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Editorial on the Research Topic

Best Practice Approaches for Mixed Methods Research in Psychological Science

INTRODUCTION

Mixed methods research burst onto the scene around the beginning of the second millennium.
After decades of intense dispute between those who preferred the qualitative perspective and their
quantitative counterparts—with both sides having grown deeply entrenched in their respective
views—a complementary approach promising the possibility of integration had finally been
proposed. By that time, however, the vast majority of researchers had committed to one stance
or the other; very few of us argued that the two approaches could be complementary.

Since then, the number of publications, scientific meetings and other activities devoted to the
mixed methods approach has increased exponentially throughout the world. For us, there are
two definitions specially relevant. Teddie and Tashakkori (2010) defined mixed methods research
as “research design using qualitative and quantitative data collection and analysis techniques in
either parallel or sequential phases” (p. 11). And Johnson et al. (2007) say that “Mixed methods
research is 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” (p. 123). Moreover, Johnson et al. (2007) have listed
and analyzed 19 definitions of mixed methods, and the authors that have worked on this topic as
a part of a big community. The expansion of mixed methods in the scientific community has been
expanding rapidly.

At a substantive level, we are pleased to see that a growing number of fields are generating
mixed methods research, and we are eager to assist in promoting this trend. However, the
field has experienced some “growing pains™ a certain degree of heterogeneity in terms of
approaches, differences of opinion regarding certain conceptualizations (for example, mixed
methods vs. multi-methods), numerous design taxonomies, multiple ways of integrating qualitative
and quantitative elements, and various positions on how best to overcome the enduring lack
of symmetry between qualitative and quantitative aspects. The methodological and substantive
spectrum is vast and broad, possibly because the mixed methods approach has become “obligatory”
for much research, not only in psychology but in practically all branches of the social sciences.

Our proposal for delineating between mixed methods and multimethods has been presented in a
previous work (Anguera et al., 2018). We believe that a study will be multimethod when, driven by a
common overall research goal, it uses a series of complementary methodologies, chosen according
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to a given criterion. According to our proposal, whether it has a
predominantly qualitative or quantitative nature has no bearing
on its consideration as a multimethod study. By contrast, the
essence of mixed methods studies is that they contain qualitative
and quantitative components that must be integrated to ensure
the mixing of the information they carry. Combining and
integrating quantitative and qualitative data in the same study,
however, poses numerous challenges, and attempts have been
made in recent years to untangle this Gordian knot, generating
and developing strategies for successfully integrating qualitative
and quantitative data.

The aim of this Research Topic is to present a selection
of studies whose methodological approaches include, as a
central element, aspects related to the Gordian knot of
mixed methods, that also incorporate secondary—but no less
important—elements such as dataset transformation, analytical
techniques and data integration, as well as studies in which
systematic observation is used as a mixed method in itself.
The Research Topic has promoted a transparent presentation
of the mixed approach used to develop the conceptual,
methodological or application-related contribution of each
article. This transparency will enable other researchers to
critically appraise and replicate the methods used.

The 32 articles that make up the Research Topic Best Practice
Approaches for Mixed Methods Research in Psychological Science,
with contribution from 121 authors, 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

It is important to highlight the contributions made in the
articles published in this Research Topic from the methodological
criteria, given the conceptual amplitude of the mixed methods
topic and its repercussions in applied studies.

We distinguish different procedural orientations, which could
be structured around different facets, such as conceptual,
technological, methodological, psychometric, and teaching.

Schoonenboom’s work focuses centrally on case development
from the perspective of mixed methods, conceptually showing
how to save the successive controversies that may arise, to later
develop subcases, and finally, a moderate case.

If we look from a technological perspective in the mixed
methods, we locate the article by Miiller et al., which focuses
on the study of sensors to study social processes, which provide
quantitatively and qualitatively treatable data. From a laboratory
setting, Casarrubea et al. deepens in reflections about the
meaning of “the qualitative” and “the quantitative.” Zurutuza
et al, in a telemetric study, use data from GPS technology,
now expanding.

If we refer to computer programs used, we highlight
the LINCE recording program (see Alcover et al; Aranda
et al; Casal et al; Escolano-Pérez, Acero-Ferrero et al;
Escolano-Pérez, Herrero-Nivela et al,; Maneiro et al.; Portell
et al; Prat et al; Terrenghi et al.), the SAGT generalizability

analysis program (see Vazquez-Diz et al; Vazquez-Diz et al.),
the GSEQ record and analysis program (see Del Giacco
et al; Escolano-Pérez, Acero-Ferrero et al; Escolano-Pérez,
Herrero-Nivela et al.; Morales-Sanchez et al; Portell et al;
Venturella et al.), the HOISAN record and analysis program (see
Alcover et al.; Camerino et al.; Del Giacco et al.; Escolano-Pérez,
Herrero-Nivela et al.; Menescardi et al.; Morales-Sanchez et al.;
Portell et al.; Vazquez-Diz et al.; Vazquez-Diz et al.), and the
THEME analysis program (see Brill and Schwab; Camerino et al;
Casarrubea et al.; Escolano-Pérez, Herrero-Nivela et al.; Hunyadi;
Morales-Sanchez et al; Portell et al; Prat et al; Szekrényes).
Furthermore, we highlight the studies by Sudrez et al. and
Terrenghi et al,, in which the DRAGON program has been
used for the transcription of interviews; that of Morales-Sanchez
et al,, where the FACE READER program has been used to
obtain data on facial expressions, ALCESTE in the study by
Rodriguez-Naveiras et al. for text analysis; ATLAS.ti in Sudrez
et al. also for text analysis; AMOS in the article by Teques et al.
for the analysis of structural equations; MATLAB in Menescardi
etal., and the WEKA tool to materialize data mining in the article
by Pastrana et al.. In turn, the SPSS has been used in Aranda et al,,
Maneiro et al., Rodriguez-Naveiras et al., and R in Casal et al..

From a methodological approach, Magnusson’s seminal work
shows how T-Pattern Analysis (TPA) passes repeatedly between
qualitative and quantitative analysis, and precisely this analysis
technique has allowed the performance of multiple mixed
methods studies, be treated in a unique way, or combined with
others, with the analysis of polar coordinates, as in the work of
Portell et al..

There are several articles published in this Research Topic
that have used the TPA, and with a methodological purpose
rather than application. Hunyadi’s article is an exponent of the
great possibilities in the field of communication understood in
a multimodal way, through the HuComTech project, and that
of Szekrényes, which technologically allows starting records in
ELAN to analyze the data with THEME.

The essential desideratum of mixed methods lies in the use of
data of diverse nature, and the study by Brill and Schwab uses
data from self-reports (from questionnaires) and videographic
recording of behavior, in addition to content analysis. Likewise,
Teques et al. start from the data of self-reports and observational
records. For their part, in Prat et al. data were obtained from
observational instruments and Likert scales. In Sudrez et al.
interviews, questionnaires, and observational records are used.
And in Terrenghi et al. videographic recordings, self-reports,
manual registration, questionnaires, and focus groups were the
chosen data gathering methods.

In recent years, consideration of the observational
methodology began as mixed method itself (Anguera and
Hernandez-Mendo, 2016; Anguera et al, 2017), and has
expanded rapidly, as this Research Topic attests. Among
the 32 published articles, there are 17 that use observational
methodology, and from this point of view, the great macro-
stages that characterize the process are expressed through
the QUAL-QUAN-QUAL, which allows qualitative data to be
transformed into other types, also qualitative, but in such a way
that they can be treated quantitatively, and then interpreted
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qualitatively (Anguera et al,, 2020; Anguera et al.,, in press).
This interpretation of mixed methods is strongly supported by
the words of Creswell and Plano Clark (2007), when referring
to connecting as a way of integration between qualitative and
quantitative elements. The articles consisting of empirical studies
found in this block are the following, in alphabetical order of the
first author: Alcover et al., Aranda et al., Camerino et al., Casal
et al.,, Del Giacco et al., Escolano-Pérez, Acero-Ferrero et al.,
Escolano-Pérez, Herrero-Nivela et al., Maneiro et al., Menescardi
et al., Morales-Sdnchez et al., Portell et al., Prat et al., Sudrez
et al., Vazquez-Diz et al., Vazquez-Diz et al., Venturella et al., and
Zurutuza et al..

Reflecting on the transit that has been carried out in certain
areas, from controlled clinical trials, considered as mono-
method, to mixed methods, there is a conceptual path that is
emphasized by Carey et al., and paying special attention to
causation and operationalization.

With a clearly psychometric interest, the works of
Timoszyk-Tomczak et al., and Llistosella et al. were published,
about the adaptation of a measurement instrument.

From the point of view of data analysis, the following
techniques have been used in the empirical studies of this
Research Topic: TPA (9), analysis of polar coordinates (8),
analysis of generalizability (4), lag sequential analysis (3),
analysis of variance (3), and, to a lesser extent, comparison of
proportions, Student’s t, Pearson’s correlation analysis, factor
analysis, principal component analysis, cluster analysis, logistic
regression, structural equation models, and decision tree.

And we end this block with teaching on mixed methods, with
the work of Roberts et al., which advocates that the teaching of
mixed methods be carried out by insisting from the beginning on
the integration of qualitative and quantitative methods, instead
of doing it separately and sequentially.

AREAS OF APPLICATION

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

In decreasing order, there are 11 articles in the field
of sport, 7 in school-education, 4 in clinical psychology, 2
in conversation analysis, and one in each of the following
fields: occupational health, the media, feeding behavior in
rats, resilience, organizational psychology, time, and teaching.
Furthermore, there is one that is purely methodological, and does
not refer to any substantive scope.

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 mixed
methods 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 32
articles that make up this Research Topic were published between
January 2019 and July 2020. 48 manuscripts were sent; therefore,
the acceptance percentage was 66.6%.
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For mixed methods research in psychology to expand, a body of psychologists, and psychology
academics who have the knowledge and expertise to conduct and review mixed methods research
is required. Reviews of mixed methods articles in psychology (e.g., Bartholomew and Brown, 2012;
Bartholomew and Lockard, 2018) have highlighted issues related to the lack of clarity of methods
used in published mixed methods psychological research. These include the failures to identify
the type of mixed method design, the mixed methods research question, the qualitative analysis
methodology, and to explicitly state the process for integrating data. These findings highlight the
lack of training for psychologists in both conducting and reviewing mixed methods research. Whilst
the new American Psychological Association reporting standards for mixed methods research
(Levitt et al., 2018) are helpful for authors and reviewers with some mixed methods expertise, they
must be complemented by at least foundational training in mixed methods research to ensure the
quality and rigor of mixed methods research published in psychology journals.

In order to develop a body of psychologists and psychology academics who have the knowledge
and expertise to conduct and review mixed methods studies, we need to teach current and future
generations of psychology students about mixed methods research. At present, mixed methods
research training, where offered at all, is typically provided at the doctoral level and across
disciplines (Christ, 2009; Baran, 2010; Poth, 2014). Whilst Onwuegbuzie et al. (2011) argued
that we can expect mixed methods to be routinely taught in the majority of higher degree by
research programs in the future, Poth (2014) viewed one-off mixed methods courses as inadequate
preparation, calling instead for the teaching of mixed methods research to begin earlier, positioned
alongside the teaching of qualitative and quantitative research. Similarly, while not specific to
psychology, the Mixed Methods Task Force report on the future of mixed methods (Mertens
et al., 2016a) has recommended the inclusion of mixed methods approaches in the undergraduate
curriculum, describing this as “the natural starting point” (p. 19).

We echo the sentiment of the Task Force by calling for the inclusion of mixed methods
research in the undergraduate psychology curriculum, beginning with teaching an appreciation
of mixed methods research. The last decade has seen an increase in the number of psychology
undergraduate programs in the United Kingdom, United States of America and Canada!

The teaching of qualitative research methods in undergraduate psychology in other countries has not been documented in
the academic literature. We acknowledge that there are likely to be large variations in the amount of qualitative research
methods taught across countires, and this will impact on the feasibility of introducing mixed methods research.
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teaching both quantitative and qualitative research methods
(Gibson and Sullivan, 2018; McMullen and Winston-Proctor,
2018). Although these methods are often poorly integrated, and
many educators tend to focus excessively on differences between
qualitative and quantitative paradigms (Fielden et al., 2012), this
teaching does provide a foundation for the introduction of mixed
methods research. As exposure to quantitative and qualitative
research increases, psychology students’ perceptions of the
incompatibility of qualitative and quantitative research methods
decrease (Roberts and Povee, 2014). While the teaching of both
quantitative and qualitative research methods equips students
for multimethods research (the use of multiple methodologies to
address different goals within a research project), mixed methods
research varies from multimethods research in the focus on
integration, as both qualitative and quantitative components are
addressing the same objective (Anguera et al., 2018). Integration
can occur during design, methods, interpretation or reporting
(Fetters et al., 2013) and can result in additional insights and
understanding. When moving from teaching qualitative and
quantitative research methods separately to teaching mixed
methods research, it is this mixing and integration that
needs to be taught. Previous research has demonstrated that
undergraduate psychology students are receptive to mixed
methods, despite some misconceptions about mixed methods
research and skepticism about the motivation and practices of
mixed methods researchers (Povee and Roberts, 2015) that may
stem from their unfamiliarity with this type of research.

Burgeoning literature on mixed methods research pedagogy
at the postgraduate level (e.g., Earley, 2007; Christ, 2009;
Baran, 2010; Onwuegbuzie et al., 2011; Frels et al., 2012, 2014;
Poth, 2014) can be used to inform the development of mixed
methods research courses at the undergraduate level. Frels et al.
(2014) reported that leading mixed methodologists emphasized
application and integration as learning goals when teaching
mixed methods research. However, there is no “one size fits
all” in terms of how mixed methods training can be delivered.
Research conducted with experienced mixed methods teachers
(Onwuegbuzie et al., 2011) indicates that courses vary in their
orientation (importance placed on coverage of quantitative
and qualitative methodologies before covering mixed methods),
application (from conceptual to applied), and structure (from
highly structured to exploratory/experiential), highlighting the
possible range of teacher positions for mixed methods courses.
This diversity of teaching approaches reflects the diversity of
mixed methods research designs. Regardless of the teaching
approach selected, Mertens et al. (2016a) highlight the role
of educators to support students in aligning mixed methods
research choices with philosophical assumptions.

A limited number of example models (e.g., Onwuegbuzie
et al, 2013; Ivankova and Plano Clark, 2018) and syllabi
(e.g., Earley, 2007; Christ, 2009) for mixed methods research
courses are available. We encourage academics who teach
mixed methods to undergraduates to share their syllabi,
resources and experiences. We note that there are currently
no materials that relate to teaching mixed methods research
in the “statistics and research methods” teaching resources
and “research methods” project syllabi sections of the Society

for the Teaching of Psychology website (http://teachpsych.org/)?.
The recently published Oxford Handbook of Undergraduate
Psychology Education (Dunn, 2015) is similarly silent with regard
to teaching mixed methods.

Whilst the availability of teaching resources, example syllabi
and authoritative guides will no doubt encourage some
instructors to introduce mixed methods into undergraduate
research methods classes, the inclusion of mixed methods in
our accreditation guidelines and textbooks will have a much
larger and more immediate impact. In Australia, where the
first author works, the Australian Psychology Accreditation
Council (2018) require that research methods be taught to all
undergraduate psychology students, but are not prescriptive
about the range of methods students should be exposed to. In
the United Kingdom (home of the second author), the British
Psychological Society (2017a,b) specify that undergraduates
should learn how to conduct quantitative and qualitative
research, but make no mention of mixed methods research.
The regulatory landscape in the United States is similar
(American Psychological Association, 2016). Furthermore, the
current® bestselling psychology research methods textbook on
Amazon.com (Morling, 2018) does not include any coverage of
qualitative, let alone mixed methods research. Coolican (2014),
the current best seller on Amazon.co.uk, does provide coverage
of both, although mixed methods is relegated to a handful of brief
mentions in chapters on measurement and qualitative methods.

The positioning of mixed methods teaching within
the undergraduate psychology curricullum needs careful
consideration. Ideally, the way we teach research methods will
change, integrating the teaching of qualitative and quantitative
methods from the beginning, rather than teaching each
separately and in opposition to each other (for an illustration
of this approach, see Onwuegbuzie et al., 2010). This will
overcome two key challenges currently faced in teaching mixed
methods: the preconceived bias and misperceptions of students
about quantitative and qualitative methods and the diversity of
competence in qualitative and quantitative research of students
entering postgraduate mixed methods research courses (Frels
et al., 2012).

Where this restructuring of the research methods curriculum
is not possible, there are a number of alternatives. First,
it is possible to teach quantitative, qualitative and mixed
methods courses sequentially throughout the undergraduate
curriculum, such as is currently done at the first author’s
institution. A potential consequence of this sequential approach
is that quantitative research is set up as the main research
methodology for psychology, with qualitative research then
seen as an alternative approach (Roberts and Castell, 2016).
Mertens et al. (2016a) note that where either quantitative or
qualitative approaches are priveliged in teaching, a cultural
shift will be required to support mixed methods approaches.
The priveliging of quantaitive research methods over qualitative
research methods in order of teaching potentially leads to a

2We note that the only graduate level research methods project syllabus listed also
neglects mixed methods research.
3 At 28 September 2018.
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misperception that the qualitative component of mixed methods
research is tokenistic (Povee and Roberts, 2015).

Beyond this, decisions on how to incorporate the teaching
of mixed methods research in the undergraduate psychology
curriculum can be informed by the three components of a
student-centered pedagogy for research methods identified by
Kilburn et al. (2014): making the research process visible,
engaging students in conducting research, and reflecting on
the research process. Examples of activities that fit within
this framework might include embedding mixed methods
assignments and presenting and discussing relevant mixed
methods research findings within subject courses. Greene (2010)
asks students to select a mixed methods article and lead a class
discussion on the quality of the study. The first author has
individual and group assessments that require students to take
the perspective of a journal article reviewer and critically review
mixed methods articles. These tasks explicitly ask students to
reflect on how well the qualitative and quantitative components
of the research haved been integrated.

Regardless of the way in which mixed methods research is
implemented within the undergraduate psychology curriculum,
evaluation will be essential in order to determine “what works.”
Guetterman et al. (2017) have developed a reliable and validated
self-rated measure of mixed methods skills that can be used
to track students’ self-ratings of skill development, and may be
used by course coordinators to improve curricula in areas where
students report they have limited skills.

We are not suggesting that introducing mixed methods to
the undergraduate psychology curriculum will be an easy task.
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The purpose of this paper is to propose a tool to examine the transcendent and
transcendental time perspective (TTTP). The inspiration to develop the scale were
Philip G. Zimbardo and John N. Boyd studies, as well as by Lars Tornstam’s
gerotranscendence theory and own research. The analysis of life from death to eternity
is an interesting, heterogeneous and difficult subject of study. The proposed TTTP
inventory can be utilized to investigate the future that extends beyond the frames
of a personal time perspective, beyond the individual’s death as well as beyond the
recognized, standard ways of understanding oneself, other people and the world. The
inventory refers to changes of quantitative and qualitative nature relating to what is
going to happen. It is composed of two sub-scales: the transcendental future and the
transcendent future. The paper outlines the psychometric values of the qualities of the
inventory, its validity and accuracy based on such indicators as the discriminative of
items, the Cronbach alpha index for each of the sub-inventories and the exploratory
factor analysis. The study findings come from analyses conducted on a group of 211
elderly subjects (the average age of 65; 70% women, 30% men). A confirmatory factor
analysis was also conducted on a group of 238 elderly subjects (the average age of 66;
69% women, 28% men, 3% no gender data available). Additionally, the paper presents
data on the accuracy of the external scale. The data are interpreted in the light of the
time perspective theory as well as the existing studies.

Keywords: transcendental time perspective, transcendent time perspective, gerotranscendence, future, time
perspective

INTRODUCTION

The questions of time and timing are a subject of interest in many fields of science. Time is
one of the most fundamental and universal categories by means of which people can grasp the
reality and which make it comprehensible. Time is an indispensable element of individual and
social experience (Bokszanski et al,, 1998). The studies on the psychology of time date back
to the beginning of the 20th century. The dynamics of these studies varied over years from
initial fascination to the loss of interest to revival (Hancock and Block, 2012). The psychologists
usually analyze psychological time, which people sometimes perceive subjectively. This means that
psychological time is personal, biased and conditioned by one’s experience. The non-objectivity
of time is a function of human activity and of related experience (Bakiera and Stelter, 2011). The
analyses of psychological time encompass a wide range of subjects from biological rhythms to the
perception of diverse aspects of time to culture change and its rate. As a result of this diversity
of subjects many models have been developed of psychological time seen from different angles:
bio-psychological, behavioral, cognitive, developmental, psychoanalytical or socio-psychological
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(Block and Grondin, 2014). Within the framework of the studied
into psychological time the researchers examine such constructs
as time perspective, temporal orientation, attitude toward time,
time competences, time pressure, time structuring and planning,
time awareness, the telic nature of time and time management,
the passage of time or time in interpersonal relations (Nuttin,
1985; Zaleski, 1994; Uchnast, 2006; Zimbardo and Boyd, 2008).

Another term associated with psychological time is mental
travel hypothesized by Tulving (1972, 1985, 2002). He considered
episodic memory to be a basis for re-living the past and pre-
living the future. Mental travel may envelop the spans of time
beyond individual existence. An individual can travel in time
to moments prior to their birth or after their death (Tulving
and Kim, 2007). Traveling to these time moments comprises
the personal, generational and metaphysical contexts and is
connected with the stress caused by such ultimate experience as
one’s own death (Suddendorfand Corballis, 2007). Time traveling
which transcends the time limits of one’s own life cannot be
compared to traveling in time within the limits of existence. It is
based on the belief in the existence of something beyond death
and related to confronting oneself with the end of one’s own
existence.

In reference both to psychological time and to the ability
to travel mentally in time, the future becomes particularly
important. The future is a domain where the individual is
motivated and which influences their behavior and activity
(Nuttin, 1985). It encompasses what is unexpected, what is ahead
of us, what cannot be predicted and explored in any available way.
It is a domain of realized plans as well as of surprise. It combines
expected and unexpected changes, gives rise to hopes and fears.
When we open our eyes to the future and step beyond the limits
of our existence, it becomes even more difficult to grasp. This
is a result of theoretical and methodological deficits experienced
in studies on psychological time (Zimbardo and Boyd, 1999),
particularly when the subject is approached from such a wide
angle.

The studies on the future that stem from the time perspective
analysis (Frank, 1939; Lewin, 1942) were initiated by such
thinkers as Fraisse (1967). He focused on the topic of
time prediction. His work directed the researchers’ attention
to temporality and its relationship with the functioning of
individuals. Today, we have a multitude of studies that deal with
the future time perspective and time orientation (but see Nuttin,
1984, 1985; Nurmi, 1991; Zaleski, 1994; Trempata and Malmberg,
1998; Nosal and Balcar, 2004; Diaz-Morales, 2006; Uchnast, 2006;
Zimbardo and Boyd, 2008).

A problem which is rarely the subject of theoretical and
empirical analyses is the future transcending the limits of
temporality. In psychology it was Boyd and Zimbardo (1997,
2006) and Zimbardo and Boyd (2008), who attempted to
operationalize and investigate the transcendental future. They
explained the term as the time after life, i.e., from death to
eternity (Boyd and Zimbardo, 1997, 2006; Zimbardo and Boyd,
2008). The transcendental future is associated with the capacity
to believe in, think about and imagine the immortality (Seema
etal., 2014). It encompasses the infinite time, which often reaches
beyond our imagination and it is based on deep faith. Even if

people make projections of that time (Boyd and Zimbardo, 2006;
Zimbardo and Boyd, 2008; Timoszyk-Tomczak and Bugajska,
2012), they are of a different character than the projects created
for the life below. What is essential is relevance rather that realism
and subjectively perceived probability of success (Zaleski, 1988).
Additionally, these projections last eternally, which gives it a
different dimension (Zimbardo and Boyd, 2008). It also prevents
their verification. Having created a vision of existence after
death, one can only hope. In the context of the temporal future,
the implementation of projects can be evaluated, improved,
modified. In the context of the future beyond the mortality it is
no longer possible to experience success or failure.

In psychology there are also other notions that refer to
crossing the limits of earthly existence, such as spirituality,
transcendence, transcendent wisdom or gerotranscendence.
Spirituality is a concept of a complex structure whose
components are such less abstract notions as hope, the meaning
of life, forgiveness or a spiritual perspective (Reed and Rousseau,
2007). The spiritual perspective refers to the belief in something
that cannot be directly experienced, something that is not subject
to devaluation and that does not have to but may encompass
religious experience (Reed and Larson, 2006). Transcendence and
transcendent wisdom are also associated with spirituality (Stras-
Romanowska, 2001; Heszen-Niejodek and Gruszczynska, 2004).
The process of transcendence taking place in late adulthood is
a focal point in Tornstam’s (2005, 2011). It is founded on an
assumption that human aging includes a potential to mature into
a new outlook on and understanding of life. Gerotranscendence
implies a shift in metaperspective, from a materialistic and
rational view of the world to a more holistic and transcendent
one (Tornstam, 2011). This includes the re-definition of one’s self,
their relationship with other people and the world and, primarily,
their concept of time. In such a context, their approach to the
future beyond death may transcend their earlier understanding
of this time. It may involve a new quality in integrating,
experiencing and developing the time perspective.

Research on the future in old age (Timoszyk-Tomczak and
Bugajska, 2012) led us to create a model for the future time
perspective in late adulthood. This model was largely based on
Nuttin’s (1985) and Lens (1986) future time perspective. At that
time, we concluded that the future of older people was open
and could be extended to include a transcendental aspect. The
material we collected allowed us to conclude that individuals
in late adulthood think about their future not only in their
personal dimension, but also in the generational or even in the
metaphysical one. Hence, we divided the elderly people’s future
time perspective into personal (individual), generational and
metaphysical parts. In the personal and generational future, we
distinguished the temporal and transcendental aspects. Also, we
linked transcendentalism with the metaphysical aspect, i.e., with
the space-time transgression.

In the course of analyzing the data we had collected, doubts
began to arise as to the realm beyond mortality which seemed
heterogeneous. Faith in some form of life after death was not
always associated with thinking about that time, but also with
images of it. We were looking for explanations and distinctions in
relation to that time. Tornstam’s concept of gerotranscendence;
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EXISTENCE OF EARTHLY EXISTENCE

FIGURE 1 | The model of the future time perspective together with the
transcendental and transcendent future.

Tornstam (2005, 2011) was helpful in this regard. We focused
on distinguishing between the transcendent and transcendental.
We considered the transcendentality of the future primarily as
faith and ruminating on time after death in terms of personal
images such as meeting with loved ones or salvation rather
than thinking about the future of generations to come or the
universe. And we acknowledged the transcendence of the future
as embracing both the temporality and what is beyond the
temporality, present in the personal and generational dimension,
and including the metaphysical aspect (Timoszyk-Tomczak and
Bugajska, 2016). Transcendentalism and transcendence are not
completely inseparable, but they have a different specificity.
They can complement each other, but they can also function
relatively independently. Transcendentality may be more related
to cultural message, including attitudes toward religion, while
transcendence refers rather to the internalization of values and
models as well as spiritual development (Figure 1).

SOURCES AND INSPIRATION TO
CREATE PROPOSED INVENTORY

The theoretical model became the basis for the development
of the inventory of the transcendental and transcendent
future. Additional inspiration to develop the inventory was a
10-item Transcendental Time Perspective Inventory by Boyd
and Zimbardo (1997, 2006) and Zimbardo and Boyd (2008).
Measurements made with the use of this tool by the authors
of this paper and other researchers (Ortuiio et al., 2013; Seema
et al., 2014; Maris Vazquez et al., 2016) show that the analysis of
time after life to eternity can be a very interesting but difficult
subject of studies. Zimbardo and Boyd’s tool focuses on the aspect
of belief in life after death, particularly on the belief in some
form of existence after death. It does not, however, measure
how often a given person thinks about the time after death

(Seema et al.,, 2014). Neither does it examine the future beyond
individual existence.

The future beyond human life is a sensitive and complicated
research subject. It can trigger one’s fear of death or engage their
dysfunctional beliefs but, at the same time, it can reach beyond
self-centeredness and elicit the process of transcendence. On
the one hand it seems that the majority of humans think about
death increasingly often as they are aging (Timoszyk-Tomczak
and Bugajska, 2012). On the other hand, the nature of these
thoughts may take various forms and refer to different issues.
People can extend the future on a linear basis and simply create
some projects for the time after death (Zimbardo and Boyd, 2008;
Timoszyk-Tomczak and Bugajska, 2016), still remaining in the
context of their lives below. They can also step outside their
temporality and think about the future in the category of other
generations, which is closer to the processes of gerotranscendence
(Tornstam, 2011). Both these forms are not mutually exclusive
but they can be partly separate ways to approach the future
beyond mortal life. This is why it seems worthwhile to develop
tools that will help examine these aspects of the future.

DESCRIPTION OF PROPOSED TOOL

Subjectively perceived future refers to different levels, such as
individual, generational or metaphysical future (Nilsson et al.,
2003). It can embrace the mortal life or reach beyond death
(Boyd and Zimbardo, 1997, 2006; Zimbardo and Boyd, 2008).
The future transcending earthly life may become the area of
individual projects - the plans whose characteristics differ from
the temporal ones. On the other hand, it may mean re-definition
of the self, the time and the hitherto existing context (Timoszyk-
Tomczak and Bugajska, 2015).

The authors’ own studies on the elderly people’s future time
perspective show that many people think about the time after
their death and make predictions about it in various ways
(Timoszyk-Tomczak and Bugajska, 2012). This thinking and
the approach to the future understood in an open manner,
i.e., as crossing the limits of human life, takes different forms.
Sometimes it is restricted to ‘what is known’ or to what lies within
the framework of one’s religious or non-religious beliefs, while
sometimes it has a transcendental character, which means going
beyond the way we have comprehended the reality and ourselves
(Tornstam, 2011).

The transcendent and transcendental time perspective
inventory examines the future that passes beyond the limits
of personal future, beyond individual death and beyond the
recognized, standard understanding of the self, the relationships
and the world. It addresses the changes of qualitative and
quantitative character. The inventory is composed of two
sub-scales.

The Transcendental Time Perspective

The transcendental time perspective refers to individual capacity
to cross the limits of the earthly life, to mental traveling to
eternity. It is first and foremost about believing in existence after
death and imagining “what will happen to me after my death.”
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It includes “planning” things such as a meeting with relatives or
salvation as well as the emotional attitude toward that time.

The Transcendent Time Perspective

The transcendent time perspective is a holistic vision of life
and death, devoid of the strong commitment of the “I” A
qualitative change in the perception of the future, both temporal
and non-mortal. Apart from the personal aspect, it increasingly
often includes the generational aspect, as well as the metaphysical
one which is associated with the fate of the universe. It gives
meaning to one’s own existence and allows one to reflect on their
own life, but also on the life of other generations and the world.
It makes the passing of human life easier to accept.

CONSTRUCTION OF PROPOSED TOOL

The studies on the future time perspective of elderly people have
shown that people in the late stage of adulthood often plan
their earthly future and go beyond temporality while thinking
about death and the time after death (Zimbardo and Boyd, 2008;
Timoszyk-Tomczak and Bugajska, 2012). When analyzing the
notions of spirituality, transcendence, transcendent wisdom
or gerotranscendence, the distinction has been made into
transcendent and transcendental future. The former is closer to
gerotranscendence, whereas the latter — to comprehending the
future after death in terms of the life below (Timoszyk-Tomczak
and Bugajska, 2016). Having made the distinction between the
two, an initial selection of a pool of 36 statements was made.
A half of the statements refer to the transcendent future and
another half - to the transcendental one. The questions were
created on the basis of the prior conceptualization. After a
content analysis and linguistic consultation, and following a
discussion with experts 26 items were selected for the first version
of the inventory.

Survey Respondents and Procedure

The survey was carried out on two samples. An initial research
procedure was run in 2017 in accordance with the Declaration of
Helsinki. The written informed consent was obtained from the
respondents of this study. The study was conducted in a group
of 211 respondents (70% of women, 30% of men), with different
levels of education and aging from medium to late adulthood (the
average of 65). The selection for the sample was purposeful, as the
tool is mainly designed for older people. The respondents were
invited to the survey by trained students. The survey was of a
group character, after presenting the purpose of the survey and
instructions, the respondents filled in a questionnaire.

The second study was conducted in a group of 238
respondents (164 women and 67 men, 7 no gender data available),
in the mean age of 66. As before, the selection of the sample
was purposeful. The study was carried out in groups of people
from the Senior Citizen’s Home, Third Age University and Social
Welfare Home. Respondents were presented with the aim of
the research and given a short instruction how to fill in the
questionnaire.

PSYCHOMETRIC VALUE OF INVENTORY

In order to test the utility of the inventory and to assign the items
to the sub-scales/sub-inventories an exploratory factor analysis
EFA was performed in the first sample (211 respondents). The
scree plot indicated the presence of two or three factors. The
two- and three-factor versions were tested using oblimin rotation
assuming the possibility of factors correlation. The two-factor
analysis was more accurate. The total explained variance was
40%. Cronbach’s alpha for the first factor consisting of 15 items
was 0.83, and for the second factor of 10 items it reached 0.88.

Next, internal accuracy was tested in the second sample (239),
by means of the confirmatory factor analysis CFA (CMIN/df,
RMSEA, GFI, AGF]I, CFI, NF], and AIC). The analyses performed
on a model obtained following the factor analysis and free
of modifications indicated a poor fit. After adding covariance
paths, the indicators improved. The analysis revealed quite good
fit indices of empirical data to the orthogonal factor model.
Chi-square is relevant but when the distribution is inconsistent
with normal distribution (to which this test is sensitive) and the
sample is large, its value may rise. The remaining fit indices were
good or acceptable (Table 1).

In the factor A (transcendental future) covariances may
indicate the consistency of items and faith in life after death is
presumably the hidden variable. In the factor B (transcendent
future), the future is associated with: the future of generations
(9-11 and 9-15), the blurring of the boundary between life and
death both in personal perspective and the universe (16-17),
and acceptance of the indissolubility of life and death (12-18).
Negative covariance (10-16) may reveal the complexity of
transcendence, where the feeling of being a particle of the
universe does not mean the blurring of the boundary between life
and death (Figure 2).

The discriminative power of inventory items was evaluated
on the basis of coefficients of correlation between the results
calculated for each item and the result for the sub-scale as a
whole. In the first sub-scale the correlation coeflicients were
stronger and ranged between 0.60 and 0.76, excluding Item 1
whose discriminative power was 0.43. In the second sub-scale
the discriminative powers were weaker but still acceptable and
ranged from 0.40 to 0.57. According to the internal consistency
of the inventory measured with Cronbach’s alpha, the reliability
of its final version (Appendix) was statistically satisfactory
(Table 2).

The psychometric properties of the inventory are satisfactory
and make it a useful research tool in the studies on the time
perspective after life and on the process of going beyond the
present understanding of time (including the future), of the
meaning of life as well as of human relationships with other
people and the world.

EXTERNAL ACCURACY

The external accuracy of the inventory was tested with
the use of the scale of Kroks religious meaning system
Krok’s (2009), Trapnell and Campbell’s rumination-reflection
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TABLE 1 | Results of confirmatory factor analysis CFA.

Model CMIN/df RMSEA

GFlI AGFI CFI NFI AIC

Model 2-czynnikowy ortogonalny 1.60 0.050

0.92 0.88 0.95 0.88 1719.73

Chi-kwadrat=199,728 df=125 p=,000 RMSEA=,050

FIGURE 2 | Factor structure of TTTPI.

questionnaire Trapnell and Campbell’s (1999) adapted to
Polish conditions by Radon (2014), Zimbardo and Boyd’s
short-form Time Perspective Inventory Zimbardo and Boyd’s
(1999) adapted by Cybis et al. (2012) as well as Piotrowski,
Skrzypinska and Zamojtel-Piotrowska’s spiritual transcendence
scale (2013).

Multidimensional analyzes between the time perspective and
religiosity were carried by Lowicki et al. (2018). Their study
indicates that positive past and future dimension are of special
importance for religiousness. Religious content helps people to
explain and interpret reality in terms of meaning and purpose.
For many religiously conscious people, religious beliefs manifest
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TABLE 2 | Characteristics of individual TTTPI items and of scale validity.

Transcendental time perspective Transcendent time perspective

Inventory item Discriminative Inventory item Discriminative

power power
1 0.43 9(16) 0.51
2 0.61 10 (17) 0.44
3 0.60 11 (18) 0.42
4 0.68 12 (20) 0.48
5 0.75 13 (21) 0.57
6 0.73 14 (22) 0.52
7 0.76 15 (23) 0.56
8 0.60 16 (24) 0.41
17 (25) 0.53
18 (26) 0.40

Reliability of scales

Transcendental time perspective Transcendent time perspective

0.88 0.81

TABLE 3 | Interrelations between TTTPI and SRMS (N = 308).

Scales Scale of Scale of Total
orientation sense

Transcendental time perspective 0.591** 0.617** 0.623**

Transcendent time perspective 0.308** 0.274** 0.299**

*p < 0.05; **p < 0.01.

a desire to understand their position in relation to the world
and other people (Krok, 2014). It was therefore decided to
investigate the relationship between the religious meaning system
and the transcendental and transcendent future. The scale of
KroK’s religious meaning system Krok’s (2009) is used to measure
religiousness in terms of meaning and contains two sub scales:
religious orientation and religious sense. The first one refers to
the understanding of the world and one’s own life, while the
second to the interpretation of life in terms of meaning and
purpose. The study was conducted on a group of 308 people (217
women and 91 men), aged 16-86, mean age 25. The results of
the correlation analysis showed strong, significant links between
the transcendental future and religious orientation and religious
sense, as well as with the scale as a whole. We also found weaker
correlations between the transcendent future and sub scales and
the overall result of the scale of the religious meaning system.
This is in line with the assumption that the transcendental time

perspective is linked more to faith and personal future, while the
transcendent time perspective goes beyond religious beliefs and
has a more holistic character (Table 3).

Additionally, we compared the indicators of the variables of
transcendental and transcendent time perspectives in the group
of practicing (141) and non-practicing (49) believers in a group
of 180 respondents (130 women, 40 men) aged 60-85. Due to
the disproportion in the size of the groups, the non-parametric
Mann-Whitney U test was applied. The results showed that in
the group of practicing believers the indicator of transcendental
time perspective was higher than the group of non-practicing
believers. There were no statistically significant differences in the
transcendent time perspective indicator. The obtained results are
consistent with the assumptions concerning the comprehension
of the transcendental and transcendent future (Table 4).

The Rumination-Reflection Questionnaire was chosen
because of the assumption that the way of thinking about the
future beyond mortality may change. Ruminations may be
related to a transcendental time perspective based on faith and
personal dimension of time, while reflection is more related
to a transcendental time perspective, which is associated with
the meaningfulness of human life. The rumination and time
perspective tests were conducted in a group of 179 participants
(131 women and 48 men) aged 58-96, the average of 68. The
choice of subjects in their late adulthood was conditioned by
the fact that the inventory was designed to test the transcendent
and transcendental time perspective which referred to the
perspective of the end of life, death and transcendence. The
rumination questionnaire is used to examine its two aspects:
positive and negative. The positive aspect relates to reflection
and lies in openness to experience, while the negative one
relates to rumination, ie., non-adaptive thoughts, opinions
and emotions, and stems from neurotic characteristics (Radon,
2014). The analyses of correlation showed a weak (but relevant)
positive relation between the transcendental time perspective and
rumination. They also indicated a medium and strong positive
correlation of the transcendent time perspective and reflection
(Table 5). Those findings may be linked to the very nature of both
scales that measure the attitude to the future beyond the present

TABLE 5 | Inter-correlations between TTTPI and RRQ (N = 179).

Scales Rumination Reflection
Transcendental time perspective 0.162* 0.127
Transcendent time perspective 0.218** 0.385**

*p < 0.05; **p < 0.01.

TABLE 4 | Characteristics of non-practicing believers (N = 49) and practicing believers (N = 141) in TTP (factors) — comparative analysis with non-parametric

Mann-Whitney U-test.

Rank sum Rank sum U p4 p-level Z corrected p-level
practicing practicing
believers believers
Transcendental TP 3067.50 15077.50 1842.50 —4.86 0.000 —4.87 0.000
Transcendent TP 4179.50 13965.50 2954.50 —1.51 0.132 —1.51 0.131
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TABLE 6 | Inter-correlations between TTTPI and TPI (N = 179).

Scales Positive past Negative past Hedonistic present Fatalistic present Future
Transcendental time perspective 0.093 0.083 0.011 0.100 —0.051
Transcendent time perspective 0.169* 0.187** 0.275%* 0.121 0.148*

*p < 0.05; **p < 0.01.

life. Transcendental future refers primarily to frequent thoughts
about one’s own death, to believing in what is beyond death and,
finally, to an emotional attitude which is probably less functional
and inhibits adaptation. Therefore, it seems that aggravated
rumination that is not associated with reflection captures the
essence of this kind of reference to the time perspective reaching
beyond present life. The transcendent future relates to changes
based on modified understanding of reality and it is associated
with personal development, which in turn indicates the need of
open-minded perception of the future after death. Its links with
reflection and rumination reveal a particular character of this
attitude to the time beyond temporality.

Other relationships were found in the course of the correlation
analyses using the Polish adaptation of Zimbardo and Boyd’s time
perspective inventory. The absence of relevant correlations with
the transcendental future indicates the discriminative accuracy
of the tool (Table 6). The transcendental future shows the
particular character of this way of perceiving time as it is
not an element of the time perspective, being rather linked
with believing in and focusing on what is going to happen
after death. The transcendent future is related with the past,
both negative and positive, with the hedonistic present as well
as with the future. The correlation is the strongest with the
hedonistic present which in the late adulthood means not only
concentrating on pleasures, but also mindfully appreciating the
life here and now (Bugajska and Timoszyk-Tomczak, 2014).
This can also indirectly refer to life satisfaction that grows
along with the process of gerotranscendence (Tornstam, 2011).
The transcendent future is about perceiving time in its various
dimensions and seems to extend the time perspective by the time
after death.

The study with the use of the transcendence scale (Piotrowski
et al, 2013) covered 53 subjects (30 women and 23 men)
aged 50-87, the average of 65. The transcendence scale is
an operationalization of Piedmont’s spiritual transcendence
theory Piedmont’s (1999; 2001) and consists of two sub-scales:
proper transcendence and spiritual openness. The proper
transcendence is about finding fulfillment in prayer, faith in
life as a whole, the sense of bonding with other people that
transcends death as well as about ideological zeal. The spiritual
openness is about tolerating paradoxes, or the capacity to
think many, not mutually exclusive ways, about non-judgmental
approach to other lifestyles, rejoicing every moment and about
thankfulness (Piotrowski et al., 2013). Inter-correlations indicate
medium positive relations of the transcendent future and the
transcendental future with the proper transcendence, which may
imply that each of these dimensions includes the aspect of faith,
thoughts and emotions referring to the time after death. However,
only the transcendent future is connected with the spiritual

openness which in turn gives broader perception of not only of
personal freedom but also of the future of the world (Table 7).

The obtained results slightly better show the character of the
transcendental future that refers mainly to some form of life after
death and includes an element of ‘planning’ what can happen
beyond the current life. The transcendent future is of a more
open nature as it is associated with thinking in the context of
generations, a sense of life and its appreciation.

DISCUSSION

The analyses of the subjective approach to time, that are often
based on studies on the time perspective, temporal orientation
or attitude to time, suffer from the lack of proper tools to
measure the attitude to the future transcending the current
life. Theoretical analyses and the attempts to tap into the
problem show deficiency and inconsistency symptoms in this
matter (Zimbardo and Boyd, 2008; Ortuio et al., 2013; Seema
et al., 2014; Maris Vazquez et al, 2016). Therefore, it seems
essential to create such tools. The statistical analyses quoted above
have proven that the proposed transcendental and transcendent
time perspective inventory is an instrument that meets the
requirements of reliability and accuracy. It is characterized
by satisfactory internal coherence and rather good theoretical
convergence. The confirmatory factor analysis has corroborated
the validity of the chosen dimensions of the future beyond
temporality. Therefore, it appears that the inventory is a good
method for examining slightly differing attitudes to this time
perspective: the transcendental future relating to faith in life after
death, and the transcendent future that is focused on the man’s
place in the universe, on the search for meaning and acceptance
of the sense of existence. The inventory can be used in studies
on adults, especially the older ones. It does not have a clinical
character and requires relatively good cognitive performance, i.e.,
it is designed for individuals without clear deficits that can inhibit
understanding the reality around them.

The performed analyses showed have shown strong links with
the religious system of meanings, both with religious orientation
and religious sense. They also revealed that believers score higher

TABLE 7 | Inter-correlations between TTTPI and STS (N = 53).

Scales Proper Spiritual
transcendence opennnes

Transcendental time perspective 0.542** —0.088

Transcendent time perspective 0.510** 0.422**

*p < 0.05; **p < 0.01.
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on the scale of transcendental future than non-believers. What
is more, they also indicate the weakness of correlations between
the transcendental future and a propensity to non-adaptive
rumination, no links with the time perspective dimensions and
a medium relationship with the proper transcendence. This
indicates a specific nature of the transcendental future which
is primarily associated with believing in any form of life after
death. It is a way of thinking about the future beyond the limits
of life that expresses the fear of future events, the recurrent
contemplation of death and the lack of acceptance of the order
of life. On the other hand, the transcendent future is more weakly
correlated with the religious system of meanings as well as with
rumination and, even to a larger extent, with reflection which has
an adaptive character. It is also connected with diverse aspects of
the time perspective, with the proper transcendence and spiritual
openness. This may mean that the domination of this kind of
thinking about the time after death is a part of the process
of gerotranscendence (Tornstam, 2005, 2011). It encompasses
stronger appreciation of what life is bringing as well as the
openness to redefining one’s own experience. It does not exclude
negative emotions and attitudes, but opens up to appreciation
and to the search for meaning.
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APPENDIX

Transcendental and Transcendent Time

Perspective Inventory
Read and decide to what extent the questions below are in line
with your opinions, feelings and everyday practices. There are
no good or bad answers here. What is important is what you
think and feel. Mark your answer on the scale 1-5 and put in the
number in a square next to the question. Choose the answer:

1 - I totally disagree, 2 — I disagree, 3 — I neither disagree nor
agree, 4 — I agree, and 5 - I totally agree.

1. Ithink about the time after my death.

2. My future is not only what is temporal, but also what is
beyond temporality.

3. Tenvision my life as eternal.

4. Ibelieve that human life takes a different form after death.

5. Ibelieve that there is something out of our body that will
preserve after our death.

6. I believe that after death I will meet people close to me.

7. 1think about meeting a Superior Being after my death.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. T have my own important ,,goals-values” that I would like

to realize after my death.

. (16) When I am thinking about the future, I am thinking

about future generations.

(17) Thave a sense of being a part of the stream of life, what
has been and what will be.

(18) I feel a bond with past and future generations.

(20) When I am thinking about the end of life and beyond,
I feel acceptance. Gdy my$lé o kresie zycia i tym co poza
nim to czuje akceptacjé.

(21) For me the future is about finding the sense of
existence.

(22) For me thinking about the future is associated with
thinking about the role of the man in the universe.

(23) When I am thinking about the future, I start thinking
about people who will be living after me.

(24) When I am thinking about life and death, the
boundaries between these two are blurred.

(25) For me the future is about crossing the boundaries of
not only my own life but of the universe.

(26) For me the time of life and the time of death are
inseparable.
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" Department of Science of Physical Activity and Sport, Catholic University of Valencia San Vicente Mértir, Valencia, Spain,
2 Department of Social Psychology and Quantitative Psychology, Institute of Neurosciences, University of Barcelona,
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The aim of the present study was to identify and differentiate the factors that determine
the possession times of successful and unsuccessful elite football teams, with the
purpose of identifying a more effective possession model. For this, match corresponding
to the round of eighth-finals, quarter-finals, semi-finals and final of the 2016 UEFA Euro
France in which 2,636 offensive sequences occurred, were analyzed. Video recordings
of matches were analyzed and coded post-event using systematic observation. The
performance indicators recorded and analyzed were: phase; match period; type of start-
up; interaction context; intention; field zone; possession time, passes, attack outcome;
match status and final outcome. An ANOVA was performed to analyze data in order
to study the influence of a set of variables. A Box—Cox transformation was applied on
the variable explained to achieve normal conditions. A study of the main effects and
significant interactions was also carried out, complemented with a set of predictions with
the variables that were more significant. It is hypothesized that possession analysis from
a mixed methods perspective will identify a more effective offensive playstyle. Results
show how, in successful teams, possession time is influenced by: Type of start-up,
intention and field zone. On the other hand, in unsuccessful teams, possession time is
determined fundamentally by intention and match status. In terms of the results of the
predictive models, in the case of successful teams, they will have longer possessions in
the offensive zone with the score in favor and, in the defensive zone with a draw score,
in both situations, initiated with the intention of progressing by means of a transition. For
unsuccessful teams, possessions will be of longer duration in the defensive zone with
a draw score, regardless of the type of start-up and, in the offensive zone, losing and
initiating the play by means of a set ball action and winning by means of a transition.
Results obtained in this work identify key factors that determine possession time in
teams and allow to differentiate the possessions of successful and unsuccessful teams,
identifying a more effective ball possession model. This information can be used to
design a possession model with greater probabilities of success and increase the
offensive performance of teams.

Keywords: performance analysis, football, possession, UEFA Euro France, observational methodology,
mixed methods
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INTRODUCTION

Ball possession, in recent years, has acquired transcendental
importance in the offensive game model of many football
teams. This circumstance was mainly caused by the success of
teams such as the FC Barcelona, Manchester City, FC Bayer
Miinchen or the Spanish and German national teams. All these
teams are characterized by an offensive game model, based on
the initiative of the game, through ball possession. Numerous
previous works have confirmed that it is a performance
indicator that makes it possible to differentiate high-level
teams. Grant et al. (1999b) analyzed the 1998 World Cup,
concluding that greater ball possession is linked to the team
success. The work of Hook and Hughes (2001) showed how
successful teams in the UEFA Champions League, World
Champions and Europa Cup maintained longer possessions
than unsuccessful teams. Bloomfield et al. (2005) reported that
the three best teams of the English Premier League in the
2003-2004 season (Chelsea FC, Manchester United FC and
Arsenal FC), maintained longer possession time than their
opponents. Jones et al. (2004) found significant differences in
possession time between successful and unsuccessful teams in
the English Premier League. Carling et al. (2005) analyzed the
same competition but in the 1996-1997 season, obtained the
same results. Casal et al. (2015) analyzed Euro 2008, concluding
that a longer duration of the offensive phase predicts a greater
success of it. The analysis of possession in the 2016 UEFA
Euro France made in the work of Casal et al. (2017), also
corroborate the close relationship between longer possession time
and team success.

In previous works quantitative analysis of possession are
carried out, arriving in some cases to identify the zone in which
it takes place (Casal et al., 2017), but in none of them the
factors that modulate team possession time are identified, nor
are they compared to acknowledge if these are the same in
successful and unsuccessful teams. Therefore, a study that allows
to create relationships between the quantitative and qualitative
aspects of possession is justified, and that is not limited to
describing and quantitatively comparing team possessions, but
that tries to identify which are the performance indicators related
to possession time and, describe an offensive playstyle that
allows to guarantee greater longer possessions. Unlike most of
the previously mentioned works, we intend to perform a novel
analysis, from a mixed methods perspective. In this work, in
addition to a quantitative analysis, we intend to carry out a
qualitative analysis to study the quality of team possessions.
The study of possession quality must be undertaken from
a qualitative perspective, and the ideal option is systematic
observation (Anguera et al., 2000, 2017), which guarantees a
perfect balance between flexibility and rigor, and which must
be integrated with conventional quantitative information in the
study of possessions. Thus, this study is considered from the
mixed methods perspective, which implies a novel treatment of
possessions, which were usually studied only from a quantitative
perspective, taking into account parameters obtained in many
cases through computer programs oriented exclusively to a
description of the competitions from element frequency (serves,

shots on goal, penalties, etc.) of different nature along the game
sets. We start from the mixed methods perspective because
it represents a third emerging paradigm of research (Johnson
et al., 2007) that offers an alternative to purely qualitative or
quantitative studies which has expanded rapidly over the last two
decades (Tashakkori and Teddie, 1998, 2003, 2010).

Through the application of this methodology we will try to
achieve the following objectives: determining possession times
of successful and unsuccessful teams, identifying performance
indicators that influence possession times in both groups of
teams, describing differences between possession patterns of
successful and unsuccessful teams and, finally, find more effective
possession models. Our hypothesis is that possession analysis
from the mixed methods perspective will make possible to identify
a playstyle that guarantees a more effective possession of the
ball. If the hypothesis is confirmed, obtained results can be used
by technicians and players to model training and competitions,
allowing to increase the offensive performance of teams.

MATERIALS AND METHODS

Observational Design

The specific design corresponding to this systematic observation,
according to Anguera et al. (2011), is a combination of
a  nomothetic/puntual/multidimensional ~ (N/P/M)  and
nomothetic/follow up/multidimensional (N/F/M)  design.
The reason is that some teams (nomothetic) are recorded in
several matches with different opposite team (puntual), but
also that these teams participate in the rounds until the final
match (follow up); in all matches we have considered several
performance indicators and time measures (multidimensional).
Moreover, the recording used an intrasessional follow-up (frame-
by-frame analysis of different matches), and was captured using
the ad hoc observation instrument in different matches. Data
analyzed is of type IV (Bakeman, 1978).

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), 14 teams and 12 matches
corresponding to the round of eighth-finals, quarter-finals, semi-
finals and final of the 2016 UEFA Euro France have been
selected in which 2,636 offensive sequences occurred. Belgium,
Croatia, Eire, England, France, Germany, Hungary, Iceland, Italy,
Northern Ireland, Portugal, Slovakia, Spain, and Wales 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
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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.

Observational Instrument
Four national coaches and experts in football research designed
an ad hoc observation instrument combining a field format and
category systems (Anguera et al., 2018a,b) was created (Table 1).
Indicators that represent the qualitative side of this study have
been selected based on previous studies (Casal et al., 2015,
2016, 2017), which have demonstrated their relationship with
team performance.

Data were recorded and coded in the LINCE software program
(Gabin et al,, 2012), and the MASS packages have been used

(Venables and Ripley, 2002), and CAR (Fox and Weisberg, 2011)
from the R software (v. 3.4.1).

Procedure

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
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. Also, according to The
Belmont Report (1978) the use of public images for research

TABLE 1 | Observational instrument (field format combined with category systems).

Criterion Definition Categories
Identification Team Analyzed team
Phase Match classification phase o: round of 16
¢: quarterfinals
smf: semifinal
f: final
Classification Final Outcome Final match result regardless of attack sequence w: win
d: draw
I loss
Performance indicators Match period Part of the match in which the attack sequence was collected ft: first time

Type of start-up

Way to start the attack sequence

COl Start interaction context
Intention Observed team intention when recovering the ball
Passes Total observed passes that the team’s attack sequence had
Match Status Team'’s partial marker observed in the attack sequence
Possession MD Time in SECONDS that the observed team keeps the ball in its DEFENSIVE zone
MO Time in SECONDS that the observed team keeps the ball in its OFFENSIVE zone
ZC Area in which the ball stayed longer in each offensive sequence
Possession time  Total time the possession lasted (MD + MO)
Outcome Attack outcome Final result of the team’s observed attack sequence

st: scond time

sp: set pieces

t: dynamic transition

ar: advanced versus delayed
am: advanced versus average
aa: advanced versus advanced
mm: average versus average
mr: average versus delayed
ma: average versus advanced
ra: delayed versus advanced
rm: delayed versus average
pa: goalkeeper versus advanced
p: progress

k: keep

Numeric

wn: winning

dr: drawing

Is: losing

Seconds

Seconds

1: middle defensive zone

2: middle offensive zone offensive
Seconds

goal: goal

sh: shot

sta: sent to area

ne: no success
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purpose does not required informed consent or the approval
of an ethical committee. An ethics approval was therefore not
required as per applicable institutional and national guidelines.
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 (2015) 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, it revealed a strong agreement between observers,
which means high reliability (0.92), 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

A complete factorial design was applied to verify which
were the factors that most influenced “Possession time” in
successful and unsuccessful teams. The analysis of the variables
and their interactions was carried out using the ANOVA
technique. The residuals conditions were verified to check that
normality conditions are met. In the case of non-compliance,
a transformation of the response variable, “Total possession
time” was performed, using a Box—Cox transformation where the
parameter A was estimated, by maximum likelihood.

After adapting the regression model and checking the
adjustment to normality by calculating the Shapiro-Wilk statistic,
the main effects and interaction relationships between the
model’s significant variables were calculated. Finally, a set of
predictions was calculated between the interactions that were
significant, accompanied by their graphic representation, to
compare successful and unsuccessful teams.

RESULTS

Analysis started with data selection and filtering, using the
variables: Type of start-up, Intention, Zc (field zone), Pt (possession
time) and Match Status.

The model proposed for successful teams:

Pt = p + PiType of start-up + P,Intention
+ B3Zc + PsMatch status + BsType of start-up:

Intention: Zc: Match status

Results obtained from the variance analysis in successful teams
are presented in Table 2.

Significant effects in this analysis were: the simple effects, Type
of start-up, Intention, Zc. No significant second-order effects,
and only a significant third-order effect Type of star-up-Zc-
Match Status.

The transformation of the response variable made with
the Box-Cox method, offers the best maximization of the
likelihood profile, estimating the X\ value that in this case is
around 0.02020202.

This transformation allows to obtain a Shapiro-Wilk test of
normality of W = 0.99669 with a p-value = 0.2821, verifying the
normality test of the residuals in the model.

The ANOVA was again calculated with the transformation,
and the following results were obtained (Table 3):

The significant effects in this analysis with the transformation
applied were: simple effects, Type of start-up, Intention, Zc.
Significant second-order effects, Type of start-up-Intention; Type

TABLE 2 | ANOVA results for successful teams.

Df Sum  Sq Mean SqF value Pr(>F)
Type of start-up 1 1580 1580 6.638 0.01013*
Intention 1 34303 34303 144104  <2e-16***
Zc 1 1872 1872 7.863  0.00515**
Match Status 2 251 125 0.527 0.59046
Type of start-up: 1 617 617 2.591 0.10783
Intention
Type of start-up: 1 626 626 2.629 0.10528
Zc
Type of start-up: 2 534 267 1.121 0.32646
Match Status
Intention: Zc 1 284 284 1.193 0.27503
Intention: Match 2 742 371 1.558 0.21104
Status
Zc: Match Status 2 625 312 1.312 0.26977
Type of start-up: 1 265 265 1.115 0.29131
Intention: Zc
Type of start-up: 2 698 349 1.466 0.23148
Intention: Match
Status
Type of start-up: 2 1645 823 3.456 0.03197 *
Zc: Match Status
Intention: Zc: 2 496 248 1.043 0.35287
Match Status
Type of start-up: 2 894 447 1.879 0.15339
Intention: Zc:
Match status
Residuals 938 223284 238

Significant codes: 0 “**” 0.001 “*” 0.01 **” 0.05 “.” 0.1 “”.
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TABLE 3 | ANOVA with transformation.

Df Sum Sq Mean SqF Value Pr(>F)
Type of start-up 1 106 10.56 19.654  1.04e-05***
Intention 1 95.8 9579  178.370 <2e-16%**
Zc 1 7.4 7.44 13.852 0.00021#**
Match Status 2 0.4 0.20 0.373 0.68898
Type of start-up: 1 3.2 3.16 5.880 0.01550*
Intention
Type of start-up: 1 1.8 1.81 3.378 0.06638.
Zc
Type of start-up: 2 2.1 1.07 1.991 0.13717
Match Status
Intention: Zc 1 0.4 0.37 0.690 0.40653
Intention: Match 2 0.5 0.25 0.465 0.62805
Status
Zc: Match Status 2 0.4 0.21 0.396 0.67295
Type of start-up: 1 0.1 0.13 0.245 0.60243
Intention: Zc
Type of start-up: 2 0.6 0.32 0.590 0.55468
Intention: Match
Status
Type of start-up: 2 3.9 1.97 3.659 0.02612*
Zc: Match Status
Intention: Zc: 2 0.2 0.12 0.225 0.79858
Match Status
Type of start-up: 2 0.8 0.39 0.730 0.48213
Intention: Zc:
Match status
Residuals 938 503.8 0.54

Significant codes: 0 “**” 0.001 **” 0.01 **” 0.05 “” 0.1 *”.

of start-up-Zc. Finally, a third-order interaction Type of start-up-
Zc-Match Status was significant.

Main Effects in Successful Teams
The main effects of the three significant simple factors were
represented, with their values related to possession time

(Figure 1). In this way, possession time with respect to Type of
start-up was obtained, and was slightly greater when the start
is given in a set piece than in transition. With respect to the
Zc a greater possession of the ball was observed in the offensive
zone. Regarding the factor Intention of the observed team, when it
recovers the ball, it was observed that the greatest possession time
was given in an intention to progress with the ball (p: progress),
and somewhat less when the intention was to preserve the ball (k:
keep). The combination of the three factors with the maximum
time of possession would be: in offensive zone, starting from a set
pieces and with the intention of progressing the ball.

Interactions in Successful Teams

The significant interactions of the model (Type of start-up-
Intention; Type of start-up-Zc) were shown (Figure 2). In the
case of the Type of start-up-Intention interaction, it could be seen
how, both in the plays that started at set pieces and in transition,
the greatest possession time occurred when the team intended
to keep the ball.

In the Type of start-up-Zc interaction, a greater possession
time was observed, both in the offensive zone, and the
defensive zone, when the offensive phase was initiated by means
of a transition.

Successful Teams Predictions

Predictions of the significant interactions in the model were
established, based on possession time, obtaining the prediction’s
most adjusted values, accompanied by their confidence
intervals (Table 3).

A first prediction was formed by the Type of start-up-Intention
factors. The values of the categories of the beginning of the
sequence were presented in relation to team intention. In Table 4
it can be observed, how a greater possession of the ball will be
produced when the play begins by means of a transition.

A second prediction configured by the factors Type of start-
up-Zc, indicates that there will always be greater possession of

o
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a >
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FIGURE 1 | Main effects in successful teams.
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the ball, both in the defensive and offensive zones, if initiated by
means of a transition.

For the prediction of three factors Type of start-up-Zc-Match
Status the following situations were collected (Table 5):

TABLE 4 | Predictions based on possession time.

Intention Type of start-up Fit Iwr upr
Keep Sp 3.168067 3.042380 3.293754
T 3.248004 3.126791 3.369216
Progress Sp 2.332448 2.245356 2.419540
T 2.664055 2.592382 2.735727
Zc Type of start-up Fit lwr upr
Defensive zone Sp 2.628168 2.412159 2.644176
T 2.792668 2.696641 2.888695
Offensive zone Sp 2.665467 2.560275 2.770659
T 2.837030 2.743069 2.930992

TABLE 5 | Three factor prediction.

Type of star-up Set pieces

Zc Match status fit lwr Upr

Defensive zone Wn 2.331815 2.177045 2.486584
Dr 2.712268 2.561506 2.863030
Ls 2.520898 2.097975 2.943821

Offensive zone Wn 2.571334 2.427036 2.715632
Dr 2.746415 2.601379 2.891451
Ls 2.730275 2.422766 3.037783

Type of star-up Dynamic transition

Zc Match status fit Iwr Upr

Defensive zone Wn 2.753987 2.620310 2.887663
Dr 2.828626 2.698067 2.959185
Ls 2.796901 2.470895 3.122908

Offensive zone Wn 2.877259 2.758385 2.996132
Dr 2.746526 2.594403 2.898650
Ls 2.890032 2.631293 3.148770

If the play is started at set pieces actions, there will be a
longer possession time with a tied score, both in the defensive
and offensive zones.

In the case of a start with transition. There will be a longer
possession time in the defensive zone with the score tied and in
the offensive zone with the marker losing.

The model proposed for unsuccessful teams was the same as
for successful ones:

Pt = p + PiType of start-up
+ BrIntention + B3Zc + P4Match Status
+ PBs5Type of start-up: Intention: Zc¢: Match Status.

Once the lack of normality adjustment to residuals was
verified and the transformation of the explained variable was
carried out applying the Box-Cox transformation, with a
value N = 0.1414141, which allows obtaining a Shapiro-Wilk
coefficient. W = 0.9974, and a p-value = 0.1798, justifying the
adjustment of the residuals of the model.

Table 6 shows the results obtained in the variance analysis,
with the new adjustment.

The following significant values were observed: simple effects:
Intention (p < 0.001) y Match Status (p < 0.001). Second order
effects: Type of start-up- Intention (p < 0.05); Type of start-up-Zc
(p < 0.01); Type of start-up-Match Status (p < 0.05); Intention-
Match Status (p < 0.001). Third order significant effect: Type of
start-up-Zc-Match Status (p < 0.01)

Main Effects for Unsuccessful Teams

The main effects were represented, of the two significant simple
factors and their values related to the time of possession
(Figure 3). In this way, it was observed that the greatest
possession time with respect to the Intention factor occurs when
there was an intention to keep the ball (k: keep), and much less
when the intention was to progress (p: progress). In the factor
score (Match Status), the greatest possession time was given when
the team was losing, while the shortest possession time was given
when the team was winning. The combination of the two factors
indicate that the maximum possession time is achieved, based on
an intention to keep the ball, when the team is losing.
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TABLE 6 | ANOVA results with transformed dependent variable, for
non-successful teams.

Df Sum Sq Mean SqF value Pr(>F)
Type of start-up 1 0.7 0.66 0.644 0.422456
Intention 1 151.1  151.06 148.180 <2e-16%**
Zc 1 0.0 0.02 0.018  0.8903189
Match Status 2 17.7 8.84 8.671  0.000185***
Type of start-up: 1 5.7 5.72 5.613  0.018019*
Intention
Type of start-up: Zc 1 10.3 10.34 10.140  0.001496**
Type of start-up: 2 8.1 4.04 3.961 0.019340*
Match Status
Intention: Zc 1 1.9 1.85 1.819 0.177760
Intention: Match 2 33.0 16.52 16.200  1.19e-07***
Status
Zc: Match Status 2 0.9 0.44 0.436 0.646832
Type of start-up: 1 1.0 0.99 0.975 0.323739
Intention: Zc
Type of start-up: 2 1.2 0.61 0.597 0.550505
Intention: Match
Status
Type of start-up: 2 10.1 5.06 4.966  0.007144**
Zc: Match Status
Intention: Zc: 2 0.6 0.30 0.298 0.742660
Match Status
Type of start-up: 2 2.5 1.25 1.222 0.294964
Intention: Zc:
Match status
Residuals 993 1012.3 1.02

Significant codes: 0 “**” 0.001 **” 0.01 **” 0.056 “.” 0.1 “”.

Unsuccessful Teams Interactions

Figure 4 shows the significant interactions of the model,
according to the type of start-up. In the case of the Type of start-
up-Intention interaction, it could be observed that, in both types
of starts of the play, the longest possession time occurred when
the intention was to keep the ball.

In the Type of start-up-Zc interaction, the longest possession
time was given in the case of starting with a set piece in the
defensive zone. In the case of start with transition, possession
time was the same in both zones.

In the Type of start-up-Match Status interaction, it was
observed how the greatest possession time occurred when the
team started the play on set pieces and was losing. The shortest
time of possession occurred, both in the start of set actions and
transition, with the score in favor. With the score drawing there
were hardly any differences in possession time regardless of the
form of start of the play.

If we analyze the Intention-Match Status interaction, we can
observe how two intersections occurred (Figure 5). The draw
marker interacted with the winning and losing markers. This is
because possession time with a draw score was much greater
when the intention was to keep the ball, whereas when the
intention was to progress it decreased considerably. When the
score was favorable (winning) shorter possession times occurred,
regardless of the team’s intention. With the score losing, the
longest possession time occurred with the intention of keeping
the ball with a descent when the intention was to progress.

Unsuccessful Teams Prediction

Table 7 shows the results corresponding to the significant
interactions with the Type of start-up. We can observe how
a longer possession time will be produced when the play is
initiated by means of a transition, whether it is intended to
keep or progress.

We can also observe how, in the defensive zone, greater
possession will occur if it is started by means of a set pieces and,
in the offensive zone, if it is initiated by means of a transition.

Finally, A greater possession time with the score winning
will occur when the play is initiated by means of a transition.
Both with the score losing and drawing, there will be a longer
possession time when set pieces actions start.

In Table 8, we present the significant predictions based on
Match status. If we analyze the predictions based on team
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Intention

intention and partial result we can see how, with the score
drawing, there will be a longer possession time if you try to keep
the ball and, with the result of losing, there will be a greater

possession if you try to progress.

For the prediction of three factors (Type of start-up-ZC and
Match Status), the following situations may be possible (Table 9):

In the defensive zone will be greater possession when the
score is drawing, whether the play is initiated by means of a
transition or set pieces.

There will be greater possession of the ball in offensive zone
when the set piece starts with the score losing, and, if it starts with
a transition, with the score winning.
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TABLE 7 | Predictions in function to Type of start-up.

Intention Type of start-up Fit Iwr upr
Keep Sp 3.080707 2.958752 3.202662
T 3.187973 3.087256 3.288690
Progress Sp 11.58845 9.752692 138.42420
T 16.09780 14.587048 17.60855
Zc Type of start-up fit Iwr upr
Defensive zone Sp 3.735140 3.576295 3.893985
T 3.386873 3.256824 3.516921
Offensive zone Sp 3.218056 3.081412 3.354700
T 3.386374 3.262865 3.5609883
Match status Type of start-up fit Iwr upr
Winning Sp 2.714127 2.287977 3.140278
t 3.279219 2.917061 3.641377
Drawing Sp 3.416937 3.264049 3.569826
T 3.395566 3.256741 3.534390
Lossing Sp 3.549402 3.398372 3.700433
T 3.392165 3.266919 3.517412
TABLE 8 | Prediction according to tactical intention — marker.
Intention Match status fit Iwr upr
Conservar Wn 3.067949 2.607933 3.527966
Dr 4127844 3.980021 4.275666
Ls 3.880861 3.698573 4.063149
Progresar Wn 3.030887 2.725103 3.336672
Dr 2.899664 2.776021 3.023308
Ls 3.323472 3.221544 3.425401
TABLE 9 | Prediction field zone-type of start-up-marker.
Zc Defensive zone
Type of start-up Match status fit Iwr upr
Sp Wn 2.726720 2.146522 3.306918
Dr 3.798074 3.594471 4.001677
Ls 3.773970 3.561142 3.986798
T Wn 3.147875 2.752974 3.542777
Dr 3.503992 3.321563 3.686422
Ls 3.325186 3.147818 3.5602555
Zc Offensive zone
Type of start-up Match status fit Iwr upr
Sp Wn 2.707461 2.236707 3.178214
Dr 3.091747 2.901043 3.282452
Ls 3.399087 3.218663 3.579510
T Wn 3.620713 3.056228 4.185197
Dr 3.289762 3.109245 3.470280
Ls 3.442400 3.286265 3.5698534

DISCUSSION

Ball possession has been identified as a differentiating
performance indicator between successful and unsuccessful
teams (Grant et al., 1999a,b; Hook and Hughes, 2001; Jones et al.,
2004; Bloomfield et al., 2005; Carling et al., 2005; Hughes and
Franks, 2005; Casal et al., 2015, 2017). This work was proposed
with the intention of discriminating possession time qualitative
and quantitatively in successful and unsuccessful teams from
a mixed methods perspective, to try to identify an effective
ball possession model. The results have allowed us to identify
significant differences between ball possession models of both
groups of teams.

Specifically, based on the results of the simple effects, we have
detected that in successful teams possession time is influenced
by, the form of start of the offensive phase, the intention of
the team once possession is recovered and possession zone.
Successful teams are characterized by having longer possessions
in the offensive zone when they start at set pieces actions and with
the intention of progressing. On the other hand, in unsuccessful
teams possession time of the offensive phase is influenced by team
intention, once the possession of the ball has been recovered, and
by the match status. In the latter case, our results corroborate
those obtained in previous studies (Sasaki et al., 1999; James
et al., 2004; Jones et al., 2004; Bloomfield et al., 2005; Lago-
Pefas and Martin, 2007; Taylor et al., 2008; Lago-Pefias, 2009).
These teams will have longer possessions when they are losing,
results in line with some previous works (Sasaki et al., 1999; Jones
et al., 2004; Bloomfield et al., 2005; Lago-Pefias and Martin, 2007;
Lago-Penas, 2009) and with the intention of keeping the ball. Of
these results, perhaps the most significant is to indicate how the
partial result, in successful teams, does not influence possession
time. Indicating, in this case, that these teams do not vary their
game model based on match status, while unsuccessful ones do,
coinciding with the results of Bloomfield et al. (2005). These data
differ from some of the previously mentioned works since, their
results show the same pattern of ball possession, for both groups
of teams, depending on the evolution of the match status. This
circumstance may indicate an evolution of the game of successful
teams toward more stable possession models, and less influenced
by the evolution of the match status.

If we analyze the results obtained when studying the
interaction of the different variables selected with possession
time, we can observe how in the second order interactions
there are also significant differences between both groups of
teams. While successful teams are characterized by having longer
possessions in the offensive zone, when they start possession
through a transition, unsuccessful teams have longer possessions
in the defensive zone, initiating the attack through set pieces ball
actions and, above all, when they are losing. We cannot compare
these results with previous works, since we have not found any
study that performs a multivariate analysis with the indicators
selected here. Some previous works (Casal et al., 2017) have also
found that successful teams are characterized by possessions of
longer duration in the offensive zone and unsuccessful ones, on
the contrary, in the defensive zone. This can be explained because
successful teams are supposed to have a higher technical-tactical
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level, and are able to overcome the greater defensive pressure
and accumulation of players near the opposing goal and, on the
contrary, unsuccessful teams will only be able of maintaining
possession in those areas of lower defensive pressure that, in
general, are close to your goal.

Finally, observing the data obtained in third-order
interactions, which will allow us to make predictions about
how possession time of the team will be, according to the
relationships between the selected variables. In this case, we can
check how the main differences between both teams occur in the
following cases:

Successful teams will always have greater possession time, both
in defensive and offensive zone in the event that the play is
initiated by means of a transition. These data are in line with
what was previously stated when finding that successful teams
have longer possession times than unsuccessful ones, indicating
that higher-level teams try to control the game, and take the
initiative, through ball possession, helped by the high individual
performances of their players. In the case of unsuccessful teams,
if the offensive phase starts on set pieces actions, the greatest
possession will occur in the defensive zone and, if the play is
initiated by means of a transition, in the offensive zone. This can
be explained because, in a set pieces action, the opposing team
has enough time to organize defensively and, therefore, lower
level teams will have greater difficulties to advance toward areas
closer to the opponent’s goal. On the contrary, if they start the
offensive phase after a recovery of the ball, it may be easier for
them to progress to more advanced zones, due to the defensive
disorganization of the opposing team, since this is in an open
disposition, with greater inter and intra-line space.

If we take into account the type of start-up and the match
status, successful teams will produce their greatest possession
with a score draw and starting the play by means of a set
pieces ball action. This data shows, once again, the control
of the game performed by higher level teams, maintaining
possession of the ball. In the case of unsuccessful teams, if
they are winning, they will have greater possession initiating
the play through a transition. As we discussed earlier, in this
circumstance of the game, the opposing team will perform a
defensive pressure, because of their need to score as much, and
the lower level of unsuccessful teams will not allow them to
maintain possession for a long time unless they initiate the attack
through a dynamic transition, without leaving time for the rival
team to organize defensively. If they find themselves losing or
drawing, the possession will be longer if the play starts at set
pieces actions. In this case, the rival team does not have the need
to press defensively, which will facilitate the team possession.

If we consider the type of start-up, the match status and
field zone. In this case, we see how successful teams will always
have longer possessions initiating the offensive plays by means
of a transition and this possession will be more extensive in the
defensive zone if they are drawing and in the offensive zone if
they are winning. In the first case, it can be considered a normal
behavior, since not having the need to score so much, can give
up on counterattacks and its main objective can be focused on
keeping the ball, as a defensive method. The second behavior is
somewhat contradictory, since, if they are winning, it is normal

for the opposing team to perform defensive pressure and this
pressure will be greater near their goal, so maintaining possession
in this zone will be more difficult that to do it near the own
goal, where the pressure of the adversary team is smaller. This
behavior could be explained by the need to keep the ball as far
as possible from the own goal, to avoid a possible chance of an
opponent’s goal, in the case of losing the ball to the opponent. On
the other hand, unsuccessful teams, in the case of being drawing,
will always have more extensive possessions in the defensive zone,
regardless of the type of start of the play. In addition, in spite
of being able to have the will to progress toward the rival goal,
it lacks the technical-tactical mechanisms necessary for it, hence
that it passes great moments of the game in the initial gestation
phase of the offensive game. Adversary teams, in this situation,
do not have the need to quickly recover the possession of the ball,
and may allow it to be in the power of the opposing team, but
away from their own goal. For these teams possessions will be
of greater duration in the offensive zone, losing, and initiating
the play by means of a set pieces action and winning, by means
of a transition. In the first case, the need to score as much,
will provoke a more advanced defensive pressure and possession
of the ball closer to the area of the opposing team’s goal. The
second situation has already been explained previously, in this
case the defensive pressure of the rival team will only allow to
have the ball a minimum of time in control, until they are able to
make a counterattack.

Based on the results obtained, we can prove how our
hypothesis regarding possession analysis from the mixed
methods perspective was confirmed, which would allow us to
differentiate the possessions of successful and unsuccessful teams
and describe a more effective possession style. The application
of the results of this study in the field of intervention will affect
the tactical-strategic aspects of the team’s game. This knowledge
will allow the elaboration of intervention strategies to optimize
team possession. However, the results of this work cannot
be generalized to all matches and competitions, because only
national teams have been analyzed and in a specific competition.
As some previous works indicate (James et al., 2004; Bloomfield
et al, 2005; Tucker et al, 2005; Lago-Pefias and Martin,
2007; Lago-Penas, 2009; Collet, 2013), the type of competitions
influences team possession, therefore, it will be necessary to
continue investigating with different samples that cover different
competitions to try to generalize the results and try to identify
which are the key elements that differentiate or characterize the
offensive possessions of successful teams, with the objective of
trying to identify a more effective possession model.

CONCLUSION

This work has been carried out with the intention of identifying
which are the performance indicators that influence possession
time in elite soccer teams, check if these indicators differ between
successful and unsuccessful teams and finally, identify a more
effective possession model.

It has been possible to verify the existence of differences
between the performance indicators that influence possession
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time between successful and unsuccessful teams. Specifically, in
successful teams possession time is influenced by: Type of start-
up, intention and field zone. On the other hand, possession time
of unsuccessful teams is determined fundamentally by intention
and match status. We have also noted how the phase of the
tournament in which the match is played, the match period, the
interaction context and the number of passes do not influence
team possession time. Finally, the models to execute the offensive
phase that guarantee a greater possession of the ball have also
been different for both groups of teams.
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Communication represents the core of psychotherapy. The dynamic interaction
between verbal and non-verbal components during patient-therapist exchanges,
indeed, promotes the co-construction of meanings bringing about change within a
process of reciprocal influence of participants. Our paper aims to illustrate the building
of a new observational instrument of the therapeutic discourse, the Communicative
Modes Analysis System in Psychotherapy (CMASP), and its reliability study from
Mixed Methods framework. The CMASP is a single classification system analyzing
the communication features within therapeutic exchanges. Born to overcome the
limits of traditional psychotherapy research which considers verbal and non-verbal
dimensions of communication as in polar opposition, the CMASP building was based
on the performative function derived from the Speech Act Theory. We used this
function as a comprehensive theorization to interpret the communication components
in psychotherapy as an integrated and interacting system. In fact, the instrument
detects and classifies, at the overall and dimension level, the verbal and extra-linguistic
components of psychotherapeutic communication implemented by the therapist and
patients in the form of communicative modes. From the observational methodology
framework, it was built an instrument able to record and analyze verbal, vocal
and interruption behaviors by combining elements of qualitative and quantitative
research approaches. The sample consisted of 30 psychotherapy audio recordings and
verbatim transcripts of psychotherapy sessions (for a total of 8327 speaking turns).
Four main dimensions were elaborated (Verbal Mode-Structural Form, Verbal Mode-
Communicative Intent, Vocal Mode, and Interruption Mode) according to the agency role
of communication components. The instrument is a field format combined with category
systems. For each dimension, we built a category system that is exhaustive and mutually
exclusive. From all dimensions, we have a total of 33 categories. Intra-and inter-judge
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reliability among four independent judges was computed on a total of 503 speaking
turns coded through Cohen’s k and Krippendorff’s canonical agreement coefficients
(Cc), respectively. The CMASP showed high intra-and inter-judge agreement at the
global, dimensional, and categorical level providing researchers and professionals with a
single and flexible classification system, able to give multiple and concurrent information
about the psychotherapy process.

Keywords: psychotherapeutic communication, verbal and non-verbal communication, performative language,
observation system, mixed methods approach

INTRODUCTION

Psychotherapy, as an asymmetric help-relationship focused
on the patient, represents an experience of sharing and
communication (Molina et al., 2013). During psychotherapy
session, therapist and patient implement a specific type of
communication in the form of therapeutic conversation,
as mutual research and exploration through dialogue
(Soares etal,, 2010).  Participants, through language, co-
construct meanings that continually evolve promoting the
change (Soares et al., 2010; Dagnino et al., 2012). Speech content
(verbal dimension) and the different channels conveying it (non-
verbal dimension) are the core ingredients of communicative
exchanges (Ephratt, 2011). Nevertheless, Weick (1968) claims
that linguistic content, in the form of verbal behaviors, constitutes
only a small portion of human communication and most of
it rests on extra-linguistic behaviors. In particular, voice and
interruption behaviors (Mahl, 2014) are important indicators
of the underlying psychological processes in communicative
exchanges (Weick, 1968).

Historically, verbal and non-verbal components of
psychotherapeutic communication have been considered
and studied separately, as though they were independent and
in polar opposition to each other, leading to the development
of separated theorizations and investigations (Westland, 2015).
Nevertheless, recent research underlines the need for an
integrated communication approach since verbal and non-
verbal behaviors are co-occurring and interrelated phenomena
that show mutual influences (Jones and LeBaron, 2002). As
Jones and LeBaron (2002) claim, “Mutual influence is especially
complex and subtle in face-to-face situations because visible
forms of communication occur simultaneously with one
another and with vocal messages, and exchanges among persons
can occur both sequentially and instantaneously” (p. 512).
Therefore, the study of mutual influence represents a focal
point in comprehending the interpersonal communication
in psychotherapy, justifying the integration of verbal and
non-verbal components.

The integrated system reflects the complexity of the
therapeutic relationship in which verbal and non-verbal
dimensions influence each other and interact regulating its
co-construction, although they are separate components
(Westland, 2015). Precisely, their interaction determines the
building of therapeutic discourse, a specific type of conversation
with an asymmetric structure in which the mutual influence of

verbal and non-verbal communication affects the intersubjective
processes implemented by both participants (Leahy, 2004;
Westland, 2015).

Traditional psychotherapy research, focusing on either
verbal or non-verbal communication through separate theories,
impedes to bridge these dimensions and to deepen the processes
underlying their reciprocal influence. To overcome such a limit,
in agreement with the convergence process of natural and human
science (Damasio et al., 2001), we derived the performative (or
pragmatic) function of the Speech Act Theory (SAT; Searle, 2017)
from the linguistic research to explain how verbal and non-
verbal dimensions in psychotherapy influence each other despite
being separate, underlining the need for an integrated system.
Precisely, compared to scholars who based their investigations
on this function to study specific aspects of psychotherapeutic
communication (e.g., Valdés et al., 2010; Tomicic et al., 2011;
Talia et al., 2014), we assumed the performative function as the
global theory to describe the mutual influence of communication
components within an interactive system, emphasizing the
essential role of integration in analyzing the therapeutic actions.

In line with the performative function, language is a part
of reality and not its reflection; it represents a tool to
perform actions according to which by saying something, we
do something that in psychotherapy is an aspect connected to
change (Krause et al., 2006; Reyes et al., 2008). Such a function
integrates the traditional concept of language as merely constative
(or propositional) and overcomes the notion of communication
as a mechanic process of encoding-transmission-decoding of
messages in which sender and receiver represent the ends of the
process itself (Ellis and McClintock, 1990).

Within a process of mutual regulation turn-by-turn
(interactive communication), which can be studied objectively
through systematic observation, a speaker who expresses a
speech performs an action that is something different from
the act of saying per se and in which verbal and non-verbal
messages interplay conveyed through different sensory systems.
Verbal and non-verbal dimensions have an impact on the
listener of communication who, in turn, decodes them and
implements a communicative act that affects the first speaker
(Jones and LeBaron, 2002; Sbisa, 2009).

During the psychotherapeutic encounter, the patient and
therapist share and influence their reciprocal internal realities by
transmitting information (contents) through recordable verbal
behaviors. These verbal messages are expressed in the form of
propositional acts (that is to refer and predicate) connected
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to both the speaker’s communicative intent and the object of
the therapeutic work (Aristegui et al., 2009; Valdés et al., 2010).
Therefore, within a reciprocal coding and decoding process
by both participants, each linguistic act has an impact on
the recipient of communication determining, on the one
hand, the mutual regulation and co-construction of meanings
through conversational sequences and, on the other hand,
changes in the internal representations of each participant
(Aristegui et al., 2009).

However, each speech emitted is influenced by reciprocal
prosodic modulations implemented by patient and therapist
during the therapeutic interaction (intersubjective approach
to voice; Campbell, 2007) and changes in the emotional
state of each participant are affected by mutual and
observable variations in communicative exchanges, according
to the principles of universal recognition of emotions
(Thompson and Balkwill, 2006; Tomicic et al., 2011, 2015b).
Voice quality and its acoustic parameters (tone, intensity,
duration, and timbre) influence the co-construction of meanings
by transmitting psychological meanings and emotional messages
apart from the verbal content, but verbal and vocal dimensions
feel the effects of each other’s action (Jones and LeBaron, 2002;
Tomicic et al., 2011). The integration of vocal dimension to
speech content is at the basis of regulatory behaviors as any
experience of therapeutic interaction (Jones and LeBaron,
2002). Patient and therapist implement a mutual regulation
process in the form of coordination sequences of vocal behaviors
which are connected to change (Tomicic et al., 2011). Precisely,
this process determines a reciprocal influence in the internal
organization of both participants and transforms the individual
internal functioning in a more complex state (Campbell, 2007;
Tomicic et al., 2015b).

Communicative exchanges in psychotherapy, as every kind
of human communication, are organized in a speaking turn
alternation that patient and therapist can influence through
reciprocal interruptions (Li et al., 2005). They represent linguistic
acts supplied with intentionality (Wallis and Edmonds, 2017)
that violate the turn-taking rules allowing the interrupter to
encroach on speaker’s communicative and elaborative space,
supporting or hindering the co-construction of meanings
and the communicative relationship (Murata, 1994; Li, 2001;
Sacks et al., 2015). Therefore, the communicative intent of the
interruption enriches the meaning and strength of the speech
emitted by the interrupter through the mutual influence with
the other verbal and non-verbal dimensions that constitute
the speech itself (Jones and LeBaron, 2002). At the same
time, within a mutual coding and decoding process, these
non-verbal interactive behaviors (Mahl, 2014) impact on the
speech of the one who is interrupted producing changes in the
interactive dynamics between verbal and non-verbal components
(Jones and LeBaron, 2002). Thus, interruptions orient the mutual
regulation of participants through coordination sequences that
influence the co-construction of meanings and therapeutic
discourse (Van Eecke and Fernandez, 2016).

According to this performative model of communication,
“People not only utilize structural forms, but they also co-
construct and negotiate meanings and rules in their ongoing

interactions” (Jones and LeBaron, 2002, p. 504). Hence, the
interplay of verbal and non-verbal dimensions increases the
complexity of communicative exchanges in psychotherapy
through mutual influence and regulation processes arising
during patient-therapist interactions. The co-occurrence of these
communication components models the co-construction of
meanings and the unfolding of the therapeutic dialogue pointing
out the need for integration.

These processes can be best studied through systematic
observation because it represents the most appropriate method
to capture the reality of communication exchanges and
components in the natural context of the therapeutic setting
(Anguera et al,, 2018b). Therefore, we need observational
instruments for recording and analyzing behaviors which can
integrate verbal and non-verbal dimensions and fill the gap of the
existing literature (such as the one we are about to introduce),
since none of the present tools can keep the components of
communication together.

Over the years, various research lines developed around the
therapeutic intervention respectively focusing on psychotherapy
manualization (e.g., Craske and Barlow, 2006), non-specific
factors of change (e.g., Krause, 2005), and psychotherapy process
and outcome (e.g., Wampold, 2005), while psychotherapeutic
communication area  has  received less  attention
(Valdés et al., 2010). However, many scholars (e.g., Bucci, 2007;
Lepper, 2009, 2015; Valdésetal.,2010; Tomicic etal., 2011;
Weiste and Perdkyld, 2014; Buchholz and Reich, 2015) support
the importance of studying the communicative patterns,
especially in  successful  psychotherapeutic — encounters,
underlining their fundamental role in comprehending
patient-therapist interactions.

During the decades, a wide variety of methods arose to study
the intersubjective processes between patient and therapist, often
involving problems in the field of methodology which increased
the complexity and difficulty of studying communication in
psychotherapy (Lepper, 2009, 2015). Nevertheless, systematic
observation proved to be as the best way to analyze these
communication processes.

Scholars in this field have developed various observational
tools to analyze verbal and extra-linguistic components of
communication in psychotherapy, but they are based on
separate theorizations of the communicative dimensions and are
not exempt from limits. For example, the Comprehensive
Psychotherapeutic  Interventions Rating Scale (CPIRS),
developed by Trijsburg et al. (2004), considers only the
classification of interventions implemented by a therapist
resulting from the analysis of common factors to the
main psychotherapy orientations (client-centered, group
psychodynamic, behavioral, cognitive and systemic orientations).
The Client Behavior System (CBS), developed by Hill et al. (1992)
as a revised version of the Client Verbal Response Category
System (CVRCS; Hill et al., 1981), focuses in particular on
patient’s verbal behaviors, distinguishing eight nominal and
mutually exclusive categories derived from different theoretical
perspectives. Finally, the Therapeutic Activity Coding System
(TACS-1.0), developed by Valdés et al. (2010), is a single system
based on the notion of performative language which classifies
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only verbal communicative actions of patient and therapist by
micro-analyzing each speaking turn during relevant episodes of
the psychotherapy process.

As for voice and interruptions in psychotherapy, research
is not as extensive (e.g, Weiste and Perdkyld, 2014;
Buchholz and Reich, 2015; Oka et al, unpublished) as the
research on verbal communication. Observational systems
to classify voice in the psychotherapeutic context are not so
many, while those to observe interruptions are not present,
to our knowledge. With regard to the study of voice, for
example, the Client Vocal Quality (CVQ) and Therapist Vocal
Quality (TVQ) are two classification systems developed by
Rice and Kerr (1986) to separately detect the clients vocal style
in any given utterance and the therapist’s vocal qualities affecting
the client’s participation in the therapeutic work, apart from
speech content. Finally, the Vocal Quality Pattern (VQP) was
developed by Tomicic etal. (2015a) as a single coding system
to classify patient and therapist’s vocal quality, apart from the
content of speech considering specific acoustic parameters of
voice, during relevant episodes of the psychotherapy process.
Such a system includes four vocal quality patterns (Reporting,
Connected, Affirmative, Introspective, and Emotional) and
three non-coding categories of vocal patterns, but it does
not distinguish the positive and negative emotions of speech.
Referring to the study of interruptions, systems for classifying this
kind of behaviors are not traceable in psychotherapy framework.
In psychotherapy research as well as in intersubjectivity and
self-regulation models, distinct detection of positive and
negative emotions and interruption behaviors is extremely
important because they affect the change and psychotherapy
process (Carver and Scheier, 1990; O’Reilly, 2008; Stalikas and
Fitzpatrick, 2008; Schutte, 2013).

Although all these classification systems contribute to
studying the communicative components of the therapeutic
discourse, they do not consider the mutual influence of verbal and
non-verbal dimensions and often focus on a specific participant
or aspect of the communicative exchange. Moreover, although
some classification systems are built as single systems to analyze
speech of both therapist and patient, they do not go deep in
the study of some aspects of communication (for example, the
VQP includes only the Emotional category, not distinguishing
between positive and negative emotions, or emotions with and
without verbalizations). Furthermore, they often may segment
a speaking turn to micro-analyze the communicative behaviors
but not providing information at a more global level (e.g.,
TACS-1.0; Valdés et al, 2010). Finally, as we mentioned
previously, there is a lack of systems for classifying interruptions
in psychotherapy.

To overcome these limitations, we consider the need
for a comprehensive classification system able to study and
describe verbal and extra-linguistic behaviors implemented
reciprocally by patient and therapist turn-by-turn during
communicative exchanges. Furthermore, this system must
be able to understand the mutual influence and evolution
of such communicative behaviors during psychotherapy. For
these reasons, inspired by an interdisciplinary perspective
(Damasio et al, 2001) and starting from the performative

function of language (Searle, 2017), we have developed -within
an exploratory and descriptive design- the Communicative
Modes Analysis System in Psychotherapy (CMASP), that we
introduce in this paper.

The CMASP is born as an attempt to solve the problem
of studying communication in psychotherapy according to a
comprehensive theory. It has been developed to be a single
and flexible observational system able to detect and classify
(together or separately) both verbal and extra-linguistic
components of communication expressed by the therapist
and patient during the therapeutic exchange. Furthermore,
the instrument allows identifying a communication profile
for each participant and their interaction by integrating the
communicative modes implemented. It provides valuable
support in increasing knowledge about patient-therapist
exchanges by detecting the communicative profiles able to build
change during the psychotherapy process, and this is impossible
using existing tools.

To describe patient-therapist communicative interactions
and to analyze their mutual influence at the verbal and
extra-linguistic level, the CMASP building is based on the
performative function of language (Searle, 2017), which is
connected to change in psychotherapy (Krause et al, 2006;
Reyes et al,, 2008), combined with Campbell’s theorization
(Campbell, 2007) and the principles of universal recognition
of emotions (Thompson and Balkwill, 2006). Moreover, its
constituent categories are derived from previous works adapted
to the goals of our investigation (Hill, 1978; Goldberg, 1990;
Stiles, 1992; Murata, 1994; Li, 2001; Valdés et al., 2005, 2010;
Krause et al., 2009; Tomicic et al., 2015a) and from the building
process of the classification system itself.

Specifically, as a single system, the CMASP permits a
rigorous and systematized analysis of verbal and non-verbal
communicative modes implemented by both patient and
therapist in each speaking turn during the psychotherapeutic
discourse. All this allows realizing comparative and sequential
analyses which provide knowledge of the participants’ mutual
interaction process, the way communication evolves, and the
communicative actions which affect the change during the
psychotherapeutic process.

In recent years, a growing interest in integrating qualitative
and quantitative methods has been developing in psychotherapy
research. This integration provides a more comprehensive
view of the patient-therapist interaction as it is supported
by objective measures through a complementary perspective
(Lutz and Hill, 2009), the search for mixed methods, which offers
both rigor and flexibility in approaching the reality of the
therapeutic relationship (Anguera and Hernandez-Mendo, 2016;
Anguera et al., 2018a).

The purpose of this paper is, firstly, to introduce the building
of the CMASP by describing the methodology used to realize it
and showing its ability in detecting and coding multiple aspects
of communication in psychotherapy through its constituent
dimensions and categories. Secondarily, we would present its first
reliability psychometrics, for both inter-and intra-rater values,
and its applications in the form of descriptive statistics of the
subscales trend and an example of coding.
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MATERIALS AND METHODS

The CMASP is founded on the systematic observation
(Anguera et al, 2001) of verbal, vocal and interruption
behaviors in patient-therapist communicative exchanges; this
methodology, in turn, is based on a mixed methods approach
(Plano Clark et al., 2015) integrating qualitative (QUAL) and
quantitative (QUANT) data according to an exploratory
sequential design (Fetters et al., 2013). Therefore, in line with a
non-participant and indirect observation of natural language
(Anguera et al., 2018b) within the ecological and not structured
context of the therapeutic setting, patient and therapist’s
communicative behaviors were subjected to qualitative and
quantitative analyses. In particular, verbal behaviors were
converted into documentary material to analyze the content of
each speech; to analyze vocal and interruptions behaviors, the
acoustic characteristics of speech and the impact of these on
the listener of the patient-therapist communicative exchanges
were observed through a careful listening of therapeutic session
recordings, apart from the content of messages. Although this
methodology is intensive and implies working with a reduced
number of participants, it permits the collection of a large
number of records with high rigor (Castaner et al., 2016, 2017;
Arias-Pujol and Anguera, 2017; Garcia-Farifia et al, 2018;
Rodriguez-Medina et al., 2018; Suarez et al., 2018) through the
use of an observational instrument (the CMASP in this research).

Mixed methods research represents “a new movement,
or discourse, or research paradigm (with a growing number
of members) that has arisen in response to the currents of
qualitative research and quantitative research” (Johnson et al,
2007, p. 113). The concepts and technicalities of quantification
and data transformation are a recurrent theme in works
written by eminent figures in the field of mixed methods
research (Sandelowski, 2001; Creswell et al, 2003; Bazeley,
2009, 2018; Sandelowski et al., 2009; Onwuegbuzie et al., 2018;
Schoonenboom et al., 2018). Several options are possible,
and we select that one more suitable, considering the
qualitative nature of data.

Quantification in observational methodology (in this study
performed by using the CMASP) is particularly robust because,
apart from simple frequency counts, contemplates other essential
primary parameters, such as order and duration (Bakeman, 1978;
Anguera et al., 2001; Bakeman and Quera, 2011; Quera, 2018),
thereby providing the researcher with the means to map the
different components of a behavior as it occurs.

In observational methodology, primary parameters are
frequency, order, and duration; they are structured in the
form of levels that follow a progressive order of inclusion
(Anguera and Blanco-Villasefior, 2003) according to which the
corresponding data progressively acquire greater power. In
particular, frequency provides the least information, while
order gives information on both frequency and sequence of
behaviors; finally, duration supplies information on frequency
and order by adding the number of time units for each
occurrence of a behavior.

The specific consideration of the order parameter is crucial
for detecting hidden structures through the quantitative analysis

of relations among different codes in systematized observational
datasets. Precisely, since the initial dataset -deriving from a
notably rich qualitative component- contains information on
the order, it can be analyzed using a wide range of quantitative
techniques working with categorical data (e.g., lag sequential
analysis, polar coordinate analysis, and detection of T-Patterns)
and producing a set of quantitative results which are then
qualitatively interpreted, bringing about a seamless integration.
Therefore, such quantitative techniques aim at searching invisible
structures and studying how these evolve.

According Creswell and Plano Clark (2011), “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” (p. 7; the emphasis is our). Just based
on the second option (Connecting) of integration of qualitative
and quantitative elements, we perform this connection starting
from systematic observation and transforming usual qualitative
data of records in another dataset (here recorded by the
CMASP). This last one allows including the record parameters
of order and duration, being possible to obtain a matrix
of data which are analyzable through quantitative techniques
(Anguera et al., 2018b). Each session record will generate a
matrix of codes (generally not regular) in the dataset, and each
row will express the co-occurrences (corresponding to the various
dimensions) carried out in each of the successive units.

The wide range of opportunities, available for processing
data derived from observation, supports the idea that purely
observational studies should be considered as mixed methods
research studies (in which connecting represents an integration
form implying to quantitize the qualitative records), even though
they constitute a special case and do not follow traditional
patterns (Anguera et al., 2017).

Design

Within the mixed methods perspective, the observational design
(Blanco-Villasefor et al., 2003) represents an empirical model
of organization of the study connected to the research aims
and in line with the systematic observation used which lead the
decisions about data collection, organization, and analysis. The
intersection of three dichotomous criteria (the unit of study,
the continuity of recording, and the number of dimensions)
provides eight different observational designs distributed in four
quadrants (Figure 1).

The unit of study is divided into the Idiographic option (one
unit corresponding to one participant or various participants
with a stable bond) and Nomothetic option (different units).
The continuity of recording is divided into the Punctual option
(one session recorded) and Follow-up option (different sessions
recorded over time). This last one, in turn, can be specified in
inter-sessional (the recording obtained along different sessions)
and intra-sessional (the recording obtained from the beginning
to the end of a session). Finally, the number of dimensions is
divided into the Unidimensional or Multidimensional options,
depending on the number of response levels considered and
connected to the study aims. On several occasions, one
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Idiographic / Punctual / Multidimensional

Idiographic / Punctual / Unidimensional

Punctual

Nomothetic / Punctual / Unidimensional

Nomothetic / Punctual / Multidimensional

FIGURE 1 | Representation of the observational designs (adapted from Blanco-Villasenor et al., 2003, p. 115). The intersection of the three dichotomous criteria (the
unit of study, the continuity of recording, and the number of dimensions) brings about eight possible combinations, corresponding to the eight observational designs

distributed in the four quadrants.

Idiographic

Nomothetic

Idiographic / Follow-up / Multidimensional

Idiographic / Follow-up / Unidimensional

Follow-up

Nomothetic / Follow-up / Unidimensional

Nomothetic / Follow-up / Multidimensional

or more dimensions can be developed in subdimensions
(Blanco-Villasefior et al., 2003).

Given the complexity of this study, the most suitable
observational design, among those involving a low level
of intervention (Chacon-Moscoso et al., 2014), was the
Nomothetic/Follow-up/Multidimensional (N/F/M; Anguera and
Izquierdo, 2006) included in the Quadrant IV of the systematic
observation designs representation as it presents the most
wealth of information and a higher complexity (Figure 1;
Blanco-Villasefior et al., 2003). Specifically, the study was
nomothetic because it was focused on a plurality of units in
which different patients, in interaction with the same therapist,
were analyzed independently. Moreover, intra-and inter-session
analyses were performed, reflecting the follow-up recordings.
Finally, the evaluation of verbal, vocal and interruption behaviors
corresponded to the observation of multiple channels of
communication, typical of the multidimensional design. As it
is possible to notice, there is a full correspondence between
the observational design selected for this study and the
structure of the CMASP.

Participants and Material

We developed the CMASP at the Dynamic Psychotherapy
Service belonging to the Interdepartmental Laboratories for
Research and Applied Psychology (LIRIPAC), a recognized

research center of the University of Padua (Italy). The
ethics committee of psychology faculty of the University
of Padua approved the collection of the research material
(informed consents, the audio recording of sessions, and
confidentiality modes of procedures) which followed
the ethical guidelines and procedures of the LIRIPAC,
based on the Italian law about privacy and confidentiality
(n. 196/03). We discussed the specific research practice
and ethical procedure of this investigation with the
Director of the Centre who approved them before the
research began in 2016.

We followed the ethical standards for research outlined in
the Ethical Principles of Psychologists and Code of Conduct
(American Psychological Association [APA], 2017). Therefore,
we assured confidentiality by replacing the participants’ personal
information. As for listening to the audio recordings, we
guaranteed confidentiality not providing personal data of the
speakers to the trained coders who were in charge of their
listening and transcription. We did not award incentives, and we
emphasized voluntary participation. In line with the Declaration
of Helsinki, we collected the informed consents of the therapist
(verbal consent) and each patient (written consent), finalized
to research aims, before realizing data collection and audio
recording. In other words, we conducted the study after the end
of the psychotherapy treatments.
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For the CMASP development, we selected 10 weekly
individual psychotherapies among those of patients self-
referred to the Dynamic Psychotherapy Service (DPS) of the
University of Padua. Psychotherapy sessions collection was
managed, in respect with patients’ recruitment, according to
the following criteria: (a) each patient agreed to participate
and signed the informed consent; (b) all participants
completed the entire psychotherapeutic assessment phase;
(c) each patient, by a previous screening to the assessment,
completed the depressive scale of the Beck Depression
Inventory-II (BDI-II; Italian version, Ghisi et al., 2006) and
the Symptom Checklist 90 Revised (SCL-90-R; Italian version,
Sarno et al., 2011), obtaining scores greater than or equal
to the 85° percentile and the T-score of 60, respectively;
(d) the audio recording of each session was complete.
Moreover, patients met the following exclusion criteria: (a)
absence of psychiatric diagnosis; (b) absence of ongoing
pharmacological treatment for depression; (c) absence of
previous psychological treatment.

The choice of selecting depressed patients was due
to (a) the prevalence of this kind of patient who self-
referred; (b) research reasons for obtaining a sample as
uniform as possible; (c) the specific communicative features
of this kind of patients which represent an expression
of their symptoms. In fact, patients with depressive
symptoms tend to speak more slowly and monotonously
with less volume and voice modulation (Rottenberg
and Gotlib, 2004), moreover, they tend to show high
variation in prosody connected to the severity of symptoms
(Yang et al., 2013).

Patients consisted of 10 university students (5 men and
5 women; age M = 26 years, SD = 3.91, Min = 22 years,
Max = 32 years), residing in urban and rural areas of Italy; all of
them were in care by the same female therapist (aged 39 years)
with 13 years of expertise in the psychodynamic approach. By
the administration of the BDI-II (Italian version, Ghisi et al,,
2006) and SCL-90-R (Italian version, Sarno et al., 2011), all
the patients showed depressive symptomatology. Specifically,
they showed positive scores in the Total Score (M = 93.86,
SD = 7.15, Min = 80, Max = 99), Somatic-Affective Area
(M = 95.00, SD = 2.77, Min = 90, Max = 99), and Cognitive
Area (M =94.71, SD = 5.74, Min = 85, Max = 99) of the BDI-II.
Moreover, they showed positive scores in the Global Severity
Index (M = 61.14, SD = 8.15, Min = 53, Max = 75) and Depression
Scale (M = 67.86, SD = 6.09, Min = 60, Max = 75) of the SCL-
90-R. For each patient, the audio recordings (50 min each) and
their verbatim transcriptions of the first three psychotherapeutic
sessions were considered, for a total of 30 psychotherapy sessions.
Afterward, we eliminated one session since it did not satisfy
the inclusion criteria (the audio recording interrupted 10 min
after the beginning) obtaining a sample of 29 psychotherapy
sessions (29 audio recordings and 29 verbatim transcripts).
Each transcription and the corresponding audio recording were
divided into speaking turns.

To build the CMASP, we drew 3 cases of psychotherapy
(each one consisted of 3 sessions) from the 10 cases considered,
for a total of 9 sessions. Afterward, we randomly selected

and observed audio recordings and their transcriptions of six
sessions from the three cases of psychotherapy, for a total
of 2095 speaking turns (1048 therapist speaking turns +
1047 patient speaking turns). These 3 cases of psychotherapy
were excluded from further analyses, obtaining a definitive
sample of 7 cases (4 men and 3 women) for a total of
6232 speaking turns (3121 therapist speaking turns + 3111
patient speaking turns). Finally, two sessions and their audio
recordings, for a total of 503 speaking turns (252 therapist
speaking turns + 251 patient speaking turns), were randomly
selected among the remaining 20 sessions to perform data
quality control.

Judges and Training Process

Three undergraduates and one Ph.D. students in psychology
were recruited as judges and trained for the CMASP.
Training consisted of 3-h classes 3 times a week (for a
total of 35 h). During such a period, the judges learned the
verbatim transcription norms as well as the usage of the
Audacity® recording and editing software (version 2.2.1;
Audacity Team, 2017) for observing and coding the audio
recordings. Moreover, they studied the coding and training
manual of the CMASP (Del Giacco et al.,, 2018) as well as they
done exercises -rating 11 extracts of psychotherapy sessions
audio recordings and transcripts for a total of 550 speaking
turns coded (275 therapist speaking turns and 275 patient
speaking turns)- and participated in discussion groups about
encodings attributed.

Instruments

In systematic observation, recording instruments (e.g., to
record and coding data) and observation instruments (that
is purpose-designed ad hoc instruments) are differentiated
(Anguera et al., 2018b).

Recording Instruments
Each 50-min therapeutic session was recorded in the therapist’s
room through an MP3 audio recorder, positioned at an
equal distance from the therapist and patient to reduce
and control reactivity Dbiases. Trained undergraduates
realized a verbatim transcription for each audio recording
of psychotherapy sessions to observe verbal behaviors during
patient-therapist communicative exchanges. Moreover, they used
the Audacity® recording and editing software (version 2.2.1;
Audacity Team, 2017) to perform the extra-linguistic behaviors
observation. Such software is a support instrument to listen
to audio tracks which shows the sound wave and enables the
observer to stop, segment, trace, and code the audio recording
for applying the categories according to the coding manual. The
dataset was built using Excel.

Data quality control analyses were performed through

the Tool for the Observation of Social Interaction
in  Natural Environments (HOISAN, . 1.6.3.3.4;
Hernéndez-Mendo et al., 2012) and Sequential Data

Interchange Standard-Generalized Sequential Querier computer
program (SDIS-GSEQ, v. 4.1.3; Bakeman and Quera, 2011).
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Finally, descriptive statistics were performed through SPSS v.
23.0 Statistics statistical software.

Procedure
Development of the CMASP
The CMASP was elaborated within the observational

methodology framework as an ad hoc indirect observation
system of the therapeutic discourse (Anguera et al., 2018b) able
to detect, record and classify verbal, vocal and interruption
behaviors implemented turn-by-turn by patient and therapist, in
the first phases of psychotherapy.

Based on this type of observation, the instrument building
took place by implementing a recurrent process which
oscillated between the observation of psychotherapeutic
reality through audio recordings and transcripts and the
theoretical framework that supporting the knowledge of
that reality. To this end, the CMASP derived from the
combination of two main instruments of the observational
method, the field format and category systems, which
were elaborated ad hoc for this specific observational
study, exploiting the advantages of each to understand
the reality of the therapeutic dialogue. Their combination
rests on the theoretical framework of the observed reality
and provides the instrument with the flexibility and
dimensionality of the field format as well as with the
consistency of the category systems (Anguera et al., 2007,
Anguera et al., 2018b).

In the CMASP building, the recording process -leading up to
a systematized recording of verbal and extra-linguistic behaviors
with maximum external control- was divided into two different
phases: the exploratory or passive phase (pre-scientific) and the
active phase (scientific; Anguera et al., 2007). These phases were
realized using the audio recordings of six sessions randomly
selected from the three cases of psychotherapy previously drew.

During the pre-scientific phase, firstly we defined the
structural criteria of the observation tool starting from the
theoretical framework of the performative function of verbal and
non-verbal behaviors (Krause et al., 2006; Reyes et al., 2008;
Searle, 2017), reciprocally performed by patient and therapist
through speech to co-construct the communicative relationship
and meanings. The criteria were deduced after an analysis of the
characteristics of communication in psychotherapy from related
scientific literature and the variables studied in other research
paper. To this end, we have carried out a review of databases
(Google Scholar, Scielo, Dialnet, PsycINFO, PsycARTICLES,
PsycCRITIQUES, and PubPsyc) using the following keywords:
“verbal communication and performative language”; “non-verbal
communication and performative language”; “psychotherapy and
communication and performative language”; “psychotherapy and
Speech Act Theory.” We reviewed the abstracts and papers
to select the studies related to the analysis of communication
components according to the performative function of language
(Hill, 1978; Goldberg, 1990; Stiles, 1992; Murata, 1994; Li, 2001;
Valdés et al., 2005, 2010; Krause et al., 2009; Tomicic et al., 2015a).
After discussing a preliminary list, we established core criteria
and their definitions characterizing four dimensions: Verbal

Mode-Structural Form (VeM-SF), Verbal Mode-Communicative
Intent (VeM-CI), Vocal Mode (VoM) and Interruption Mode
(IM). In particular, two dimensions were defined to analyze
verbal behaviors: the VeM-SE concerning the propositional
content and corresponding to the structure by which speech
expressed the communicative mode; the VeM-CI, concerning the
performative content and corresponding to the communicative
intent of the speaker’s speech.

In this exploratory phase, three audio recordings were chosen
at random from the six sessions so that they respectively
corresponded to the first, second and third session of different
individual psychotherapies. These audio recordings were listened
through Audacity® software (version 2.2.1; Audacity Team, 2017)
and verbatim transcribed. Such a step was fundamental for
improving the training to observation, reducing biases (e.g.,
reactivity or expectation biases), as well as defining the norms
for verbatim transcription, and elaborating a narrative recording
(that is the first description of behaviors observed in the natural
context with little constraints; Anguera et al., 2018b) at the root
of the systematic observation process of communication.

To realize the narrative recording and observing
verbal and extra-linguistic behaviors, we first unitized
verbatim transcriptions and audio recordings in line with
Krippendorff’s (2013) procedures; they were structured in
text blocks and audio blocks, respectively. We defined a text
block as the whole speech in the transcript included between
the opening and closing sentences of each therapy session.
The audio block corresponded to that of the transcription,
and it was marked in the audio recording through Audacity®
software (version 2.2.1; Audacity Team, 2017). Afterward, we
organized the text and audio block in speaking turns according
to patient and therapists communicative exchanges. One
speaking turn corresponded to the piece of speech emitted
by one speaker from the moment he/she began to speak until
the other speaker took the floor. Given the correspondence
between the audio and text block, we marked the speaking
turn in the audio recording through Audacity® software at the
change of speaker (therapist or patient) who emitted the speech
(Tomicic et al., 2011).

We assumed the speaking turn as the unit of analysis
of communicative exchanges, and it was equivalent in both
the transcription and the audio recording. To facilitate
a microanalytical observation and to perform subsequent
comparative analyses, each transcript and audio recording was
divided into ten segments according to the procedure defined
by Colli et al. (2014) for the Collaborative Interaction Scale-
Revised (CIS-R). This choice permitted to obtain the same
number of pairs of therapist-patient turns in all the segments
as well as it allowed segmenting the CMASP in the same way
as other tools for psychotherapy process analysis do (e.g., the
CIS-R). Finally, speaking turns were sequentially numbered and
named with T and P to differentiate the speech of therapist and
patient, respectively.

After carrying out the unitizing process, we observed the audio
recordings and transcripts of the psychotherapy sessions and
elaborated a list of communicative behaviors for each dimension.
Each dimension was exhaustively observed until we detected
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and listed all possible communicative behaviors that represented
the core criterion.

During the scientific phase, we deduced a list of possible
categories for each dimension, adapted to the study goals, from
the previous works selected. With the list of communicative
behaviors for each dimension of the exploratory step, we
performed a grouping process around concepts of the theoretical
framework characterizing each provisional category. During
this process, we improved the definitions and features of each
category. Contemporarily, we performed a thematic grouping
process of a series of communicative behaviors detecting new
categories for each dimension. We defined provisional lists of
categories systems that were discussed and modified until we
achieved an agreement on each one.

As a result, we obtained a set of exhaustive and mutually
exclusive (E/ME) categories of communicative behaviors for
each criterion dimension (Anguera et al., 2018b), ensuring
a good flexibility degree of the classification system. In
other words, within the therapeutic discourse, each speech
of patient and therapist could be evaluated according to the
four dimensions of the instrument, while each communicative
behavior identified could be assigned to one (exclusivity
condition) and only one (mutual exclusivity condition) category
within the category system of the corresponding dimension
(Anguera and Izquierdo, 2006).

Once the categories were defined, an evidence check
was performed on three new psychotherapeutic sessions -
randomly selected among those of the three cases drew- to
verify that new behaviors could not emerge, confirming the
exhaustiveness of category systems after the instrument building.
In this stage, the manual of the observational instrument
(Del Giacco et al., 2018) was developed.

Coding Manual

A coding and training manual (Del Giacco et al, 2018) was
elaborated to present the organization of the CMASP, the norms
for the verbatim transcription, and the explanation of the
Audacity® software usage (version 2.2.1; Audacity Team, 2017).
Inside it, we described the categories of the CMASP dimensions.
We illustrated each category definition through textual (and
audio) examples and counter-examples, extrapolated from the
observation of verbal and extra-linguistic psychotherapeutic
communication, to identify and discriminate verbal, vocal
and IMs, respectively. Furthermore, we showed and explained
the procedure for unitizing the transcription and its audio
recording as well as detecting the minimal unit of analysis
for each dimension. For VeM-SE, VeM-CI, and VoM coding,
we explained in the manual both the criteria for segmenting
each speaking turn when a coder detected multiple categories
for one dimension and the norms to be used to annotate
these. Steps for coding verbal and extra-linguistic modes in
the transcription and audio recording were defined. In the
case of speaking turn segmentation due to VeM-SE VeM-
CIL, and VoM coding, we described the rules for obtaining
a global encoding. This aspect allows realizing comparative
and sequential analyses as well as obtaining a systematized
record in the form of a dataset (that is systems of codes

structured as matrices) in which each speaking turn expressed
multiple event codes.

Given the correspondence in the unitizing procedures
of verbatim transcription and audio recording, we assumed
the former as the coding sheet to note the observation
and coding of verbal dimensions and extra-linguistic
dimensions, respectively. Afterward, encodings -detected
and transcribed for each dimension- were reported in
a global coding sheet to obtain multiple event codes for
each speaking turn.

Rigorous Data Quality Control of the CMASP

After the evidence check, control analyses were implemented
through two quantitative statistical techniques to verify and
ensure the data quality and the reliability of the instrument.
The first one, the intra-observer reliability, was computed
through Cohen’s kappa coefficient (k; Cohen, 1960) to verify
the degree to which one observer’s encodings of the same
transcript and audio recording remained constant at two
different times (in this study, we realized the second coding
of the same transcription and audio recording after 1 month).
The second one was the inter-observer reliability to verify
the agreement level of at least three observers’ encodings of
the same transcript and audio recording at the same point
in time. It was computed, at the global and dimensional
level, through Krippendorft’s canonical agreement coefficient
(Cc; Krippendorff, 1980) -an adaptation of Cohen’s kappa-
while, at the categorical level, as an average value of all the
Cohen’s kappa coefficients (k; Cohen, 1960) calculated on
different couples of observers (all the possible combinations
of the four observers). These analyses were performed on the
encodings of four judges -trained for the CMASP and its
coding procedure (Losada and Manolov, 2015; Anguera et al.,
2018b)- who observed 503 speaking turns, corresponding
to the material of 2 psychotherapy sessions (1 verbatim
transcription + 1 audio recording each one) randomly
selected from the seven cases of the definitive sample.
Although we observed only two sessions, the number of
speaking turns was adequate to consider the material at a
microanalytic level.

The four judges realized the coding independently, applying
the CMASP on one selected psychotherapy session at a time. An
observer chief was selected among the four judges to compute the
intra-observer reliability.

Each reliability was computed for
the overall and dimensional level, through HOISAN
v. 1.6.3.3.4 (Hernandez-Mendo et al, 2012) and, at
the categorical level, through SDIS-GSEQ v. 4.1.3
(Bakeman and Quera, 2011).

the CMASP, at

RESULTS

Firstly, we present a general description of the CMASP.
Afterward, we discuss the reliability study results and, finally,
we report the CMASP applications to the sample (descriptive
statistics of subscales trend and an example of coding).
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General Presentation of the

Classification System

The CMASP is an ad hoc classification system for the
indirect observation of communication in psychotherapy, as
a combination of a field format system for each criterion
dimension and category systems, which analyzes (together or
separately) patient and therapist’s verbal, vocal and interruption
behaviors turn-by-turn.

The instrument consists of four dimensions (VeM-SE, VeM-
CIL, VoM, IM), two of them referred to two aspects of verbal
behaviors and the others related to vocal and interruption
behaviors of communication, respectively.

A total of 33 categories describes patient and therapist’s verbal
and extra-linguistic behaviors, respectively. Each dimension
comprises a set of these categories in the form of exhaustive
and mutually exclusive category system, as described below. Each
speaking turn can present one and only one communicative
mode for each dimension, but it can show co-occurrent
communicative modes belonging to different dimensions.

Concerning the analysis of verbal modes, six categories
constitute the VeM-SF dimension (Courtesies, Assertion,
Question, Agreement, Denial, and Direction), while the VeM-
CI dimension consists of eight categories (Acknowledging,
Informing, Exploring, Deepening, Focusing, Temporizing,
Attuning, and Resignifying). Concerning the VoM dimension, it
consists of eight categories (Reporting, Connected, Declarative,
Introspective, Emotional-Positive, Emotional-Negative,
Pure Positive Emotion, and Pure Negative Emotion). The
communicative intent of each category is associated with both
a peculiar acoustic parameters combination and specific mode
of the speaker’s speech affecting the listener of communication,
apart from the verbal content. Moreover, the “emotional”
categories (Emotional-Positive, Emotional-Negative, Pure
Positive Emotion, and Pure Negative Emotion) are defined and
described according to the principles of universal recognition
of emotions (Thompson and Balkwill, 2006). Concerning the
IM dimension, eleven categories are detected and specified
in cooperative, intrusive, neutral and failed interruptions
(Cooperative-Agreement, Cooperative-Assistance, Cooperative-
Clarification, Cooperative-Exclamation, Intrusive-Disagreement,
Intrusive-Floor taking, Intrusive-Competition, Intrusive-Topic
change, Intrusive-Tangentialization, Neutral Interruption,
Failed Interruption).

These categories are characterized by a description derived
from the application of the observational method as well as
from the previous works mentioned. Moreover, each definition
of the VoM categories is supported by the description of the
combination of acoustic parameters associated. Finally, a code
for each category is established (for a detailed description,
see “Appendix I. Description of the CMASP dimensions
and categories”).

Reliability Study of the CMASP

As shown in Table 1, results obtained at the overall, dimensional
and categorical level of the CMASP are all greater than or equal
to 0.81 in both psychotherapy session encodings, indicating an

almost perfect level of the intra-judge reliability (k > 0.81; Cohen,
1960). It is possible to notice that some categories are present
only in a psychotherapy session but not in the other one (e.g.,
Courtesies, Cooperative-Assistance); however, their scores show
an almost perfect agreement (i > 0.81) in the session in which
they were detected. Finally, some categories are not present since
they do not appear in either session (e.g., Direction, Temporizing,
Pure Negative Emotion). It does not represent a negative aspect
of reliability, but on the contrary, it means that the judge shows a
total agreement in not coding these categories in each session at
two different times.

As we mentioned above, the inter-judge reliability was
computed, at the global and dimensional level, through
Krippendorff’s Cc and, at the categorical level, as an average value
of all the Cohen’s kappa coeflicients derived from the four judge’s
encodings of the two psychotherapy sessions considered (220 and
283 speaking turns, respectively), for a total of 503 speaking turns
coded. As shown in Table 2, results obtained at the overall and
dimensional level of the CMASP are percentages greater than
or equal to 81%, indicating an almost perfect level of the inter-
judge reliability (Cc > 81; Krippendorff, 1980). At the categorical
level, percentages show an inter-judge agreement level which
varies between substantial (61% < k < 80%) and almost perfect
(k > 81%; Cohen, 1960). The categories detected by computing
the intra-judge reliability also appear in one session, but not in
the other one, by the inter-judge reliability computation. These
categories present an agreement level varying between substantial
(61% < k < 80%) and almost perfect (k > 81%) in the session
in which they were detected. Finally, the same categories not
detected by computing the intra-judge reliability computation
neither appear by the inter-judge reliability computation. Here
again, this expresses a total agreement by the four judges in not
coding these categories in either psychotherapy session.

The CMASP reaches from high to very high intra-and
inter-judge reliability for those categories expressing objective
aspects of communication (the VeM-Structural Form categories)
as well as for those categories based on the communicative
intent (the categories of the VeM-Communicative Intent,
VoM, and Interruption Mode dimension) which stimulate the
subjectivity of the coder.

CMASP Applications: Descriptive
Statistics of the Subscales Trend and an

Example of Coding

As it is possible to see in Table 3, by the application of the
CMASP on the 20 psychotherapy sessions (for a total of 6232
speaking turns), the VeM-Structural Form dimension shows
the highest percentage of codes indicating high participation in
communicative exchanges through speech contents with a clear
structure. Precisely, speakers mainly expressed verbalizations in
the form of statements (Assertion), recognition of the truth of
the other’s statements (Agreement) and requests for information
(Question). A high percentage of communicative intents (VeM-
CI) accompanied such structural forms, mainly characterized
by asking for/providing contents (Exploring), taking the other’s
viewpoint (Acknowledging), deepening contents (Deepening),
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TABLE 1 | Intra-judge reliability of the CMASP (N = 503 speaking turns).

CMASP 1st session (n = 220) 2nd session (n = 283) M SD
Overall 0.97 0.99 0.98 0.01
Verbal Mode-Structural Form (VeM-SF) 0.97 0.99 0.98 0.01
Courtesies (SF1) 1.00 TANC
Assertion (SF2) 0.93 0.98 0.96 0.04
Question (SF3) 0.94 0.97 0.96 0.02
Agreement (SF4) 0.93 0.99 0.96 0.04
Denial (SF5) TANC 1.00
Direction (SF6) TANC TANC
Verbal Mode-Communicative Intent (VeM-Cl) 0.93 0.98 0.96 0.04
Acknowledging (Cl1) 0.99 0.99 0.99 0.00
Informing (Cl2) 0.87 TANC
Exploring (CI3) 0.88 0.93 0.91 0.04
Deepening (Cl4) 0.70 0.95 0.83 0.18
Focusing (CI5) 0.69 0.95 0.82 0.18
Temporizing (CI6) TANC TANC
Attuning (CI7) 1.00 1.00 1.00 0.00
Resignifying (CI8) 1.00 0.92 0.96 0.06
Vocal Mode (VoM) 0.97 0.94 0.96 0.02
Reporting (VM1) 1.00 TANC
Connected (VM2) 0.91 0.93 0.92 0.01
Declarative (VM3) 0.96 0.91 0.94 0.04
Introspective (VM4) 0.71 1.00 0.86 0.21
Emotional-Positive (VM5) 0.91 0.90 0.91 0.01
Emotional-Negative (VM6) 0.95 0.66 0.81 0.21
Pure Positive Emotion (VM7) 1.00 1.00 1.00 0.00
Pure Negative Emotion (VM8) TANC TANC
Interruption Mode (IM) 0.91 0.96 0.94 0.04
Cooperative-Concurrence (IM1) 0.95 0.97 0.96 0.01
Cooperative-Assistance (IM2) TANC 1.00
Cooperative-Clarification (IM3) 0.83 0.95 0.89 0.08
Cooperative-Exclamation (IM4) TANC 1.00
Intrusive-Disagreement (IM5) 1.00 1.00 1.00 0.00
Intrusive-Floor taking (IM6) TANC 0.91
Intrusive-Competition (IM7) TANC 1.00
Intrusive-Topic change (IM8) TANC TANC
Intrusive-Tangentialization (IM9) TANC TANC
Neutral interruption (IM10) 0.94 0.80 0.87 0.10
Failed Interruption (IM11) TANC 0.89

TANC, Total Agreement in the Not Coded Category; the intra-judge reliability was computed through Cohen’s kappa (k); k: insufficient (lower than or equal to 0.60),

substantial (between 0.61 and 0.80), satisfactory (greater than or equal to 0.81).

Resignifying, and Attuning (even if at a lesser percentage).
It expresses the typical characteristics emerging in the initial
phases of psychodynamic psychotherapy, although the CMASP
brings added value since it is possible to integrate information
corresponding to co-occurrences of behavior in all dimensions.
During sessions, a fairly high percentage of VoM, spreading
the underlying intentions apart from the verbal content,
enriched speakers’ speech. Compared to the expressed content,
the voice of participants above all presented an elaborative
speech in connection to oneself and oriented to the other
(Connected); moreover, it transmitted positive/negative
emotional states (Emotional-Positive and Emotional-Negative),
positive non-verbal emotions (Pure Positive Emotions) and

expressed certainty and conviction (Declarative), filling contents
of new meanings.

Finally, the IM dimension shows the lowest percentage of
codes compared to the 6232 speaking turns considered. As
we mentioned, these modes represent an interactive aspect
of communication as violations of the other participants
communicative space by an interrupter. Therefore, such a
percentage do not indicate a negative aspect but, on the
contrary, it expresses good self-regulation and coordination
capacities of both participants during communicative exchanges.
Generally, participants interrupted to show concurrence
(Cooperative-Concurrence), neutrally take the floor (Neutral
Interruption), or intrusively develop the topic of the current
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TABLE 2 | Inter-judge reliability analysis of the CMASP (N = 503 speaking turns).

CMASP 1st session (n = 220) 2nd session (n = 283) M SD
Overall 93** 94** 93.50** 0.71%
Verbal Mode-Structural Form (VeM-SF) 95%* 95** 95.00%* 0.00**
Courtesies (SF1) 96* TANC
Assertion (SF2) 93* 92* 92.50* 0.01*
Question (SF3) 95* 94* 94.50* 0.01*
Agreement (SF4) 92* 95* 93.50* 0.02*
Denial (SF5) TANC 79*
Direction (SF6) TANC TANC
Verbal Mode-Communicative Intent (VeM-Cl) 87** 92+ 89.50%* 3.54**
Acknowledging (Cl1) 93* 97* 95.00* 0.03*
Informing (Cl2) 65* TANC
Exploring (CI3) 86* 86* 86.00* 0.00*
Deepening (Cl4) 75* 82* 78.50* 0.05*
Focusing (CI5) 79* 82* 80.50* 0.02*
Temporizing (CI6) TANC TANC
Attuning (CI7) 70* 90* 80.00* 0.14*
Resignifying (CI8) 100* 82* 91.00* 0.13*
Vocal Mode (VoM) 93** 87** 90.00** 4.24**
Reporting (VM1) 100* TANC
Connected (VM2) 87* 89* 88.00* 0.01*
Declarative (VM3) 75* 7r* 76.00* 0.01*
Introspective (VM4) 80* 100* 90.00* 0.14*
Emotional-Positive (VM5) 83* 85* 84.00* 0.01*
Emotional-Negative (VM6) 88* 61* 74.50* 0.19*
Pure Positive Emotion (VM7) 100* 100* 100.00* 0.00*
Pure Negative Emotion (VM8) TANC TANC
Interruption Mode (IM) 81** 92+ 86.50%* 7.78*%*
Cooperative-Concurrence (IM1) 89* 96* 92.50* 0.05*
Cooperative-Assistance (IM2) TANC 100*
Cooperative-Clarification (IM3) 100* 85* 92.50* 0.11*
Cooperative-Exclamation (IM4) TANC 100*
Intrusive-Disagreement (IM5) 8r* 83* 85.00* 0.03*
Intrusive-Floor taking (IM6) TANC 89*
Intrusive-Competition (IM7) TANC 100*
Intrusive-Topic change (IM8) TANC TANC
Intrusive-Tangentialization (IM9) TANC TANC
Neutral interruption (IM10) 93* 81* 87.00* 0.08*
Failed Interruption (IM11) TANC 90*

TANC, Total Agreement in the Not Coded Category; scores are expressed in percentage; *Inter-judge reliability through Cohen’s kappa («); **Inter-judge reliability through
Krippendorff’'s canonical agreement coefficient (Cc); k and Cc: insufficient (lower than or equal to 60%), substantial (between 61 and 80%), satisfactory (greater than or

equal to 81%).

speaker (Intrusive-Floor taking). Moreover, they interrupted
generating a battle to take the floor and express one’s speech
(Intrusive-Competition), or they could interrupt to understand
the other’s speech (Concurrence-Clarification).

The separate analysis of the CMASP categories aims to show
the trend of each categorical system within the instrument.
The integration of the communicative modes of the different
dimensions occur at the interpretative level according to the
values that these assume in line or not with the expected
distributions; this makes it possible to determine different
communication profiles that participants carry out. Assume that
a speaker 1 shows the following communicative modes that

are higher to the expected distribution: Assertion (VeM-SF),
Exploring (VeM-CI), and Emotional-Positive (VoM). Moreover,
assume that a speaker 2 shows the following communicative
modes that are higher to the expected distribution: Assertion
(VeM-SF), Exploring (VeM-CI), Emotional-Negative (VoM),
and Intrusive-Floor taking (IM). It is possible to notice that,
although both speakers use the same verbal communication
modes, non-verbal modes convey speech in different ways,
determining two distinct communication profiles. Speaker 1,
indeed, refers to a certain state of things (Assertion) by reporting
his/her inner experience (Exploring) that is modulated by a
positive emotional state (Emotional-Positive). Speaker 2, on the
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TABLE 3 | Descriptive statistics of the CMASP communicative modes on the
definitive sample (N = 6232 speaking turns).

CMASP f %
Verbal Mode-Structural Form (VeM-SF) 5748 92.23
Courtesies (SF1) 52 0.90
Assertion (SF2) 3299 57.39
Question (SF3) 752 13.08
Agreement (SF4) 1516 26.37
Denial (SF5) 80 1.39
Direction (SF6) 49 0.85
Not coded 484 7.7
Verbal Mode-Communicative Intent (VeM-Cl) 5171 82.97
Acknowledging (Cl1) 1275 24.66
Informing (Cl2) 196 3.79
Exploring (CI3) 2285 4419
Deepening (Cl4) 568 10.98
Focusing (CI5) 181 3.50
Temporizing (CI6) 26 0.50
Attuning (CI7) 227 4.39
Resignifying (CI8) 413 7.99
Not coded 1061 17.03
Vocal Mode (VoM) 3832 61.49
Reporting (VM1) 10 0,26
Connected (VM2) 1521 39.69
Declarative (VM3) 214 5.58
Introspective (VM4) 151 3.94
Emotional-Positive (VM5) 965 25.18
Emotional-Negative (VM6) 588 15.34
Pure Positive Emotion (VM7) 333 8.69
Pure Negative Emotion (VM8) 50 1.30
Not coded 2400 38.51
Interruption Mode (IM) 1144 18.36
Cooperative-Concurrence (IM1) 314 27.45
Cooperative-Assistance (IM2) 32 2.80
Cooperative-Clarification (IM3) 83 7.26
Cooperative-Exclamation (IM4) 18 1.67
Intrusive-Disagreement (IM5) 50 4.37
Intrusive-Floor taking (IM6) 185 16.17
Intrusive-Competition (IM7) 94 8.22
Intrusive-Topic change (IM8) 19 1.66
Intrusive-Tangentialization (IM9) 3 0.26
Neutral interruption (IM10) 286 25.00
Failed Interruption (IM11) 60 5.24
Not coded 5088 81.64

other hand, interrupts intrusively to take the floor (Intrusive-
Floor taking IM) reporting his/her inner experience filled with
negative emotions (Emotional-Negative).

Considering that each patient assumes an interactive role with
his/her therapist and that for each one it is possible to detect
the specific communicative modes, it results that we can have
a detailed and “individualized” profile for the patient, therapist,
and their unique interaction.

It is important to underline that some speaking turns
were not coded due to the sensitivity of the classification
system in coding certain communicative behaviors (e.g., VoMs

cannot be detected in a speech less than 2 s). Moreover,
some categories showed a lower percentage than others, not
because they were not present, but because the CMASP
attributes a predominant communicative mode to a speaking
turn for most of the dimensions (VeM-SE, VeM-CI, VoM). As
we mentioned, this classification system micro-analyzes each
speaking turn which can be segmented when changes occur in
the communicative modes. Therefore, although these categories
(e.g., Courtesies, Denial, Direction, Temporizing, Reporting)
could occur in a segment at a micro level, the attribution
of the predominant category decreased their probability of
being coded at a speaking turn level. On the contrary, other
categories (e.g., Pure Negative Emotion, Cooperative-Assistance,
Cooperative-Exclamation, Intrusive-Topic change, Intrusive-
Tangentialization) could present a lower percentage, although not
being based on the predominance coding procedure, due to the
specific characteristics of the communicative interactions with
depressed patients.

Hereunder, we present an example of the CMASP coding
to show its capability to analyze the complexity of the
psychotherapeutic exchange and giving information about the
psychotherapy process (Table 4). Such a segment is extrapolated
from the second session of psychodynamic psychotherapy,
belonging to the final sample of seven cases, and it is related
to communicative exchanges between a male patient with
depressive symptomatology and the female therapist.

A trained coder, using both the audio recording and the
verbatim transcript, realized the classification of patient and
therapist’s verbal and extra-linguistic communicative modes.
Following the coding manual, he used the verbatim transcript
to detect the different structural forms and communicative
intents of verbal modes turn-by-turn. Moreover, he employed the
transcript as support to note the extra-linguistic modes, emerging
in each therapist and patient’s speaking turn, detected by a careful
listening of the audio recording. If two or more communicative
modes of the same CMASP dimension occurred in a speaking
turn, the coder assigned the predominant one according to the
coding rules of the manual.

Table 4 represents an illustration that shows the added value
of the CMASP by integrating the information from several
components. As it is possible to notice, in speaking turn no.
195 and no.197, the therapist asks for information (VeM-SF:
Question) with the intent of deepening (VeM-CI: Deepening)
“stimulated” by the patient’s previous speech. The therapist
expresses this through a positive emotion (VoM: Emotional-
Positive) in speaking turn no. 195 since her speech affects
the listener as filled with curiosity. According to the coding
procedures, the CMASP cannot code VoMs in speaking turns
less than 2 s unless they express emotional states. In speaking
turn no. 195, therapist pauses her speech for a moment arousing
uncertainty in the patient about her intention to continue to
speak. Consequently, in speaking turn no. 196, the patient starts
to speak without a real interruption (IM: Neutral interruption)
to recognize the truth of the therapist's statement (VeM-SF:
Agreement). He modulates his speech through a laugh (VoM:
Emotional-Positive), synchronizing with the positive emotional
state expressed by the therapist. In speaking turn no. 197, faced
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TABLE 4 | lllustration of the CMASP coding.

Turn Role Transcription Audacity® sound wave VeM-SF VeM-ClI VoM IM
195 T When did you Question Deepening Emotional-Positive /

sister. . ...(pause)// (<2")
196 P //Nes, exactly (laugh)//(<2") - Agreesment / Emotional-Positive Neutral interruption
197 T //grow up? (<2”) - Question Deepening / Intrusive-Floor taking
198 P Yes, we are also 5 years apart, Assertion Exploring Emotional-Positive /

so0 when she got older, | started

to get.. .. to be. . .to grow up

me too and so to get

impossible and all the rest of it.

T, Therapist; R, Patient; VeM-SF, Verbal Mode-Structural Form; VeM-CI, Verbal Mode-Communicative Intent; VoM, Vocal Mode; IM, Interruption Mode. /, indicates the
not-coded communicative behaviors. //, indicates the speaking turn interruption. (<2"), indicates speech less than 2 s.

with such communication of agreement supported by positive
emotion, the therapist intrusively interrupts the patient to regain
the floor (IM: Intrusive-Floor taking) with the intent to continue
her question about the previous speech (VeM-SF: Question;
VeM-CI: Deepening). In speaking turn no. 198, the patient starts
to speak in a coordinated way, referring to a certain state of things
(VeM-SF: Assertion), to provide the information required by the
therapist and giving new contents in the form of past experiences
(VeM-CI: Exploring).

Such a speaking turn would be segmented due to the
initial structural form of agreement (“Yes”). However, Assertion
represents the predominant VeM-SF expressed by the patient for
the rest of the speech and, for this reason, it can be attributed
as the only code to the entire speaking turn. Finally, when the
patient talks about his adolescence and the relationship with the
sister, his speech affects the listener of the therapeutic exchange
as filled with tenderness (Emotional-Positive).

The segment shows positive communicative exchanges
between the therapist and the patient in which the two
participants are emotionally synchronized. The previous patient’s
speech stimulates the emerging of a positive emotional state in
the therapist which, at the same time, transmits to the patient the
recognition of his experience and sustains the therapist herself in
deepening the content referred. In turn, the patient emotionally
and cognitively recognizes what the therapist expresses in the
therapeutic relationship and transmits receptiveness to this last
one. All this generates a climate of sharing and closeness which
enables the therapist to reach the internal reality of the patient
who, in turn, feels understood and supported in exploring
his experience. In this case, the emotional climate helps the
patient to get in touch with his emotions and legitimates him to
attribute new meaning to his internal world through the sharing
with the therapist. Instead, the disruptive interruption of the
therapist sustains the patient in maintaining the emotional and
relational balance, representing a typical problem of patients with
depressive symptoms.

This illustration represents an example that shows the
capacity of the CMASP to provide multiple and concurrent

information about the intersubjective processes implemented
by the therapist and patient during communicative exchanges.
What emerges is a multi-level complexity in which the
mutual regulation process occurs according to multiple and
simultaneous directions (verbal-verbal, verbal-non-verbal, non-
verbal-verbal, non-verbal-non-verbal). All this allows us to
comprehend that these aspects of communication (content,
voice, and interruptions) interweave during the co-construction
of the therapeutic interaction and they cannot be considered as
independent elements. Naturally, the complexity and dynamicity
of the psychotherapeutic exchange make difficult the complete
knowledge of what occurs within the psychotherapy setting, but
the CMASP provides a deeper understanding of the internal
reality of each participant and their mutual regulation during
the psychotherapy session. Therefore, as an integrated system,
the CMASP enables the professionals and researchers to obtain
consistent information about some fundamental components of
communication and the way they affect the co-construction of
meanings and orient the psychotherapy process.

CONCLUSION

The purposes of this study were, on the one hand, to introduce
the building of the Communicative Modes Analysis System in
Psychotherapy (CMASP) and its constituent dimensions and
categories underlining its ability in detecting and coding multiple
aspects of communication in psychotherapy simultaneously and,
on the other hand, presenting its early reliability psychometrics
for both inter-and intra-rater values. Inspired by the process
of convergence of natural and human science, we developed
the CMASP to overcome the limits of the psychotherapy
research -which investigates and theorizes the components
of communication as in polar opposition- and trying to
interpret some fundamental elements of therapeutic exchanges
(verbal, vocal, and interruption behaviors) as an integrated and
interactive system through a comprehensive theory, derived from
the linguistic field.
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As the CMASP is developed within the mixed methods
framework by building a qualitative system that is quantitized
(Sandelowski et al., 2009), it shows an increased incremental
validity which ensures the qualitative/quantitative dimensions of
functioning. The structure of the CMASP as a coding system
applicable to both therapist and patient, as well as the possibility
of detecting a predominant encoding at a speaking turn level,
allow overcoming the limits of many instruments and realizing
comparative and sequential analysis of communicative modes
implemented by both participants during the psychotherapy
process, increasing the knowledge about their evolution. In
particular, the instrument permits to classify verbal and non-
verbal aspects connected to the effectiveness of psychotherapy
and identifying the communication profiles that contribute to the
process of change in patients.

Given its high reliability at the global, dimensional,
and categorical level, the CMASP represents an effective
instrument providing researchers and professionals with a single
classification system, able to give multiple and concurrent
information about patient-therapist communicative exchanges
and their evolution during a psychotherapy session. Moreover,
given its flexibility, this classification system allows focusing the
knowledge on a specific area of communication. Precisely, the
instrument can be used as a single system permitting to monitor
simultaneously verbal and non-verbal changes bound up with
psychotherapy, especially when it is applied together with other
instruments (e.g., self-reports, clinical reports) to improve the
incremental validity of the effectiveness measure. Alternatively,
as the verbal and non-verbal dimensions of the CMASP can also
be applied separately, the instrument can provide an objective
measure of change -starting from the qualitative modes of
relational exchange- in case of disorders (depression, ADHD,
BPD) with marked non-verbal behaviors.

On the one hand, it could represent a useful instrument for
researchers to increase the knowledge about what is occurring
within the psychotherapy process reducing its complexity
and, on the other hand, it could support the clinician in
comprehending the patient functioning and improving the
interventions tailored to each specific therapeutic interaction.
Concerning to researchers, for example, the CMASP could
allow them to deepen the knowledge about the interaction of
communicative modes with other constructs (e.g., therapeutic
alliance, attachment patterns), or different disorders (e.g.,
anxiety, eating disorders), or changes in patients symptoms
after and before the treatment. Concerning the clinicians, our
final purpose would be to provide them with an instrument
they will be able to internalize with practice, without the need
for the physical support of audio recordings and verbatim
transcripts, integrating it with their skills for sustaining the
interaction with the patient and the psychotherapy process.
For example, by recognizing the non-verbal communication
underlining the expressed content (e.g., an elaborative speech,
a positive emotional state, an interruption to clarify or to
disrupt), the clinician may draw information about the coherence
between the verbalized content and non-verbal modes associated,
about the patients resistance, or the internalized meaning
he/she expresses behind and with words. In this way, the

clinician can calibrate with more efficacy his/her intervention
toward the patient.

Based on decades of studies on communication in the field of
psychotherapeutic research, the CMASP attempts to contribute
to understanding the complexity of this field by deepening
the dynamic process of co-construction of meanings during
patient-therapist communicative exchanges. The development
of such a classification system showed the difficulty in coping
with methodology problems in the communication study. These
preliminary results come from the application of coding and
counting approaches belonging to the tradition of research on
communication, but we aim to integrate these as a part of a
system in interaction in future studies (Perikyld, 2004).

Firstly, since this paper is an early introduction of the
classification system building and its psychometric properties,
we aim to focus on its validation in future research. Moreover,
convergent and discriminant validity studies are not available,
but the CMASP segmentation procedure -elaborated through
the CIS-R one- will allow performing correlational studies of
validity between the communicative modes and the therapeutic
alliance as well as internal correlation analyses among the
categories, in future research. Finally, even though some
categories of the CMASP show a low percentage, this is not
a negative aspect as it may be due to the specificity of
the sample (patients with depressive symptomatology), on the
contrary, it provides information about the communicative
characteristics of certain types of psychotherapeutic interactions,
increasing the knowledge on this type of patients. Given the
instrument flexibility, we aim to extend its application to other
psychotherapy sessions, patients and, mostly, disorders. It is
possible, for example, that a category like VOM-Declarative, with
a low percentage in depressed patients, could characterize other
types of disorders (e.g., narcissistic patients) predominantly.

Although the CMASP seems to solve the problem of
understanding the communicative exchanges in psychotherapy
through the pragmatic function of language as a global theory -
increasing knowledge about what occurs during the interaction
between the patient and therapist- the insubstantiality of certain
distinctions between verbal and non-verbal aspects makes
further studies necessary from an interdisciplinary standpoint.
The CMASP development was based on the observation of
psychotherapies conducted by just one therapist. At first,
such a choice was made to reduce variability in the pilot
research, but we know this decision could affect data because
of the personal style of the therapist, or biases, or the
individual communicative trends. For these reasons, in future
research, it would be useful to consider the observation
of more therapists to extend, improve and confirm the
communicative modes analyzed. Furthermore, we observed only
psychotherapies conducted by a female therapist. In future
research, it would also be useful to observe psychotherapies
conducted by a male therapist to verify if gender may affect
the use of specific communicative modes (e.g., to examine if
a female therapist may use more emotional communicative
modes than a male therapist). We selected patients according
to depressive symptomatology, but the purpose for future
research is to extend the CMASP application to other types
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of disorders (e.g., anxiety, emotional dysregulation, obsessive-
compulsive behaviors, eating disorders and so on) for creating
a diagnostic classification system with established norms, or
trends, for each diagnostic category. Finally, it would be
useful to integrate the observation of video recording to
extend the richness of communication in psychotherapy with
other non-verbal components (e.g., facial expression or body
movement observation).
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The first step in a behavioral study is represented by the organization of a suitable
ethogram, that is, a formal description of individual components of the behavior. Then,
each component of such a behavioral repertoire can be quantified (e.g., how many
times it occurs, its duration, percent distribution, latency, etc.). However, it is our
contention that the possibility to describe the behavior of a living being by means of
hundreds or even thousands of numbers concerning isolated components, disjointed
from the comprehensive behavioral architecture, does not imply the possibility to use
those numbers to reconstruct the meaning of behavior. Such a level of comprehension
requires a qualitative approach based on the analysis of behavioral structure and its
underlying dynamics. By means of synergic utilization of quantitative and qualitative
data a more complete description of a given behavior becomes available. In present
study we discuss results obtained from observations of feeding behavior in two groups
of male Wistar rats: a control group, under standard diet, and a second group,
under hyperglycidic one. Results have been presented both in terms of quantitative
evaluations and in terms of structural/qualitative ones, the latter obtained by means
of T-pattern detection and analysis. As to quantitative results, mean durations showed
a significant reduction of Walking and Feeding and an increase of Hind-Paw Licking
and Body Grooming; concerning mean occurrences, a significant increase of Front-
Paw Licking, Hind-Paw Licking, and Body Grooming was present; percent distributions
showed significant reductions for Walking and Feeding and a significant increase for all
grooming activities. As to qualitative assessments, T-pattern analysis unveiled a clear-
cut behavioral reorganization induced by the hyperglycidic diet. If on the one hand,
50 different T-patterns were detected in subjects under standard diet, on the other
hand, 703 different T-patterns were discovered in animals under hyperglycidic treatment,
with a highly significant increase of mean lengths and a significant reduction of mean
occurrences of T-patterns. Synergic evaluation of results in terms of quantitative and
qualitative aspects shows, in rats fed with hyperglycidic diet, an increased anxiety
condition, likely dependent on food-related stimuli and suggestive of a pervasive
craving-related behavior.

Keywords: feeding behavior, standard diet, hyperglycidic diet, T-pattern analysis, TPA, rat
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INTRODUCTION

The word “diet” comes from the ancient Greek diatta, meaning
“way of life.” Such a simple notion of etymological order is
enough to understand the crucial role of nutrition in our daily
life. However, human approach to nutrition, over the centuries,
has moved from simple aspects related to survival to the point
of representing, today, an instrument of personal satisfaction,
often leading to unhealthy habits. When a person follows an
incorrect diet it means that his food intake is not balanced,
with some nutrients lacking, and others in excess. Examples
in this sense abound. It is sufficient, for instance, to think of
the typical menu of modern fast-food restaurants, extremely
rich in salts, sugars, fats and, consequently, calories. The World
Health Organization [WHO] (2018) clearly underlines how,
today, there are almost 2 billion adults in the world, over
the age of 18 or over, overweight. Of these, more than 600
million are obese or severely obese. The situation is even more
dramatic if these already large numbers are added to the 38
million children under 5 years old who are overweight or obese
(World Health Organization [WHO], 2018). Unfortunately, the
problem of overweight and/or obesity is not only aesthetic. It
is very well known, indeed, that an unhealthy diet increases the
risk of developing numerous diseases such as those affecting
cardiovascular, endocrine and osteoarticular systems; notably,
a significant correlation between the intake of specific foods
and the onset of certain types of cancer has been suggested
as well (Scarborough et al.,, 2011; World Health Organization
[WHO], 2018). It goes without saying that the social economic-
burden related to diseases resulting from an unhealthy diet is,
simply stated, incalculable (Scarborough et al., 2011). A problem
studied with increasing attention only in relatively recent times
concerns the relationships between addiction and nutrition. Food
addictions, just like those related to substances of abuse, are
dramatically common and ever-increasing (O’Brien, 2003; Sobik
et al., 2005). In this context carbohydrates have a particularly
important position. Nutritionists know well, concerning humans,
that a hyperglycidic diet can neither be proposed nor tolerated
because it has devastating effects on the body’s insulin levels with
serious effects, in the long run, involving various organs and
systems, including the central nervous system. Carbohydrates,
taken indiscriminately and excessively, induce a perennial hunger
that forces them to eat continuously, in a real state of metabolic
dependence (Braga, 2010). Beyond the purely metabolic aspects,
even from the behavioral point of view, an unbalanced high-
carbohydrate diet induces important behavioral changes that
have the connotations of a real addiction. This is true not only
for human beings, but also it has been demonstrated in rats
(Grimm et al.,, 2007). Aim of the present paper is twofold: first,
to compare possible differences between rats under normal and
hyperglycidic diet; second, to show the usefulness of a synergic
utilization of quantitative and qualitative analyses in providing
a more complete description of the studied behavior. To these
purposes, sixteen male Wistar rats, divided into two groups, fed
with two different diets (standard and hyperglycidic) and tested
in an open field (OF) with free access to food and water, were
analyzed. As to the above-mentioned joint use of quantitative

and qualitative assessments, it is important to underline that,
by definition, the so-called “mixed methods” (Anguera et al,
2018) refer to a synergic utilization of both quantitative
and qualitative data, in the same research project, aimed at
describing a given phenomenon in a more comprehensive way
(Onwuegbuzie and Leech, 2010; Anguera et al., 2018). The
utilization of these approaches orbits around the study of human
behavior (Johnson et al., 2007). Of course, when animal behavior
is analyzed the situation radically changes. In the following
section, a brief overview of our perspective on this subject
will be presented.

MATERIALS AND METHODS

Quantitative and Qualitative Approaches
in the Study of Rat Behavior

The behavior of a living being is structured on the basis of events
flowing in time. The first and most obvious question of the
researcher in the field of behavioral sciences, in both humans and
non-humans, is how to study these events. Figure 1 represents
a series of hypothetical behaviors during a given observation
time window. In this figure, a first and intuitive assessment is
to count the number of behaviors, thirty in this example; it
follows the possibility to build a distribution of occurrences, then
a percent distribution for each behavioral component etc. The
quantification of the observed phenomena, in this case, a string
of events on an axis, is an intuitive step that the researcher in
the field of behavioral sciences performs and, more generally, it
is a typically human approach to interface with reality. Imagine
a table with scattered pencils on it: the first and most obvious
evaluation is the numerical one. How many? Then, you could
count how many of a color and how many of another color etc.
How many of us, seeing objects on a table, would consider how
do they relate to each other?

Quantitative is that approach which, by its own nature,
provides numerical measures concerning the object studied
(Onwuegbuzie and Leech, 2010; Casarrubea et al., 2017c). In
behavioral terms, a purely quantitative approach will be able to
answer important questions concerning, for example, how many
behaviors of a given type occur, their duration, their percent
distribution, which behavior is more frequent, which the least
frequent etc. Figure 2 presents, in quantitative terms, the string
of events illustrated in Figure 1. Undoubtedly, these numbers
provide the reader with a great sense of exhaustiveness. However,
it should be noted that a characteristic of the data shown in
Figure 2 is the lack of the slightest information inherent possible

xka eyb fcg xhabe cfagh xc h aebcfbg h

T0 Time Tx

FIGURE 1 | Short string of 30 hypothetical behavioral components (letters)
occurring during a given TO-Tx time window (X-axis). Two hidden sequences
are present. Even so, albeit the amount of components is small, the detection
of such sequences is an extremely difficult task.
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relationships between the various events. In other words, these
quantities describe behaviors isolated from each other, separated
from what is, actually, the real behavioral architecture and its
intrinsic qualities. This is not different from classifying all the
single pieces of a puzzle missing the comprehensive picture. The
functional meaning of a behavior, i.e., the study of the existing
interplay between an animal and the context, is a picture lying in
its intrinsic structural features.

Qualitative is that approach that tends to magnify the
properties of the investigated object by studying “phenomena

in their natural setting” (Onwuegbuzie and Leech, 2010).
In behavioral terms, a qualitative approach is able to shed light
on aspects such as, for example, the greater or lesser complexity
of a behavior, its variability, its coherence in accordance with
the context, etc. Taking into consideration Figure 3, the bottom
line of both panels is identical to that shown in Figure 1.
However, two sequences (a-b-c) and (e-f-g-h) are present and
well appreciable only if the “background noise” of the other
elements is removed or, in any case, reduced (Figure 3, gray
letters). This very simple example raises an equally simple

[ Gomponent [l Occurrences |

@ 4 3.33% :
b 5 10% wee 13.33%
c 4 4
e 3 k
£ 3 3.33%__
ﬁ 3 h ‘ b
. i 10% | . 16.67%
X 3
y 1
g
10%
30
3.00 j \
1.25 10% e
0.39 10%

FIGURE 2 | Example of quantitative approach to the analysis applied to the string of 30 hypothetical components showed in Figure 1. Columns on the left show all
the components in terms of their occurrences, total occurrences, mean occurrences, SD and SE. The pie chart shows the percent distribution of each component.

Percent distribution

Yy

A

/] r M .

acvb c abc c'acb ¢ acbc
xka eyb fc g x habe cfagb xc h aebcfbgh>
B

[ 1 | 1 F“T_l_l l_'_ﬁ'l'l

e fig hie of h e f.gh

xka eyb fcg xhabe cfagb xc h aebcfbg h

FIGURE 3 | Example of a qualitative approach to the analysis of the string of 30 hypothetical components showed in Figure 1. Bottom strings in both panels
represent the same sequence illustrated in Figure 1 by removing “background noise” events, two sequences a-b-c (panel A) and e-f-g-h (panel B) become evident.
Concerning quality, three different issues can be mentioned here namely: Complexity (sequence in B more complex than A), Recursivity (sequence in A more
recursive than B) and Variability (when two or more subjects are compared, the behavior of one can be considered more variable if more different sequences are

performed).
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question: what is the meaning of these recurring patterns? The
simplest way to answer this question is: emerging phenomena
characterized, as such, by qualitative aspects that cannot be
inferred from the single structural elements that compose them.
These structures, called “T-patterns,” find their raison d’étre in the
distances between the various events in sequence: time distances,
statistically evaluated, which make each of these sequences
relatively self-similar (Casarrubea et al., 2015; Magnusson, 2016).
A more detailed description of T-pattern detection process
will be presented in Section “Data Analysis”. Concerning
above-mentioned qualitative features, various aspects could be
highlighted. First, even at a very first glance it appears evident
that T-pattern in panel B does contain more events in sequence
than T-pattern in panel A. Hence, it is possible to state that
the four events T-pattern on the bottom is more complex. On
the contrary, T-pattern in panel A does occur more often than
T-pattern in B. Thus, behind this perspective, it is possible
to state that T-pattern A is more recursive. Finally, when two
or more subjects are compared, the behavior of one can be
considered more variable depending on the number of different
T-patterns performed (for example, subject #1 presents 5 different
T-patterns, subject #2 presents 10 different T-patterns). It is
important to underline that the three qualities above mentioned,
namely, complexity, recursivity and variability have meanings
only if relationships among events in sequence are considered
because, simply stated, they do arise from structural features
of the behavior.

Animals and Housing

Sixteen male Wistar rats (Harlan Laboratories, Italy) were used.
At their arrival, all rats were fed for 1 week with standard (55%
carbohydrates) pellets (Mucedola, Italy). Then, animals were
randomly divided into two groups, each group encompassing
eight subjects. Standard laboratory pellets and water were freely
accessible for the first group, used as a control; hyperglycidic (70%
carbohydrates) pellets (Mucedola, Italy) and water were freely
accessible for the second group. All subjects were housed in a
room maintained at 23 £ 1°C with the light on 07:00 a.m. and
oft 07:00 p.m. They were tested, after 1 month of standard or
hyperglycidic diet, when they were 2 months old.

Experimental Apparatus

Apparatus consisted of a circular (¢ 35 cm) open-field (OF)
arena made of white opaque Plexiglas with two openings, through
which the rat could have free access to a pellet box and a spout
for dispensing water. An outline of this experimental apparatus is
presented in Figure 4. Animal’s behavior was recorded through
a digital camera (Toshiba HD-DV camcorder P10) placed in
front of the OF and video files stored in a personal computer for
following analyses.

Procedure

Animals were transported from the housing room to testing
room within their home cages. In the testing room, to avoid
possible visual and olfactory influences, all subjects were allowed
to acclimate for 30 min far from observational apparatus. The
temperature in the testing room, where the OF was placed, was

maintained equal to the temperature in the housing room. Each
animal, experimentally naive, was placed in the OF allowed
to freely explore for 60 min and observed only once. After
each observation, OF apparatus was carefully cleaned with ethyl
alcohol (70%). Procedural details described in this section were
carried out on the basis of our protocols (Casarrubea et al.,
2011a,b, 2016b, 2017a,b).

Data Analysis

The ethogram presented in Table 1 is based on behavioral
categories previously employed (Casarrubea et al., 2009, 2011a,
2017b; Santangelo et al., 2017, 2018). It encompasses: Walking
(Wa), climbing (Cl), immobile sniffing (IS), feeding (Fe), focused
sniffing (FS), drinking (Dr), front-paw licking (FPL), hind-paw
licking (HPL), face grooming (FG), body grooming (BG), and
immobility (Im). The behavior of each subject was annotated
by means of a software tool (The Observer, Noldus Information
Technology bv, Netherlands) and event log files were generated
for each subject. Event log files were then processed using
Theme (PatternVision Ltd., Iceland), a computer program able
to detect sequences of events on the basis of the existence of
statistically significant constraints on the intervals separating

FIGURE 4 | Outline of the experimental apparatus.

TABLE 1 | Ethogram of rat behavior.

Walking (Wa)
Climbing (Cl)

The rat walks around sniffing the environment
The rat maintains an erect posture leaning against
the Plexiglas wall

Immobile Sniffing (IS) The rat sniffs the environment firmly standing on the
ground

Feeding (Fe)
Focused Sniffing (FS)

Drinking (Dr)

Front Paw Licking (FPL)
Hind Paw Licking (HPL)
Face Grooming (FG)
Body Grooming (BG)

Immobility (Im)

The rat eats from an apposite pellet-box

The rat sniffs the border of the feeding pellet-box
without inserting the head inside

The rat drinks from an apposite water-pipe
The rat licks or grooms its forepaws

The rat licks or grooms its hind paws

The rat rubs its face with the forepaws

The rat rubs the body combing the fur by fast
movement of the incisors

The rat maintains a fixed posture
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them (Magnusson, 1996, 2000, 2016; Casarrubea et al., 2015).
In brief, given a distribution of events occurring within a TO0-
Tx observation period (Figure 3A, bottom row events, near
X-axis) the program compares the distributions of each pair of
the behavioral events “a” and “b” searching for a time window
so that “a” is followed by “b” within that time interval. If this
condltlon between event “a” and event “b” does occur, a two-
event first level T-pattern, namely (a b), is detected (Figure 3A,
upper row events); in a second step such first level T-pattern
is considered as “a” or “b” terms for the detection of higher
order temporal patterns, e.g., ((a b) ¢)...and so on (Figure 3A,
upper row events). A more detailed description of theories
and concepts concerning T-pattern detection and analysis can
be found in our previous articles (Casarrubea et al, 2013,
2016a, 2017a), in two reviews (Casarrubea et al., 2015, 2018)
or in our book (Magnusson et al.,, 2016). On the basis of our
previous studies (Casarrubea et al., 2011a,b, 2016b, 2017a,b) the
following parameters were analyzed: (1) mean duration (in sec)

of behavioral components; (2) mean occurrences of behavioral

components; (3) percent distribution of behavioral components;
(4) number of different T-patterns detected for each group both
in real and random generated data; (5) length distribution of
T-patterns; (6) mean length of T-patterns detected; (7) mean
occurrences of T-patterns detected and (8) percent distribution
of T-patterns including each components of the behavioral
repertoire; (9) structure of all the different T-patterns detected for
each group (strings).

Statistics

As to quantitative evaluations, possible significant outcomes
concerning mean frequencies and mean durations between
groups were assessed using Student’s t-test for independent
samples; percent distribution of behavioral components in both
groups were compared used Chi-square test. As to T-pattern
analysis, albeit each detected sequence implies an underlying
significant relationship among the events in pattern, in data
with thousands of events an exceptionally high number of
possible relationships exists. Such an aspect could raise the
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and hyperglycidic group, as revealed by Student’s t-test for independent samples, *p < 0.05. Wa, walking; Cl, climbing; IS, immobile sniffing; Fe, feeding; FS,
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issue of whether the T-patterns are detected only by chance.
Theme deals with such an important issue by repeatedly
randomizing and reanalyzing the original data, using the
same search parameters utilized in the detection process
carried out in the real data. Then, the mean number of
T-patterns of each length identified in the randomized data
is compared with that obtained from the original data. Mean
length and mean occurrences of T-patterns between the two
groups were compared using Students t-test. Finally, the
percent distribution of T-patterns containing each component
of the behavioral repertoire was compared using the Chi-
square test.

Ethics Statement

All efforts were made to minimize the number of animals used
and their suffering. Experimental procedures were conducted in
accordance with the European Communities Council Directive
(2010/63/EU) and approved by the official Veterinary Committee

RESULTS

Quantitative Results

Mean durations of each component of the behavioral repertoire
are represented in Figure 5. Comparison of subjects under
standard vs. hyperglycidic diet showed significant changes for
Wa (t14 = 2.468; p < 0.05), Fe (t14 = 2.206; p < 0.05), HPL
(t1a = —4.941; p < 0.0001), and BG (t;4 = —3.375; p < 0.005).
Remaining components were: Cl (t;4 = —0.237; p = 0.816),
IS (f14 = 1.184; p = 0.256), FS (t14 = 0.779; p = 0.449), Dr
(t1a = —1.066; p = 0.304), FPL (t;4 = —1.534; p = 0.147), FG
(t14 = —1.737; p = 0.104), and Im (t14 = 0.430; p = 0.674).

Mean occurrences of each component of the behavioral
repertoire are represented in Figure 6. Significant differences
were detected for FPL (f4 —2.301; p < 0.05), HPL
(t14 = —4.520; p < 0.0001), and BG (t14 = —2.847; p < 0.05).
Remaining components were: Wa (f14 1.409; p = 0.181),
Cl (t14 = —0.269; p = 0.792), IS (t;4 = —0.530; p = 0.604),
Fe (t14 = 0.537; p = 0.61), FS (t;4 = —0.706; p = 0.492), Dr
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standard and hyperglycidic group, as revealed by Student’s t-test for independent samples. Wa, walking; Cl, climbing; IS, immobile sniffing; Fe, feeding; FS, focused
sniffing; Dr, drinking; FPL, front-paw licking; HPL, hind-paw-licking; FG, face grooming; BG, body grooming; Im, immobility. Data obtained from the analysis of

121p piepuels

=
<
T
(]
o
<
o
o
o
o
(1]
-+

Frontiers in Psychology | www.frontiersin.org

59

April 2019 | Volume 10 | Article 881


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

Casarrubea et al.

Hyperglycidic Diet and Rat Behavior

(t14 = —1.959; p = 0.07), FG (t14 = —1.837; p = 0.088), and Im
(t1a = —0.986; p = 0.341).

Percent distributions of behavioral components are
represented in Figure 7. Chi-square test revealed significant
reductions for Wa (p < 0.0001) and Fe (p < 0.005); significant
increases have been detected for FPL (p < 0.005), HPL
(p < 0.0001), FG (p < 0.005), and BG (p < 0.0001).

Temporal Patterns of Behavior

Fifty different T-patterns were detected in subjects under
standard diet, and 703 in animals under hyperglycidic diet.
On the basis of their length, T-patterns in both groups were
distributed as follows. In the standard diet group, 31 different
T-patterns encompass two events, 18 three events and 1 four
events (Figure 8, upper panel). In subjects under hyperglycidic
treatment, 36 T-patterns contain two events, 46 three, 60 four,

Standard diet

Im Wa
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FG ‘ C'g
265% /,,,J.97 o
HPL
3.42%
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6.42% Dr_
.32% /
0.32% <
FS ‘ . 31.02%
9.07% e
2.96%
Hyperglycidic diet
Im Wa * a
15.47% 5.91% /ﬁ6.98%
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FIGURE 7 | Percent distribution of each component of the behavioral
repertoire in rats under standard and hyperglycidic diet. *p < 0.05 difference
between standard and hyperglycidic group, as revealed by the Chi-square
test. Data obtained from the analysis of sixteen subjects. Wa, walking; Cl,
climbing; IS, immobile sniffing; Fe, feeding; FS, focused sniffing; Dr, drinking;
FPL, front-paw licking; HPL, hind-paw-licking; FG, face grooming; BG, body
grooming; Im, immobility. Data obtained from the analysis of sixteen subjects.

70 five, 78 six, 111 seven, 98 eight, 93 nine, 50 ten, 39 eleven,
16 twelve, 5 thirteen and, finally, 1 T-pattern has fourteen events
in sequence (Figure 8, bottom panel). The comparison between
the mean number of T-patterns detected in random data (mean
value obtained on the basis of n = 5 random runs) vs. real data
showed a significantly higher number of T-patterns in real data
(Figure 8, white bars).

Concerning mean length of T-patterns, a highly significant
increase was detected in hyperglycidic group, in comparison
with the standard one (t75; = 12.502, p < 0.0001) (Figure 9);
concerning mean occurrences of T-patterns, a highly significant
reduction was detected (t751 = —12.399, p < 0.0001) (Figure 10).

Overall, in subjects under standard diet, the 50 different
T-patterns occurred 7475 times, while in rats under hyperglycidic
diet the 703 different T-patterns occurred 20148 times. In the
Supplementary Table S1, the complete results of T-pattern
detection for both groups are shown.

Finally, as to per cent of T-patterns containing at least one time
each component of the behavioral repertoire in sequence, Chi-
square test revealed highly significant (p < 0.0001) differences
between the two groups, for T-patterns containing Wa, Cl, IS, Fe,
FS, FPL, BG, and Im (Figure 11).

DISCUSSION

Behavioral studies, during the last decades, have been somewhat
conservative in the renewal of their approaches. In fact, even
a simple search through a common scientific database, with
thousands of published papers so far, will show how purely
quantitative evaluations have been, by far, preferred in data
analysis and description of the results. The aim of this work is
to show how, through the synergistic use of a quantitative and
qualitative approach, it is possible to appreciate a much more
complete portrayal of behavior and make available points of view
and facets otherwise not deducible from the use of a purely
qualitative or purely quantitative approach.

Quantitative Assessments

Overall, all data concerning quantitative assessments (Figures 5-
7), e.g., durations, frequencies and percent distributions show
that the hyperglycidic diet induces an important change
especially in grooming-related behaviors, ie., FPL, HPL, and
BG. In addition, Wa and Fe were reduced both in terms of
duration and of percent distribution in subjects treated with
the hyperglycidic diet. These results find support in scientific
literature as it is very well known that rats under hyperglycidic
diet develop a metabolic syndrome associated with severe
anxiety-like behavior (Reddy et al, 2016; Rebolledo-Solleiro
et al,, 2017). Consistently, changes in subject’s anxiety condition
are known to be related with clear-cut changes in grooming
behavior (Berridge et al., 2005; Kalueff and Tuohimaa, 2005;
Veloso et al., 2016).

T-Patterns, Structures and Qualities
A more in-depth analysis, based on the quality of behavior in the
two groups (Figures 8-11 and Supplementary Table S1) shows
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numerous additional aspects, which together with quantitative
data provide a more harmonic representation of the effects of
an unbalanced diet on behavior, and more in general, differences
between the two groups of animals.

The T-patterns analysis shows great differences between the
two groups. First of all, these differences appear in terms
of different patterns identified and their length: if on the
one hand the animals fed with standard diet showed a total
of 50 T-patterns the longest of which contained four events
in sequence, the animals with hyperglycidic diet showed a
hugely more variable and complex behavior with 703 different
T-patterns, the longest of which had 14 events in sequence.
Consistently, the average length of the T-patterns reflects these
notable differences. In contrast, the average recurrence of each
T-pattern is much higher in subjects with a standard diet. Briefly,

subjects with a standard diet show a behavior characterized by
fewer different sequences (less variability) which are repeated
more times than what is observed in the hyperglycidic diet
group (greater recursivity). On the contrary, subjects with a
hyperglycidic diet show a behavior characterized by a greatly
higher number of different T-patterns (greater variability)
which are, in turn, repeated much lesser than observed for
sequences of the control group (less recursivity). These results,
altogether with what traced by quantitative observations, offer
a considerably expanded portrait of the behavioral dynamics
elicited by the chronic exposition to hyperglycidic diet. The
already reported result concerning a higher anxiety-like state
following the hyperglycidic diet in rodents (Reddy et al., 2016;
Rebolledo-Solleiro et al., 2017) well fits with many of the
complex behavioral changes observed in our sample. In this
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FIGURE 9 | Mean length + SE of T-patterns detected. Difference between standard and hyperglycidic group, as revealed by Student’s t-test for independent
samples, *p < 0.05. Data obtained from the analysis of sixteen subjects.
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FIGURE 10 | Mean occurrences + SE of T-patterns detected. Difference between standard and hyperglycidic group, as revealed by Student’s t-test for independent
samples, *p < 0.05. Data obtained from the analysis of sixteen subjects.

sense, an important contribution to the interpretation of these ~Fe and FS are structured in an enormously higher percent
data comes from the evaluation of the composition of the of T-patterns in animals with a hyperglycidic diet. It is also
T-patterns in the two groups (Figure 11). The likely most salient ~important to notice a percent of T-patterns including Wa,
outcome is represented by the evidence that the components Cl, and IS considerably increased. These data would seem to
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<1% were represented together (“Others”). Chi-square test, *p < 0.0001. Wa, walking; Cl, climbing; IS, immobile sniffing; Fe, feeding; FS, focused sniffing; Dr,
drinking; FPL, front-paw licking; HPL, hind-paw-licking; FG, face grooming; BG, body grooming; Im, immobility. Data obtained from the analysis of sixteen subjects.
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be in contrast with evaluations of durations and frequencies,
where a reduction in Wa, Fe, and FS would appear, even
statistically significant as regards the duration of Wa and Fe.
Actually, what likely happens is that in animals treated with
hyperglycidic diet, the behaviors correlated with food intake
become structured in a number of T-patterns much higher
than what happens with the standard diet. In this context,
it is particularly interesting to observe the highly significant
increase not only of Fe, but also of FS, that is the sniffing
behavior of the pellet box. Taken together, these results suggest
an increased salience of food-related stimuli in rats under
hyperglycidic diet. Such an aspect fuels a stimulating topic of
discussion concerning a putative change in the motivational drive
toward obtaining and consuming food. In addition, T-pattern
analysis describes how changes in food-related behaviors (Fe
and FS) affect also the structural interplay with behaviors
not directly related to food such as Wa, Cl, and IS. Such
behavioral dynamics strongly oriented toward food stimuli are
suggestive of craving-related behaviors. In fact, rats fed on a
hyperglycidic diet show a totally reorganized behavior, structured
and aimed at the continuous search for food. Interestingly, in rats,
numerous tangencies have been demonstrated between the nerve
circuits that mediate the craving mechanisms for opioids and
carbohydrates and, in fact, the administration of an antagonist
for opioids, naloxone, in these animals has proved effective in
reducing the craving for sucrose (Grimm et al., 2007). From a
translational perspective, this is consistent with the well-known
addiction that an unbalanced high-carbohydrate diet induces
in humans (O’Brien, 2003; Sobik et al., 2005; Braga, 2010), as

mentioned in the introduction section. A final consideration
concerns the limitation of this study. It is important to
consider, indeed, that present results show the effects induced
only by a hyperglycidic diet and only in male rats. These
two aspects fuel interesting topics of discussion concerning
possible future researches. For instance, it would be interesting
to evaluate the behavioral effects induced, in rodents, also
by high-protein or high-fat diets. Another interesting aspect
would be the comparison of effects induced by unbalanced
diets in male and female subjects and/or to assess possible
sex differences under the same dietetic regime. Finally, taking
into consideration the clear cut impact that hyperglycidic diet
produced in terms of behavioral changes in rats, it might
be interesting to evaluate also possible differences between
different strains.

CONCLUSION

In the context of a behavioral study, conceptual and
procedural differences underlying quantitative and qualitative
approach could lead to a superficial conclusion placing
them in contrast. Such a position should be avoided
because through the synergistic use of qualitative and
quantitative evaluations it is possible to study behavior in
a much more complete way. Here we have demonstrated
that the consensual evaluation of the quantitative and
qualitative data allows obtaining an evaluation that neither
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of the two approaches, individually, is able to offer. Specifically,
if on the one hand, the important modification of the duration
and percent of Wa and of all grooming activities allows to
formulate the hypothesis of an anxiety-related behavior, on the
other hand, the evaluation of the T-patterns highlights how
such an anxiety condition is, from the behavioral point of view,
only the tip of an iceberg, largely submerged, consisting of
the evident behavioral restructuring that the hyperglycidic diet
imposes. Such a reorganization has the features of a behavior
largely oriented, from a qualitative perspective, toward food-
related stimuli, enormously more than what happens in animals
exposed to a balanced standard diet.
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Sensor-based data are becoming increasingly widespread in social, behavioral, and
organizational sciences. Far from providing a neutral window on “reality,” sensor-based
big-data are highly complex, constructed data sources. Nevertheless, a more systematic
approach to the validation of sensors as a method of data collection is lacking, as
their use and conceptualization have been spread out across different strands of
social-, behavioral-, and computer science literature. Further debunking the myth of
raw data, the present article argues that, in order to validate sensor-based data,
researchers need to take into account the mutual interdependence between types of
sensors available on the market, the conceptual (construct) choices made in the research
process, and the contextual cues. Sensor-based data in research are usually combined
with additional quantitative and qualitative data sources. However, the incompatibility
between the highly granular nature of sensor data and the static, a-temporal character
of traditional quantitative and qualitative data has not been sufficiently emphasized as
a key limiting factor of sensor-based research. It is likely that the failure to consider
the basic quality criteria of social science measurement indicators more explicitly may
lead to the production of insignificant results, despite the availability of high volume and
high-resolution data. The paper concludes with recommendations for designing and
conducting mixed methods studies using sensors.

Keywords: mixed methods research, wearable sensors, Bluetooth, indicator, qualitative research, quantitative
research, big data

INTRODUCTION

Sensors are becoming increasingly widespread in social science research. Speculations regarding
the potential applications and implications of “big data” are relatively frequent across the entire
spectrum of scientific disciplines. However, despite the growing number of debates on the
challenges and prospects of big data, and notwithstanding dedicated discussions on “digital
methods” (Rogers, 2013) and “digital sociology” (Lupton, 2015; Marres, 2017), more targeted
accounts of the methodological implications of using sensors are lacking. This is especially true
in the case of mixed methods research (MMR) literature, in which general references to big data do
exist (Mertens et al., 2016), but specific engagements from a focused methodological point of view
are mostly limited to qualitative contextualization of GPS data (Fielding, 2012; Taylor and Horst,
2013; Remijn et al., 2015).
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The fact that MMR debates have failed to systematically
address the challenges of the “data deluge” inherent to big data
research is unfortunate, since the collection and analysis of sensor
data is fundamentally indebted—often without a conscious
recognition of such—to key principles and concepts from
the MMR field. Drawing upon the MMR literature effectively
deepens our understanding of the methodological issues involved
in sensor-based research. As a result we contribute to existing
knowledge across several disciplines in important ways. First, we
alert engineers and computer scientists developing sophisticated
models with sensor measures (Fu et al., 2015; Sapru and Bourlard,
2015) to consider the quality of the underlying “raw” data
from a social science perspective. Physical sensor measures
are too easily equated with social or psychological constructs,
thereby underestimating the context-sensitive nature of most
social phenomena. Second, we provide organizational researchers
concerned with the validation of sensor data (Chaffin et al.,
2017; Kayhan et al.,, 2018) a conceptual framework that situates
sensors in relation to established social science research methods.
Existing validation efforts combine sensor measures with
quantitative as well as qualitative data sources without clearly
understanding the inherent limitations of “mixing” methods.
MMR debates are here pivotal for adjusting contemporary
social science research practice to the new volume and high
granularity of sensor-derived data. Third, the present article
goes beyond many abstract conceptual reflections regarding “big
data” in the social sciences (Tonidandel et al., 2018; Wenzel
and Van Quaquebeke, 2018). Our literature review of wearable
sensor-based research identifies advantages and disadvantages
of different sensor platforms as well as the main social and
psychological constructs explored up to date. In combination
with our review of the most popular devices this will allow
interested scholars to gauge more precisely the relative strengths,
weaknesses, and practical implications of each sensor device, for
their own research.

In order to advance toward a consistent methodological
framework of (wearable) sensors as an instrument for social
science research, our argument develops as follows. We suggest
first, to clearly separate between two measurement dimensions
of sensors, namely the physical data, on the one hand, and the
potential social or psychological constructs, on the other hand.
On a very basic level, sensors capture changes in the physical
environment such as a change of temperature, the relative
strength of Bluetooth (BT) signals or the acceleration of objects
among others. These physical measures are of little interest to
social scientists. Only when (wearable) sensors come to represent
social and psychological constructs, do they really constitute an
exciting new research instrument. However, as we will argue, the
potential fit between the basic physical measures and the higher-
level constructs needs to be carefully considered. As our literature
review will show, these two levels are often conflated, which has
a negative impact on the generation of relevant research insights.

Distinguishing between the physical measurement level and
higher-level constructs enables us to focus on the fit between
these two levels in a second step. We therefore argue that sensor
data, like any other social science indicator, involves three distinct
elements: the measurement (or indicator) itself, the unobservable

construct to which it refers, and the correspondence between the
measurement and the construct (Meyer, 2017). The challenge
that needs addressing when using sensors concerns the fact
that one and the same physical measurement is expected to
represent very different social constructs. Thus, “proximity”
between BT enabled devices has been used as an indicator of
“friendship,” “advice seeking,” or subjective “well-being” (Sekara
and Lehmann, 2014; Matusik et al., 2018; Zhang et al., 2018).
It is a key contribution of this paper to show, however, that
the quality of fit between the physical measure and the social
construct depends to a large degree on how sensor data is
combined with additional, complementary data sources. Yet, the
crucial methodological question on how to carefully plan for
“complementary” data needs at the research design stage with
wearable sensors has been largely ignored in the literature.

In a third step we therefore advocate that considering
the literature on “mixed methods research” enables a better
understanding of the ways in which the quality of fit between the
sensor measurement and the targeted social/psychological
constructs can be controlled and improved. While the
mainstream MMR literature restricts the definition of MMR to
the mere combination of qualitative and quantitative data, in
this article we use a broader definition of MMR that includes
“within-paradigm” combinations. This is, the mixture of several
quantitative methods/data as well as the integrating of diverse
qualitative methods/data (Morse and Niehaus, 2016; Flick, 2017).
At the same time, the MMR literature distinguishes between two
broad rationales for “mixing” quantitative and qualitative data,
namely “convergent validation” and “complementarity” (Greene
et al., 1989; Creswell and Plano Clark, 2007). By reviewing the
existing literature on sensor research through the lens of these
two MMR rationales, as summarized in Table 1, two important
methodological issues start to emerge. First, combining sensor
data with other quantitative data sources feeds into “convergent
validation” as a result of which the biased nature of sensor
measures is revealed. Sensor data in this context is subject to
“triangulation” in order to achieve a higher validity of field
efforts (Denzin, 1978; Erzberger and Kelle, 2003). Although
the potential for validity by convergence has been criticized on
various grounds (Fielding and Fielding, 1986; Flick, 2008), and
is relatively less frequent in actual research practice (Bryman,
2006), when applied to the context of sensor data, it yields crucial
insights into the bias inherent in apparently “raw;” physical
sensor measures. Second, important challenges emerge when
combining sensor data with qualitative methods, which can
follow not only the rationale of “convergent validation” but
also “complementarity.” Our analysis of existing approaches of
“ethno-mining” (Anderson et al., 2009), “blending” (Bornakke
and Due, 2018), or “stitching together” (Blok et al., 2017) sensor
data with qualitative data shows that the validity of research
results is often hampered. This is because the purpose for
“mixing” data is left ambiguous, neither being concerned with
“convergent validation” nor “complementarity.” By insufficiently
conceptualizing the gap between physical measures of behavior
and the corresponding layer of social meaning, research efforts
fail to deliver significant insights. The negative effects of ignoring
the MMR literature for sensor-based research are accentuated
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TABLE 1 | Rationales and challenges for integrating qualitative and quantitative data with sensor-based measurements and derived measures.

Sensor data combined with Rational and purpose of data integration

Methods

+ Quantitative data
+ Quantitative data Convergent validation of higher-level constructs
+ Qualitative data Convergent validation of higher-level constructs
+ Qualitative data Complementary insights

+ Qualitative data Anchoring of data patterns

Convergent validation of physical sensor measurements Experimental designs

Tested survey based psychometric scales. Correlation and regression analysis.
Qualitative data to improve the validity of indicators by contextual information
Ethnographic observations to complement sensor-based findings
Ethnographic observations to interpret patterns in sensor data

by the diverging granularity of the involved data sources.
As a further result of our literature review, we argue that the
incompatibility between the highly granular nature of sensor data
and the static, a-temporal character of traditional quantitative
and qualitative data has to date not been sufficiently emphasized
as a key limiting factor for sensor-based research.

METHODS

This article grows out of the need to deal with- and reflect upon
a concrete research experience with Sociometric badges in R&D
teams (Miiller, 2018). We agree largely with the growing body
of critical literature that fundamental issues regarding construct
validity need to be clarified before sensors can fulfill the promise
of opening up new and exciting research avenues (Chaffin et al.,
2017; Kayhan et al., 2018; Parker et al., 2018). In order to advance
toward this goal, we carried out a scoping review of the literature
on the use of wearable sensors in organizational research. The
methodology for the scoping review followed the steps suggested
by Arksey and O’Malley (2005). First, the two research questions
guiding the review were identified: What are the strengths and
the weaknesses of the different sensor platforms available in the
market? What are the main methodological challenges associated
with the combination of sensor data with other complementary
data sources? Second, the SCOPUS database was searched for
relevant publications. The search was performed in the title,
abstract and keywords of the publications using terms associated
with the concepts of sensor-based research (i.e., wearable sensor*,
bluetooth, sociomet®, sensor-based®, wearable comput*) and
MMR (mixed method®). A total of 449 publications were
generated from the database search. Third, these publications
were screened by title and abstract according to the following
three exclusion criteria: (1) health related texts dealing with
fitness monitoring, elderly care or injury rehabilitation, (2)
purely technical and engineering related articles besides research
targeting Human Activity Recognition (HAR) with sensors,
and (3) studies related to stationary and centralized sensor
systems as deployed in smart-homes. From this screening, 419
references were excluded, reducing the number of references to
30, whose eligibility was assessed by reading the full text of the
publications. Using the same exclusion criteria stated above, 7
publications were discarded, leaving 23 references for inclusion
in the review. Fourth, data from these references such as the
types of sensors used, the challenges addressed by the authors
or the validity of the reported measurements, were extracted,
charted, and summarized. Additional references were identified
by consulting key authors CVs, websites of relevant research

groups and the tracking of publications that cite key articles on
wearable sensors.

A FRAMEWORK FOR CONCEPTUALIZING
SENSOR DATA

The current interest in using sensors for studying social
phenomena is embedded in wider debates regarding big data in
the social sciences (Savage and Burrows, 2007; Tinati et al., 2014;
George et al.,, 2016; Tonidandel et al., 2018). Sensors constitute
one source of big data when tracking, for example, mobility
patterns in cities or monitoring health parameters via fitness
trackers and smart-phones. Sensors are increasingly pervasive
in all aspects of human life. They are widely used in health
related applications as already mentioned (rehab, fitness, elderly
care, occupational safety) as well as in “smart” cities and homes,
tracking of consumer behavior (retail, tourism) or in the social
signal processing community (Vinciarelli et al., 2009; Imani et al.,
2016; Alcaraz et al, 2017; Goonawardene et al,, 2017; Jiang
et al., 2017; Oosterlinck et al., 2017). Out of the considerable
variety of sensor types and their divergent application fields, the
present article concentrates on a relatively well-defined sub-set,
namely wearable sensors used in organizational research. Table 2
provides an overview of the most widely used sensor platforms.
All these platforms have in common that sensors are usually
worn on the body of individual (research) participants as opposed
to operating from one (or several) centrally installed, stationary
sensor system(s). The platforms differ however in terms of how
many individual sensors are integrated into the same system. This
has consequences in terms of cost, battery life, size of devices, and
data storage. Importantly, the type of sensors or combinations of
sensors also conditions which social or psychological phenomena
can be measured. Currently, the OpenBeacon badges deployed
by the Sociopatterns project (Cattuto et al., 2010) as well as
Sociometric badges developed initially by MIT (Olguin et al.,
2009; Kim et al., 2012) are the most widely used wearable sensor
systems in social science research. Although other technical
solutions do exist, their uptake in actual research is rather limited.

Measurement Dimensions of

Wearable Sensors

In order to provide a solid foundation for assessing the reliability
and validity of sensor measures in social- and behavioral research,
a distinction between the physical measurement level and the
social and psychological constructs needs to be drawn. At the first
and fundamental level, sensors measure physical phenomena.
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TABLE 2 | Overview of wearable sensor systems for social science research.

Availability Observations

Sensor platform Sensors Cost per unit
Sociometric badges Bluetooth, Infrared, Approxmately 550
microphone, us$
accelerometer
Sociopatterns/OpenBeacon RFID Approxmately
25 US$
Rhythm badges Bluetooth, microphone NA

Smartphone Bluetooth, microphone, Cost of modern
GPS, accelerometer smartphone
TelosB RFID NA
Hitachi Business Microscope (HBM) Bluetooth, NA
accelerometer,
microphone, infrared,
temperature,
illumination.
Opo Ultrasonic wakeup NA
radio
Multi-sensor board Microphone, NA

accelerometer, Infrared,
visible light, digital
compass, temperature,
barometric pressure,
humidity

Humanyze, Boston, Proprietary system, including software for data export

USA from badges. High uptake in research community;
integrated solution of four sensors; no central hub
required. High energy consumption; high cost; data
export is “black box”

Order from Build with open source hardware and software. Low

openbeacon.org or
self-production

cost, single contact sensor system. Used mostly in
healthcare research. Low energy consumption.
Central hub for (real-time) location tagging optional.
See https://github.com/meriac/openbeacon-ng

Self-production Open source hardware and software. This project is
currently under active development. So far, no
published validation studies are available. See http://

www.rhythm.mit.edu/

Dependent upon
target group

No single solution but constantly changing devices
(manufacturer, operating systems) and software apps.
Cheap solution due to high smartphone penetration;
calibrating/testing physical measures across variety of
devices problematic and easily outdated. Location
(GPS) and proximity detects simultaneously available.
Advantage to combine relatively easily location based
measures with call-logs. Custom software install for
data collection required

Discontinued Open source software. System is not available
anymore
NA Proprietary system not used outside the Hitachi

research. See http://www.hitachi.com/New/cnews/
month/2015/02/150209.html

Self-production or
order from authors

Open hardware and open source software. Low
power and extremely small sensor devices (wearable
as adornment). Infrastructure free deployment;
relaying of data through smartphone. See https://
lab11.eecs.umich.edu/projects/opo/

Discontinued Custom build system for research. Listed here as an
early system build for social science research goals,
but it was not used beyond the initial project

described in Wyatt et al. (2008, 2011)

This fact, although self-evident, cannot be over-emphasized
given the tendency within the literature to conflate the physical
sensor measures with social phenomena. BT sensors, for example,
produce a quantity called Radio Signal Strength Indicator (RSSI).
Values usually range from —40 to —90, where higher numbers
indicate a stronger signal which is usually produced by devices
being closer together (Liu and Striegel, 2011). Captured with
a certain periodicity, RSSI is a “moderate” indicator of varying
physical proximity. It is “moderate” because obstacles such as
walls can lower the BT signal strength, even though devices are
close to each other. Table 3 summarizes the existing literature
dedicated to the validation of the physical measurement level of
wearable sensors. The more or less stringent fit between the actual
measurement and the physical construct it represents is indicated
in the “Relational Quality” column in Table 3. As illustrated
in the next section, the quality of sensors for certain physical

constructs is not as tight as one would expect at this basic level
of measurement.

At a second level, the physical indicator provides the basis
for more complex social and psychological constructs. Table 4
lists the higher level concepts that have been addressed so far
with wearable sensors. The measurement of such constructs
introduces further complexities into the research process, since
the quality of research results not only depends upon the quality
of the sensor, but also on the degree of consensus around the
definition of the social concept under study. How we conceive
for example notions of “creativity” or “dominance” on a purely
conceptual level is not straightforward but subject to often
heated debates within and across the scientific communities
(Piffer, 2012). The column “Construct Quality” in Table 4
indicates how disputed the different constructs are. “Stress” for
example is relatively well-defined by the level of cortisol in
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TABLE 3 | Overview of sensor types and scientific literature regarding validation of physical constructs.

Sensor Indicator/measurement Physical construct Relational quality References Sensor platform
Bluetooth Radio Signal Strength Proximity (and derived Moderate Yu et al., 2016; Boonstra Sociometric badges
Indicator (RSSI) network measures) et al., 2017; Chaffin et al.,
2017
Moderate Liu and Striegel, 2011; Smartphone
Boonstra et al., 2017
Infrared Binary detect Proximity + orientation of Moderate Yu et al., 2016; Chaffin Sociometric badges
devices (face-to-face; et al., 2017; Muller, 2018
derived network measures)
RFID Binary detect Proximity + obstacles Moderate Cattuto et al., 2010; OpenBeacon
(face-to-face; derived Smieszek et al., 2016;
measures) Génois and Barrat, 2018;
Elmer et al., 2019
Microphone Volume, frequencies (Hz) Speech (and derived Low Yu et al., 2016; Chaffin Sociometric badges
measures such as speaking etal., 2017; Chen and
duration, turn-taking) Miller, 2017; Kayhan et al.,
2018; Mller, 2018
Accelerometer  Energy magnitude over Physical activity High Yu et al., 2016; Kayhan Sociometric badges
three axes etal., 2018
Ultrasound Time-difference of arrival RF Proximity + obstacles (and High Huang et al., 2014 Opo
/ Ultrasound derived network measures)
GPS Global coordinates Physical location High <=0.75m (95% of the Smartphone & other GPS

time) U. S. Government enabled devices

GPS.gov

saliva (Taylor et al, 2016). The same holds for “contagion”
or “infection,” as defined by the presence or absence of a
virus after physical contact. Now the crucial question is to
what degree the chosen physical indicators do actually measure
these different social concepts. Similar to a medical diagnosis
where symptoms are more or less strong indicators of a certain
pathology, different sensor-derived measurements are more or
less stringent indicators of higher-level constructs. The BT RSSI
value is a moderate indicator of physical proximity, which is,
in turn, a good indicator of “contagion” but a poor indicator
of different types of social relations such as “friendship” or
professional “advice.” A microphone, to give another example,
provides a numerical record of dominant frequencies (pitch)
of the voice which then can be used as an indicator of the
persons “sex” (men usually having a lower voice than women)
or “stress” (Taylor et al., 2016). Therefore, it is clear that the
quality of the overall sensor-based indicator is not just dependent
upon the precision of its measurement, but also upon the
degree of consensus around the underlying construct and the
degree of correspondence between the indicator and the higher-
level social- and psychological constructs. Given the variety of
constructs for one and the same sensor as described in Table 4,
one should expect different levels of validity due to different levels
of fit. The fact that we can collect now BT or any other sensor-
based data relatively cheaply and with unprecedented detail does
not imply that the quality criteria for the measurement properties
of these data (i.e., the existence of a solid correspondence
between the indicator and the concept it represents) can
be ignored.

The following sections will delve into some detail in
summarizing the state of the art regarding the validity of sensors
on the level of physical measures as well as in relation to higher

level constructs. The combination of sensor-based data with
qualitative and quantitative research approaches as summarized
in Table 1 is key for this next step.

COMBINING SENSOR DATA WITH
QUANTITATIVE METHODS

Sensor data are often combined with other quantitative data
sources and analytic techniques to validate the given metrics.
As mentioned, this concerns both the physical measurement
level as well as the level of social- and psychological constructs.
While the exploration of the former reveals the constructed
nature of sensor measures, the latter emphasizes the ambiguities
that exist on the level of the social constructs themselves even
before sensor devices are deployed for measurement. Work with
sensors in the social sciences should not be blinded by a belief
in “big data” measurements where the quantity of data is often
thought to miraculously compensate for a lack of a well-argued
correspondence rule between the social phenomena of interest
and the available indicator.

Scrutinizing “Raw” Sensor Data in the Lab
Much of the excitement around using sensors in the social
sciences probably has to do with the promise of providing
“objective” measurements of the phenomena under study.
Capturing data automatically without direct human intervention
addresses the fundamental issue that measurements should
not be affected by researchers’ bias. As a mechanical form
of “observation,” sensors are incorruptible regarding when or
what they measure and thus supposedly capable of generating
“valid” data that will lead to more solid and far-reaching
scientific insights. This promise is even more persuasive within
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TABLE 4 | Overview of sensor types and scientific literature regarding validation of social and psychological constructs.

Sensor Indicator/measurement Social and psychological Construct Relational References Sensor platform
construct quality quality
Bluetooth Radio Signal Strength Friendship Moderate Moderate Matusik et al., 2018 Sociometric badges
Indicator (RSSI) and derived
(network) measures
Eagle et al., 2009; Smartphone
Sekara and Lehmann,
2014
Advice Moderate Moderate Matusik et al., 2018 Sociometric badges
Homophily (gender) High Moderate Psylla et al., 2017 Smartphone
Personality High Moderate Olguin et al., 2009; Smartphone
Leprietal., 2016
Infrared Binary detect and derived Personality High Moderate Olguin et al., 2009; Sociometric badge
(network) measures Alshamsi et al., 2016
Creativity High Moderate Gloor et al., 2011; Sociometric badge
Tripathi and Burleson,
2012
Leadership High Moderate/Low  Cook et al., 2019 Sociometric badge
Affect Moderate Moderate Alshamsi et al., 2016; Sociometric badge
Zhang et al., 2018
RFID Binary detect and derived Contagion (infection, High High Vanhems et al., 2013; OpenBeacon
(network) measures information) Barrat et al., 2014
Salathé et al., 2010; TelosB
Guclu et al., 2016
Homophily (gender) High Moderate Stehlé et al., 2013; OpenBeacon
Atzmueller et al., 2018
Microphone Volume, frequencies (Hz) Creativity High Moderate Parker et al., 2018 Sociometric badge
Stress High Low Martinez Mozos et al., Sociometric badge
2016; Taylor et al.,
2016
Dominance High Moderate/Low  Chen and Miller, 2017; Sociometric badge
Dietzel et al., 2018
Affect Moderate Moderate Zhang et al., 2018 Sociometric badge
Talkativeness Moderate Moderate Onnela et al., 2014 Sociometric badge
Communication High Moderate/Low  Holding et al., 2019 Sociometric badge
Team performance Moderate/High Moderate Wu et al., 2008; Olguin ~ Sociometric badge
et al., 2009; Dong
et al., 2012; Daggett
et al., 2017; Endedijk
etal, 2018
Accelerometer  Energy magnitude over Creativity High Moderate/High  Tripathi and Burleson, Sociometric badge
three axes (body activity) 2012; Gaggioli et al.,
2013; Parker et al.,
2018
Dominance High Low Dietzel et al., 2018 Sociometric badge
Affect / well-being Moderate Moderate Zhang et al., 2018 Sociometric badge
Yano et al., 2015; HBM
Chancellor et al., 2017
Doherty et al., 2014 Smartphone
Social anxiety (mental health) High Moderate Wang et al., 2014; Smartphone

Gong et al., 2019

the social sciences where sensors are poised to capture almost
imperceptible but elementary behaviors that underlie human
interaction. Facilitated by decreasing size and cost, sensors keep
track of our behavioral “footprints” on a global scale (Golder
and Macy, 2014), underscoring the dominance of numbers as
“the modern fact”—simple, unbiased descriptors of phenomena
that are only subject to the invariable rules of mathematics
(Poovey, 2004, p. xii).

However, although sensors provide a mechanical means of
measuring the social, they do not necessarily generate more
objective data. Sensors need to be calibrated, have error rates,
and are influenced by environmental conditions while data gets
sampled, aggregated, and filtered by different algorithms before
being exported as “raw” observations for downstream analysis.
In fact, as some commentators have remarked, “raw data is an
oxymoron” (Gitelman, 2013; Marres, 2017). As shown below, far
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from being a simple by-product of our activities, sensor-derived
data are often an expression of the theories and instruments
required for building them in the first place. Therefore, it
is increasingly hard to distinguish whether we measure a
social phenomenon or the underlying technological devices that
mediate it (Marres and Gerlitz, 2015; Marres, 2017). One might
ask if we are studying society or technology, RSSI thresholds or
knowledge networks, actual friendship ties or algorithmic effects
of recommender systems on Facebook? Or, to put it the other
way around: to what degree are contemporary social phenomena
(such as “friendship”) the effect of technological devices (such
as the underlying recommender algorithms in Facebook which
suggest new “friends”) rather than genuine social exchange?

The fact that data never “speaks for itself” (Lewis, 2015) has
inspired a host of critical studies within behavioral and health
sciences, which are summarized in Table 3. These studies are
predominantly laboratory experiments where tightly controlled
conditions establish the ground-truth on the basis of which
sensor-derived measurements are assessed. For instance, Chaffin
et al. (2017) strap Sociometric badges onto panels placed into
increasing distance to each other in order to see how variability
of RSSI metrics correlate with changing physical distance. As the
authors report, up to 60% of the variance that BT detects is due
to the experimental conditions (physical distance) with 8% of the
variance being due to systematic bias of single sensors (Chaffin
et al, 2017, p. 9). Next, face-to-face detects are consistently
under-reported down to 50% even when placing Sociometric
badges in optimal, i.e., manufacturer-specified conditions, for
face-to-face detection (Yu et al, 2016; Chaffin et al,, 2017).
Concerning OpenBeacon sensors, only about half of the actual
interactions were recorded by these tested RFID devices (Elmer
et al., 2019). Microphones exhibit similar problems: in Yu et al.
(2016) sociometers underestimate the duration of speech by
30-40's while having problems to correctly identify speakers as
such (Yu et al, 2016, p. 7). Kayhan et al. (2018) show, through
extensive microphone tests, that badges tend to capture changes
in volume and frequency accurately, but that differences exist
between badges for the same experimental conditions, due to
variable sensitivity of each sensor. Building further upon speech
detection capacities, turn-taking has a specifically low validity,
where sociometers overestimate the ground-truth (actual turns:
6) by a large margin (counted turns: +50) (Chen and Miller,
2017; Kayhan et al., 2018; Miiller, 2018). Accelerometer readings
provide, on the other hand, more reliable measurements, as
reported by both Yu et al. (2016) and Kayhan et al. (2018). On
the whole, results are less precise than one would expect at this
simple level of physical measurement.

The discrepancy and variability of sensor data with respect
to experimental conditions might be further exacerbated by
the influence of intermediate processing and data aggregation
decisions. Before any data is actually exported for downstream
analysis, audio signals are processed by sophisticated algorithms
to filter out “noise” from actual “speech” signals—which can
substantially alter detected speaking time (Chen and Miller,
2017). Other underlying issues, such as the synchronization of
the Sociometric badges internal clock, also play a fundamental
role in determining the precision with which badges can measure

speaking turns or mirroring activities and, therefore, the extent
to which they are able to provide valid measurements. Without
a precise synchronization of timestamps between badges, the
ability to identify the “same” event across badges is severely
impaired (Kayhan et al., 2018).

Thus, although quantitative sensor data enjoy the aura
of being “objective” measurements that liberate us from any
interpretative effort, upon closer inspection, BT, Infrared,
microphone and accelerometer data incorporate a host of
technical and measurement biases that need to be taken into
account. Instead of providing an exact indicator, it seems more
plausible to conceive sensors as probabilistic indicators, even
on the level of physical constructs where one intuitively would
expect a much more reliable functioning of sensors. This already
poses an important limitation to consider before advancing to
situations in which sensor data constitute indicators of more
complex, social and psychological constructs.

Convergent Validation I: Social Construct

Validity via Quantitative Data

While the basic, critical evaluation of sensor metrics presented
during the preceding paragraphs is necessary and certainly has
a sobering effect regarding their validity as indicators on a
physical level, it only provides a first step in the research process.
Combinations with established, quantitative measurement scales
also aim to validate sensor-based measurements in relation to
higher-level constructs, including “types of social relations” or
“creativity,’ to name just two (see again Table4 for further
examples). Since validity concerns now go beyond the pure
physical construct level, the consensus regarding the underlying
(social) construct, as well as the correspondence between the
indicator and the construct, do enter into the equation, as the
following examples will show.

Given the widespread availability of BT sensors, convergent
validation of proximity data is relatively common. Sekara and
Lehmann (2014) argue, for example, that by selecting a suitable
RSSI threshold (at —80) one can distinguish between strong
and weak links that correlate with friendship ties on Facebook
(Sekara and Lehmann, 2014). The validation efforts in this
case already demonstrate the problematic assumption that social
network “friends” are reliable indicators of actual friendship.
Matusik et al. (2018), in contrast, use self-reports among leaders
in a large-scale research facility to assess the convergent and
discriminant validity of BT RSSI thresholds for friendship and
advice seeking networks (Matusik et al., 2018). As the authors
show, self-reported “friendship” ties correlate to a certain extent
with lower RSSI values indicating closer spatial proximity, while
advice seeking/receiving ties map best onto more liberal RSSI
signals. A further related study concentrates on the correlation
between face-to-face detects and derived measures such as the
diversity of social communication with positive and negative
affect and thus subjective well-being (Alshamsi et al., 2016).
Although correlations are found between these two elements,
they are quite low (Alshamsi et al., 2016, p. 5). Parker et al,
to cite another study, show that the number of speaking
segments as measured by Sociometric badges and self-turns in
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conversations are correlated with higher perceived individual and
group creativity as measured by the KEYS survey—“the best-
established survey instrument for studying creativity in working
environments” (Parker et al., 2018, p. 13).

While these studies provide some evidence regarding the
possibilities to map various sensor types of Sociometric badges
onto social constructs, they also highlight some critical issues.
Sekara and Lehmann rightly contend that “proximity” is a
questionable indicator of social relations: “[m]ultiple scenarios
exist where people are in close contact but are not friends, one
obvious example is queuing” (Sekara and Lehmann, 2014, p. 7).
As already discussed, the validity of sensor-derived metrics is
not just determined by the measurement precision or the fine-
tuning of RSSI thresholds, but it is also framed by the relative
strength of the correspondence between the indicator and the
chosen construct. Now the crucial point is that in cases where this
relationship is rather weak, additional contextual information
can improve the quality of the indicator. In this scenario,
convergent validation is not only carried out by validating sensor
data with other quantitative measurement scales, but also by
combining such data with qualitative data sources.

COMBINING SENSOR DATA WITH
QUALITATIVE METHODS

Despite the prevalence of the “complementarity” rationale
in literature on integration of sensor data with qualitative
methods, as Table 1 suggests, other motivations for combining
big data with qualitative sources do exist. However, researchers,
when reporting their sensor-based findings rarely distinguish
between these underlying MMR rationales and consequently
underestimate the methodological implications of obtaining
well-founded research results. Based upon Tablel, in the
following paragraphs, we will describe three clearly distinct
rationales for combining qualitative- with sensor-based data.
The resulting typology of approaches provides the first in-road
to improved research planning using sensors, and improved
collection- and interpretation of the obtained data.

Convergent Validation IlI: Construct Validity

via Qualitative Data

Qualitative data sources can be combined with sensor data for
the purpose of validation, i.e., to examine if measurements of the
same construct with different instruments converge (or not). A
recent exemplary case is available in Parker et al. (2018) where
ethnographic observations are used to validate Sociometric
speech measurements and body movement in relation to
“creativity” in group processes. By closely reading body activity
metrics of team members side by side with field notes of the actual
working sessions among the environmental scientists, similarities
between the two data sources are identified and matched. Thus,
specific incidents where the group became “excited and engaged”
produce a higher variability in the corresponding body- and
speech measurements for the given time slots. Creative moments
within the group “are louder on average than any other portion of
the group’s working day and even louder than their lively lunches

and coffee breaks” (Parker et al., 2018, p. 16). Ethnographic
observations do not provide complementary insights but rather
sufficient contextual detail that make the body- and speech
metrics accessible to a specific interpretation—in the current case
in terms of a creative flow.

A similar convergent validation logic can be applied to the
highly-cited BT studies described in the preceding paragraphs.
Eagle et al. (2009) observe, for example, that inferring the
friendship network structure through BT signals can be vastly
improved when contextual information regarding work and
leisure times and places is taken into consideration. Since the
ratio of proximity detects outside work (hours) is much higher
for friends than for non-friends, “it was possible to predict 96%
of symmetric reports of non-friendship and 95% of symmetric
friendship” (Eagle et al., 2009, p. 15,275). By observing broad
contextual cues of the overall situations under study, qualitative
accounts can improve the overall quality of the indicator. Indeed,
by providing complementary data on the times and places where
“friendship” is more likely to occur, the fit between the indicator
and the construct can be improved.

Qualitative Data for
Complementary Insights

Contrary to the “convergent validation” rationale, qualitative
data might also be used to complement sensor data, i.e., to
examine different facets of the same phenomena by using
different (complementary) methods. A recent, exemplary case,
is a study published by Bornakke and Due (2018) on the
utility of bike signs in the city of Copenhagen. Researchers
tracked mobility patterns of cyclists via GPS and combined
these with participant observation, direct inquiries and a short
questionnaire. The sensor-based information on actual bicycle
journeys was thus contextualized with the cyclists’ stories
explaining their choice of one trajectory or another. The
qualitative material explored the “why” question, based upon
“what” had happened, i.e., the difference between morning vs.
afternoon routes. Or, to put it the other way round, the GPS
data “extends the thick observations with knowledge on the
generalizability of the behavior of using multiple routes to and
from one’s home.” (Bornakke and Due, 2018, p. 12).

The way qualitative and sensor data are combined in this
example follows a strong “complementarity” rationale where
qualitative observations provide a new layer of meaning to the
quantitative mobility tracks. This is possible because GPS is
a relatively reliable indicator of actual positions in the city;
the coordinates are valid as indicators of physical routes and
deliver an “autonomous” result to be used for further analysis,
questioning and interpretation by researchers. Qualitative data
adds here a complementary layer of meaning rather than
being preoccupied with untangling the precise social situation
represented by the data. Therefore, what this example shows
is that only when sensor data has been established as an
independent and valid source or measurement, does it make
sense to “complement” it with qualitative data. The importance
of the dialectic between “complementarity” and “validity”
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is illustrated more clearly in the example presented in the
next section.

Anchoring Sensor Data via
Qualitative Data?

A third approach to combine qualitative data with sensor data
does not aim for convergent validation of certain constructs, nor
does it provide complementary insights. Rather, it constitutes
a more problematic account where qualitative insights aim
to make the data interpretable as such. This approach can
be illustrated by the following example. In their study at
the Danish Technical University, Blok et al. (2017) tracked
an entire freshman class of 800 people using BT sensors
in smartphones. Ethnographic observations are part of the
overall methods, used to contrast the recorded “big” interaction
traces with first-person accounts of “thick” descriptions during
selected events such as a student party for example. Given that
BT is a relatively fuzzy indicator, the analytic work involved
probing different aggregation and visualization techniques of
the BT signals while constantly verifying the corresponding
time slots with the ethnographers’ descriptions. Digital data,
as the authors explain, “allow for great plasticity” requiring a
constant oscillation between extracting “interpretable occasions”
from the data and cross-checking with observational accounts
(Blok et al.,, 2017, p. 6). However, what Blok et al. identify as
the “great plasticity” of digital data, is nothing but a lack of
specificity and hence low quality of proximity-based indicators
for social phenomena. In BloK’s research, it is the fuzzy nature
of proximity data that leads researchers into an endless regress
of probing different aggregations levels, filters or visualizations
in a hunt for significant patterns of behavior. Exploring the
data without any fixed social concept in mind, these patterns
mostly fail to emerge because “proximity” in itself is a very
ambiguous indicator that can signify anything and nothing.
When a distinct proximity/distance pattern finally does emerge
and can be correctly labeled with the help of ethnographic field
notes—as people leaving the party through a tunnel, at the
end of which they “hug goodbye” (Blok et al., 2017, p. 8)—it
is not clear that this insight contributes to the wider research
question. Although satisfying to “see” this pattern of behavior
in the data, it is, somehow, a rather shallow research result
because it simply mirrors a broad contextual observation of
the event, namely the end of the party. As Doreian and Conti
(2012) argue, it is a common mistake of researchers to conflate
organizational or spatial context variables with genuine social
structures and individual preferences. Without a clear construct
that sensor data is supposed to measure, its decontextualized
nature leads to interpretations that mirror more the resources
and capabilities of the observers than genuine patterns of
social behavior.

Therefore, combining qualitative data sources with sensor
data is unproductive when the two data sources are simply
“stitched” together, without clear theoretical motivation.
Although this statement is understandable from an ethnographic
and inductively-based approach to data collection, it causes
problems when applied to sensor data. And there is a precise

reason for that, which will be largely discussed in the next
section: inductively exploring sensor data easily falls prey
to reproducing broad contextual observations that are first
and foremost an expression of the limited observational
capacities of the ethnographer rather than an expression
of the inherent patterns in high-resolution, time-based
sensor data.

VALIDATION AND THE PROBLEM OF
“MATCHING THE RESOLUTION”

The preceding examples of combinations of sensor data with
quantitative and qualitative data sources reveal an underlying,
but nevertheless important, problem of mismatch between the
scale (or resolution) of the sensor data and that of more
conventional data collection methods. BT sensors register
interaction between persons on a continuous basis. Monitoring
a group of 11 people over 5 days can produce up to
+100,000 detects. Although data collection methods such as
participant observations, interviews, or questionnaires are able
to contextualize a number of data points, its focus is, however,
limited to events that are more notable and to coarse aggregation
levels. Consequently, these methods fail to capture a large part
of the continuous temporal information that can be obtained
through sensors. Returning to Blok et al. (2017) example, it is
clear from this study that the minute details of physical proximity
registered by sensors between several hundred participants could
not be matched with the observational accounts generated by
a well-trained ethnographer. The ethnographic insights in Blok
et al. (2017) study (e.g., the “high” and “low” energy of the
overall party) remain coarse approximations to the phenomenon
under study and, therefore, are ineffective in grasping more subtle
events such as, for example, how the overall “energy of the party”
emerges out of specific micro-dynamics on the group level. If
big data stands for data velocity and volume, qualitative and
quantitative accounts have a hard time to keep up the pace. The
possibilities of addressing more fine-grained questions are indeed
directly dependent on available resources which, most frequently,
tend to be limited by “time, research funds, and human coding
hours” (Lehmann-Willenbrock et al., 2017, p. 523).

Quantitative, survey-based approaches share a similar fate.
The previously cited study by Matusik et al. (2018) ignores
the temporal dimension of the proximity data as it correlates
averaged RSSI values across a 9-day field period with advice-
and friendship networks. This high aggregation level could, of
course, be broken down into shorter time spans, such as daily-
or hourly RSSI mean values. However, the shorter the time-slots
over which the sensor data is averaged, the higher the efforts to
collect the increasing number of corresponding survey measures.
The cited study of Alshamsi et al. (2016) faced similar challenges
when participants were asked to respond three times per day
to the same questionnaire over a period of 30 days in order to
validate their “affect states” with slices of sociometric face-to-
face networks. The number of times that these fixed snapshots
of affective moods are collected is, to a certain extent, somewhat
arbitrary and clearly conditioned by the researchers’ ambition to
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push forward the limits of taxing data collection. What all these
validation studies fail to address is the fundamental problem of
a mismatch of resolution between sensor-derived data and more
traditional, static data types.

As with any measurement instrument, using sensors within
the social sciences requires a conscious calibration effort that
examines closely how tightly physical- and social constructs
are bound to the available sensor metrics. Combining sensor
data with other qualitative and quantitative sources confronts
the dilemma of either addressing only a fragment of the
behavioral measures or having to invest disproportional
efforts to collect data with the comparable amount of detail
using conventional methods. To say it somewhat figuratively:
conventional qualitative and quantitative methods are the
bottleneck through which the validation of big data has to
pass. This methodological challenge is increasingly being
addressed, for example by Luciano et al. (2018) who work toward
new approaches to assess “measurement fit” with dynamic,
time-based data.

CONCLUDING REMARKS AND
RECOMMENDATIONS: TOWARD MIXED
METHOD RESEARCH WITH SENSORS

In this article we argue, that in order to reliably use sensor
data in organizational research, complementary data needs to
be collected. The necessity of integrating sensor data with other,
quantitative and qualitative methods sharply contrasts with the
predominant tendency in the literature to use (wearable) sensors
as a “stand-alone” research instrument (Schmid Mast et al.,
2015; George et al., 2016; Tonidandel et al., 2018). The exciting
new research questions made possible by the continuous, high
resolution monitoring of human behavior remains dependent
upon the variable “fit” between physical measurement and
the targeted social or psychological constructs. Since the gap
between physical sensor data and social construct level is non-
negotiable, researchers need to address the validity of their
sensor data in the context of their theoretical framework,
research questions and by incorporating a mixed methods
perspective. As Parker et al. (2018) argue: “From a sociological
perspective, this research is intriguing and potentially generative,
but its exclusive focus on non-verbal behavior, tendency to use
sensors without triangulating methods or confirmatory data,
and minimal grounding in sociological theory raise questions
about its reliability, validity, and explanatory power.” (p. 9).
The following paragraphs provide concrete recommendations
for research practice that address the inter-related nature
between sensor platform, analytic interest and contextual
data needs. We thereby focus on broader methodological
considerations that apply to wearable sensors at large; others
have provided practical tips when using Sociometric Badges
(Chaffin et al., 2017; Kayhan et al., 2018; Parker et al., 2018)
or Sociopatterns/OpenBeacons (Elmer et al., 2019) in research.
Ethical considerations including privacy issues are discussed in
Stopczynski et al. (2014); Metcalf and Crawford (2016).

First, the choice of a sensor platform needs to be adjusted
in relation to the research question and a coherent theory
that argues for the correspondence between the sensor-
based indicator and the relevant constructs. No amount of
big data can, by itself, leverage a potential misfit between
sensor metrics and higher-level constructs. The overview of
Tables 3, 4 provide a first orientation regarding diverse social
and psychological concepts explored with different sensor types.
“Creativity” for example has been addressed with three types
of sensors, namely accelerometers, microphone, and proximity-
based sensors (BT or RFID). Researchers interested in exploring
“creativity” or other affect-related concepts are well-advised
to use an integrated solution such as Sociometric badges or
smartphones that can record proximity between participants
as well as body activity and speech features. The importance
of these data dimensions for monitoring “creative” behavioral
markers can justify the relatively higher cost and complex field
logistics involved with Sociometric badges (which require daily
recharging and data download). On the other hand, researchers
interested in monitoring the spread of information or contact
and collaboration patterns more generally are well-advised to
use simpler systems such as the Sociopatterns/OpenBeacons
platform. Although this platform “only” incorporates a proximity
sensor, it is the most efficient solution in terms of cost,
device size and field logistics for delivering the required
“contact” data. Other sensor platforms mentioned in Table 2
cannot be recommended at this point, either because they
have been discontinued (TelosB), they are not available for
researchers (HBM), or they are still under active development
(Rhythm badges).

A second point concerns the recommendations for increasing
the validity of sensor measures. As Parker et al. remark, “most
current sociometric research conducted by computer scientists
and engineers accepts sociometric data at face value” thus
risking to create “large datasets and performing sophisticated
analysis on data of questionable quality, yielding incomplete or
incorrect understandings of small group structure and process”
(Parker et al., 2018, p. 25). As the following examples will show,
researchers have the choice between different methodological
approaches to control the coupling of physical measures, human
behavior, and their social interpretation. A tighter coupling of
behavior to social meaning is usually dependent upon a strict
control of the experimental situation in laboratory settings.
More open and complex situations in field research require the
recollection of complementary, contextual cues to guarantee the
validity of sensor data.

It is important to realize that much of the initial interest
surrounding sensors as powerful new research instrument is
based upon research carried out in the laboratory. The tight
control of the experimental situation eases the interpretative
burden of the sociometric data to a considerable degree, fueling
hopes for capturing “honest signals” (Pentland, 2008). As sensors
can capture a number of elements of body language (i.e., body
posture and movement, vocal behavior such as pitch or volume)
they provide access to subtle, non-verbal behaviors beyond the
literal meaning of words (Hall et al., 2013; Bonaccio et al,
2016). Since these semi-automated behaviors nevertheless steer
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and structure social interactions on a fundamental level, it
becomes conceivable to interpret the physical measurement of
behavioral as “honest” signals of social phenomena. Impressive
results have been reported by Alex “Sandy” Pentland’s group
at MIT using Sociometric badges to predict the outcome of
speed dating events, elevator pitches, or salary negotiations
with surprising precision (see Appendix B of Pentland, 2008,
p. 113ff). However, its worth remembering that the tight
coupling of physical sensor measures to social phenomena in
these initial studies has been achieved by not only setting up
quasi-experimental situations but also by limiting the scope of
the dependent variables of interest. By using simple, binary
outcome variables (win/lose, trade business card/not, higher
salary/lower), relatively high correlations between the sensor
measurements and the dependent variables could be achieved.
In short, it is the control of “context” that “improves” the
validity of the sensor measures as a probabilistic indicator of
“honest signals.”

However, as soon as the outcome variables become more
complex and the context of social interaction is less defined,
theoretical choices regarding the social constructs of interest need
to be fined tuned in relation to the type of sensors deployed
and their dependency on contextual cues. As soon as sensors are
embedded into real-world field settings, the defining feature of
“big data”—namely, having a high (temporal) resolution while
lacking contextual information (Cai and Zhu, 2015)—comes to
the fore. Sensor data is “big” but also “thin” data that needs to
be combined with qualitatively grounded “small data” derived
from interviews, focus groups or participant observation to
unlock their context and hence social meaning (Burrell, 2012;
Curran, 2013; Ford, 2014). Eagle et al. (2009) study comes
here to mind where the interpretation of physical proximity
patterns in terms of “friendship” could be made much more
precise by distinguishing between work- or leisure contexts.
Complementary observations regarding people’s choices when
and where to be near each other provides the contextual
cues to qualify their physical proximity in terms of specific
social relations such as “friendship.” While the observation of
context is key for research about “friendship,” complementary
observations might be less important when exploring the spread
of a contagious disease. In order to study the transmission of
a pathogenic germ in a hospital ward, the observation of the
physical contact pattern is enough because the validity of the
physical proximity measure is a good indicator for contact-
related phenomena. Researchers thus have to decide on the
relation between the physical measure, the targeted construct and
the contextual cues to be observed in order to achieve a better fit
and validity of data.

A further example concerns the contextual observations
necessary for the study of “creativity.” “Creativity” is usually
associated with higher agitation levels in body movement as
well as speech (volume) data (Yano et al., 2015; Parker et al,
2018). However, as Parker at al. argue, “having an ethnographer
in the room was critical for distinguishing between an exciting
scientific episode and a coffee break or photo opportunity”
(Parker et al., 2018, p. 25). The observation of the wider context
anchors the interpretation of the sensor data in relation to

the theoretical interest of the research. The fact that sensor-
based methods apparently reduce field efforts in terms of the
amount and continuous collection of data needs to be balanced
in relation to the additional efforts necessary for contextualizing
the collected data. In this regard, under tight research budgets,
it is crucial to take into account the resources and skills needed
for gathering complementary data by selecting specific events
and episodes of observation or for soliciting comments from
research participants.

The elaboration of a more precise understanding of
observational cues necessary for working with different social and
psychological constructs is an important challenge for the future
of wearable sensor research. How to best distinguish “knowledge
sharing” behavior in proximity data of shared office spaces or
small groups for example is such a problem (Génois and Barrat,
2018). From the data it is not directly deducible if the proximity
of colleagues is a product of seating order, actual collaboration
or even the product of other sources of “bias” such as “people’s
personality, cultural background, or substance consumption”
(Elmer et al., 2019, p. 16). However, addressing validity concerns
of sensor data collected in the field is a first, necessary step
before considering the true potential of this type of new research
instruments, namely to study the temporal dimension of social
phenomena (Leenders et al., 2016). Sensors can contribute for
example to the study of hitherto marginally explored temporal
dimension of “creativity” in organizations by providing a window
on the micro-sequencing of events that are responsible of “flow”
experiences (Csikszentmihalyi, 1975; Gaggioli et al., 2013). Or, to
take the study of leadership emergence as another example: in
combination with new analytical Relational Event Models (Butts,
2008), highly granular sensor data enables a much closer look
at the “microdynamic relational processes” (Carter et al., 2015)
or “micro-origins” (Cook et al., 2019) that govern leadership
emergence. Given the predominance of classical, a-temporal
accounts of many classical research methods, a vast landscape
of sociological and psychological constructs are awaiting to be
rethought by organizational researchers in terms of their genuine
temporal grounding, including the path dependency between
events, their duration, frequencies and cyclicality (Quintane et al.,
2013; Ubaldi et al., 2017).

In this article, we have outlined the rather complex processes
involved when using wearable sensors in social science research.
It counters what is often blind faith in data volume, speed, and
variety. As we have argued, the pitfalls of an uncritical acceptance
of sensor-based data become apparent by contextualizing the
usage of sensor data with MMR rationales as well as basic
notions of social science indicators. To the best of our knowledge,
the current article is the first to explicitly address issues of
wearable sensor research in conjunction with MMR. A careful
examination of available sensor types and their corresponding
social and psychological constructs as outlined in Tables 3, 4
provides the first steps to a more beneficial deployment of sensors
in field research settings. A clear alignment of research question,
theoretical constructs and complementary data needs is key for
successful wearable sensor research. We hope to have contributed
some conceptual clarifications that will provide the framework
for a more realistic assessment of these new, existing instruments
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for social science the potential applications of which are nothing
short of exhilarating.
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Impulsiveness in adolescents and young adults is an important aspect of psychological
research. However, there still is lack of research that relates impulsiveness and motor
performance in those. Thus, we aim to detect the levels of impulsiveness related
to motor skills, motor laterality, spatial orientation, and individual interaction on the
decision-making of adolescents and young adults across three staggered workouts.
The study had 71 participants (563 males and 18 females), ranging in age from 17 to
24 years old (Mage = 18.5 years; SD = 1.72) and classified as non-impulsiveness
(n = 47), impulsiveness (n = 17), and attention deficit hyperactivity disorder (ADHD)
(n = 7). A Mixed Methods research was conducted throughout four research tools
(@ The Observational System of Motor Skills (OSMOS) was used to observe and
detect the movement sequences patterns; (b) The Spanish version of Impulsive
Behavior Scale (UPPS-P) was administered to obtain the impulsiveness profiles; (c)
The Precision and Agility Tapping over Hoops (PATHoops) was carried out to observe
the decision-making and temporal-spatial over movement effectiveness; (d) Motor
Laterality Inventory (MOTORLAT) was applied to obtain the laterality profiles related to
motor skills performance. This Mixed Methods approach has obtained useful results
for impulsiveness in motor situations as the results from the different tools converge
to established three clear profiles of impulsiveness. Participants with ADHD showed
lack of interpersonal interaction, non-resolute decision-making, and lesser richness of
motor skills patterns than non-impulsiveness and impulsiveness subjects. Additionally,
impulsiveness participants also showed rich motor patterns, dyadic interactions, good
decision making in spatial orientation tasks, and more versatile laterality in the lower limbs.

Keywords: impulsive actions, motor skills, behavior coding tool, T-pattern detection, methods integration
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INTRODUCTION

Impulsiveness is widely investigated in adolescents and young
adults mostly related to different addictions such as gambling,
tobacco, drugs, and alcohol consumption (e.g., Wiers et al,
2010; Franco et al., 2016; Secades-Villa et al., 2016). Also,
researchers have studied the relationships between impulsiveness
and aggressive characteristics, pursuing new sensations, and risk
situations (Svebak and Kerr, 1989).

Adolescence is an essential stage in the development of
a human being, characterized by the evolutionary moment
that individuals should consolidate personality, and are most
influenced by all kinds of stimuli. Delimited between by the
ages of 12 and 25, adolescence is divided into three stages: (a)
early adolescence: 12-14 years; (b) middle adolescence: 15-17
years; (c) late adolescence: 18-25 years (Spear, 2013). Therefore,
young adults in their twenties are nowadays considered to be
in late adolescence. During the adolescent period, the control
of the impulses is still regarded as immature (Casey and Jones,
2010), meaning that not only teenagers but young adults look
for new, risky, and impulsive sensations (Cyders and Smith,
2008). These are critical periods in ontogenesis, which the
setting of habits unbalances the personal and social dimensions
(Cerkez et al., 2015).

During the teen stages, impulsiveness is an issue commonly
studied with substance addiction or abuse, attention problems
and attention deficit hyperactivity disorder (ADHD). (Moeller
etal., 2001:1784) define impulsiveness “as a predisposition toward
rapid, unplanned reactions to internal or external stimuli without
regard to the negative consequences of these reactions to the
impulsive individual or to others.” The same authors recognize
impulsiveness, not as an isolated act, but as a pattern of
mechanisms that follow the succeeding phases: (a) Predisposition
to react unexpectedly and quickly; (b) a fast Response without
planning; (c) Action without considering the consequences.

Complementarily, the personality traits studied based on
impulsiveness focus on (a) Motor impulsiveness: thoughtless
behaviors resulted from an immediate response to a stimulus;
(b) Attentional impulsiveness: low control over the intrusion of
thoughts and difficulties for sustained care; (c) Impulsiveness
by unpredictability: precipitate processing of information that
leads to quick and unplanned decisions (Patton et al, 1995;
Barratt et al., 1997); (d) The Quest for Adventure (Eysenck and
Eysenck, 1977) individuals are carried away by the moment
without being aware of the risk of their actions; (e) The Search of
novelty (Cloninger et al., 1993): personality trait associated to an
exploratory activity as response to a new stimulation and usually
focused on the rewards; (f) The search for sensations (Zuckerman,
1990, 2007):the need to experience diverse situations that arise
the sense of physical and social risk. Although the impulsiveness
in risky situations is associated with the scope of Physical Activity
and Sport, the binominal between impulsiveness and motor
performances is scarce (Svebak and Kerr, 1989).

Impulsiveness, Decision-Making, and Goal

Achievement
Dickman (1990, 2000) distinguishes two types of impulsiveness:
dysfunctional impulsiveness and the functional impulsiveness.

On the one hand, dysfunctional impulsiveness is disordered
and unproductive behavior that does not have benefits for the
teenagers and young adults. On the other hand, functional
impulsiveness refers to the trend of acting rapidly with the
possibility of committing errors in processing information,
probably because of the inability to identify relevant elements for
decision-making (Baker and Coté, 2003).

Moreover, functional impulsiveness is related to enthusiasm,
risk-taking, and development of high levels of activity and
audacity (Dickman, 1990, 2000). Aspects that, as a whole,
represent a personality trait that allows the youngsters to
process information quickly and effectively. Relating motor
impulsiveness (Patton et al., 1995; Barratt et al., 1997) with
functional impulsiveness (Dickman, 1990, 2000), in a Physical
Activity and Sport point of view, emerges the relationship
between rapid decision-making capability in the face of a
stimulus (Burnett et al., 2012) and the ability to motor
anticipation (Murgia et al., 2014). We consider that this
relationship is fundamental given the great affluence of motor
skills (Castaner et al., 2018), which can be seen in all kinds
of physical activities and sports. For example, in a 1x1 team
sports situation, a player must decide quickly and instantly to
overcome the opponent, knowing that an improper reading
of the environment could mean losing possession of the ball
(i.e., dysfunctional impulsiveness). On the contrary, a correct
perception and decision, but sometimes risky, could lead to
successful goal achievement (i.e., functional impulsiveness).

At the sporting level, the variables speed and efficiency play
a fundamental role, especially in the information processing,
decision-making and motor execution (Burnett et al., 2012).
From this perspective, it seems logical to reflect what role
impulsiveness plays in rapid, risky and effective decision-making,
and consequently in motor performances.

The review of the scientific literature leads us to raise
the question about whether impulsiveness in motor execution
could be considered always “negative” or prejudicial. On the
line of Dickman and Meyer (1988), we hypothesize that, on
many occasions, the ability to act quickly and impulsively
on risky situations that require effective motor responses are
fundamental, not only in the field of Physical Activity and
Sport but also in everyday life. Considering the interest in the
patterns’ detection of impulsiveness on adolescents and young
adults’ motor responses, we aim to study the relationship of
impulsiveness, motor skills, motor laterality (Bishop et al., 2013;
Castaner et al, 2018) and decision-making (Burnett et al.,
2012) in staggered situations, through a design Mixed Methods
(Castaner et al., 2013). Thus, the objective of this study is to
deepen how impulsiveness affects athletes’ motor responses by
analyzing if impulsiveness generates proactive motor behaviors.

METHOD

The Mixed Methods approaches are increasing especially in
Physical Activity and Sport (Camerino et al, 2012; Castafer
et al., 2013). For this reason, we conducted an embedded Mixed
Methods design to merge the analysis of both impulsiveness and
motor skills behaviors. As can be seen in Figure 1, the embedded
design includes: (a) an adapted version of Observational System
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Tool 1 Tool 2
Observational System Motor Skills(OSMOS Impulsive Behavior Scale (UPPS-P)
QUAN Data & Results QUAL Data & Results
. [ |

Tool3 and 4
Precision and Agility Tapping over Hoops task (PATHoops)
Motor Laterality inventory (MOTORLAT)

FIGURE 1 | Embedded Mixed Methods design.

Combined Interpretation I

of Motor Skills (OSMOS) (Castaiier et al., 2009, 2016) to observe
the motor behaviors; (b) The Spanish version of Impulsive
Behavior Scale (UPPS-P) to obtain the impulsiveness profiles;
(c) The Precision and Agility Tapping over Hoops (PATHoops)
(Castanier et al., 2018), to observe the decision-making in the
temporo-spatial organization; and (d) Motor Laterality Inventory
(MOTORLAT) (Castaner et al., 2010, 2018), to get the laterality
profiles of motor skills performance.

Participants

A total of 71 participants (53 males and 18 females) ranging in age
from 18 to 24 years (M,ge = 18.5 years; SD = 1.72) that regularly
attended the Physical Education course were analyzed. They
performed three staggered situations from closed to open motor
tasks in classes. Previously, all participants were notified about
the study, and they signed a written informed consent form to
participate in the research. As for the observational methodology,
the observation sessions were conducted in a natural context,
specifically we observed the participants’ development in the
scholar sessions, therefore the institution has a consent form
about image privacy that students enrolling at the school are
required to sign. The study was approved by the ethics committee
of Sports Medicine and Health of Catalan Counseling of Sport,
Barcelona, Spain (code 10-2018-CEICGC).

Materials

Impulsive Behavior Scale (UPPS-P)

The UPPS-P (Cyders et al, 2014) is used to measure
impulsiveness facets. The tool, comprised of five facets and 20
items in total, evidenced good internal consistency across their
subscales (Cyders et al., 2014). The five facets separately assess
the following dimensions: (1) Sensation Seeking; (2) Lack of

premeditation; (3) Lack of perseverance; (4) Negative urgency; and
(5) Positive urgency. Each dimension comprises four items with a
Likert scale from 1 to 4 (1: Strongly Agree, 2: Agree, 3; Disagree,
and 4: Strongly Disagree). Three of these facets serve to identify
ADHD disorder (Geurten et al., 2018). The Spanish version of
UPPS-P (Candido et al., 2012) was used in this study.

Observational System of Motor Skills (OSMOS)

An adaptation of the observation instrument OSMOS (Castaner
et al, 2009, 2016) was used, with a minimal optimization
of criteria (Table1). The instrument includes eight criteria:
(1) Appropriateness of motor responses (adequateness of the
participant’s response); (2) Stability (motor actions without
displacement of the body, ie., turns, jumps, and balances);
(3) Locomotion (motor actions that require displacement of
the body); (4) Manipulation (motor actions performed with
material or other participants contact); (5) Space (changes of
direction or height levels); (6) Zone (area where the participant
moves); (7) Time (performing pauses and changes of rhythm);
(8) Interaction (including dyadic, group or both interactive
behaviors). Each criterion was expanded to build an exhaustive
and mutually exclusive observation system tool that included, in
total, 25 categories.

Motor Laterality Inventory (MOTORLAT)

The MOTORLAT (Castanier et al., 2018) was used in the study
to detect laterality profiles from motor skills performance. It
consists of four criteria from OSMOS instrument (Castafer
et al.,, 2009, 2012), but each criterion was expanded to build
an exhaustive and mutually exclusive total of 30 items of
fundamental and combined motor skills. The description of the
four criteria are: (1) locomotion skills: actions that require the
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TABLE 1 | An adaptation of the observation instrument OSMOS (Castafier et al., 2009, 2016).

Criterion Category Code Description
Appropriateness of responses Inappropriate motor responses IMR Motor actions and interactive behaviors that the participant performs unrelated
to the task.
Stability Support stability SS Motor skills that enable body balance to be maintained over one or several body
support points, without producing locomotion (e.g., balancing actions).
Elevation stability ES Motor skills that enable the body to get off the ground without locomotion (e.g.,
jumps).
Axial stability AS Motor skills that enable body axes and planes to be varied from a fixed point,
without producing locomotion (e.g., turns).
Combination of Stability COSs Combination of the previous criterion’s categories.
Locomotion Propulsion-stop locomotion PSL Motor skills that occur at the start and finish of a body movement through space.
Sequential rebalance locomotion SRL Motor skills that enable displacement through the priority sequence of actions of
the lower limbs segments (bipedal locomotion) or upper limbs (in inversion).
Simultaneous coordinated locomotion SCL Motor skills that enable displacement through the combined action of all body
segments (e.g., quadrupedal locomotion).
Combination of Locomotion CcOoL Combination of the previous criterion’s categories.
Manipulation Impact manipulation M Motor skills in which certain body zones briefly contact with objects or other
people.
Conduction manipulation CM Motor skills in which certain segments handle (for a given period of time) objects
or other people.
Combination of Manipulation COM Combination of the previous criterion’s categories.
Space Change in spatial direction CsD Variations between the different levels of the horizontal component of
displacement.
Change of spatial level CSL Variations between the different levels of the vertical component of displacement
(low or floor, middle or bipedal, upper or aerial work).
Maintenance in the same space MSS The participant stands in the same area of the space.
Combination of variations in body CSP Combination of the previous criterion’s categories.
posture/gestures and spatial direction
Zone Central CEN The participant moves in the middle area of the space.
Peripheral PER The participant moves in the external area of the space apart from the corners.
Corner COR The participant moves in the vertices of the space.
Time Change of Rhythm CRY When there is a clear observable tempo variation of a motor action.
Pause PAU When the participant remains in a static position.
Interaction Dyadic interaction DY! Synergy with a partner.
Group interaction GRI Synergy with more than one other member that act together.
Non-interaction NIN Inexistence of synergies.
Combination of Interaction COl Combination of the previous criterion’s categories.

] [

OOOOO
OO
OO
OO

OOOOO
SO
el
SO

FIGURE 2 | PATHoops Task. (Left) Starting position from the narrow side of
PATHoops. (Right) Starting position from the wide side of PATHoops
(Castafier et al., 2018).

body to move from one point to another across space; (2) stability
skills: actions that do not require the body to move from one point
to another across space (i.e., jumping, balancing and turning);

(3) manipulation skills: actions that require the manipulation
of objects or other people with the limbs of the body; and
(4) combined skills: actions that combine one or more of the
locomotion, stability and manipulation skills criteria.

The Precision and Agility Tapping Over Hoops Task
(PATHoops)

The PATHoops (Castafier et al., 2018) consists of a task in which
“participants, standing on both feet, were asked to perform a path
by stepping in each of 14 hoops arranged in a triangular shape
on the floor. In addition, participants were asked to perform
the PATHoops task from both sides” (Castaiier et al., 2018,
p- 4). Figure 2 illustrates the position of the participants in
front of the hoops’ distribution. The task allows to observe the
decision-making of participants during the entire task, that is,
stepping quickly and exclusively into all the single 14 hoops.
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FIGURE 3 | The screen of software LINCE (Gabin et al., 2012). Written informed parental consent was obtained for the publication of this image.

For instance, previous research (Castafer et al., 2018), applied
to young athletes, has demonstrated that zigzag way, which is
covering from one wing to the other wing of the triangular figure,
is the optimal way to perform the task skillfully.

Procedure

Firstly, we administered the short Spanish version of the UPPS-
P (Céandido et al.,, 2012) in order to obtain the impulsiveness
profiles of the participants. Likert values of the items 1, 4,
5, 7, 12, and 19 items from the short Spanish version of the
UPPS-P scale were analyzed following the protocol of reverse
data. Once the impulsiveness profiles were obtained, we proceed
to register the staggered workouts that were introduced into three
different normal Physical Education classes. The three workouts
had a duration of 5min each one and consisted of performing
individual motor skills into the three following designs:

1) Different materials (e.g., balls, hoops, ropes) were placed
together in different zones of the space. Participants could
use these materials into the zones without interacting
among them.

2) Same materials (e.g., balls, hoops, ropes) were in the same
zone of the space and participants could use them and only
group interaction was allowed.

3) Participants could use material and interaction in a freely way.

MOTORLAT inventory and PATHoops task were administered
individually in following Physical Education classes to preserve
the personal decision-making and exclude imitation on
workouts’ performance.

Data Analysis

The OSMOS behavior coding tool and the videos of the staggered
workouts were coded using LINCEv.1.2.1 (Gabin et al., 2012)
by two experts on motor behavior. Intra-observer and inter-
observer reliability were calculated in LINCE software before the
full data set codification obtaining a kappa statistic of 0.95 and
0.91, respectively, which guarantees the interpretive rigor of the
coding process. LINCE software is a highly useful software that
facilitates the systematic observation of behaviors and integrates
a wide range of functions such as coding, data quality check
and conversion to several data extensions, which helps the
exportation to several statistical analysis software. Figure 3 shows
a screen capture of coding data in LINCE.

THEME software package (Magnusson et al., 2016) was used
to T-pattern detection of observational data. THEME software is
a data analysis research tool that has been increasing the interest
of researchers for the last two decades to obtain T-patterns, which
essentially uses an algorithm to compare all coded behaviors
from the simplest to the most complex combinations. THEME
software underlines the detection of a statistically significant
chain of behaviors as has to deal with a great amount of
behavioral events. To avoid that T-patterns are discovered only
by chance, THEME works by randomizing and re-analyzing
the original data repeatedly using the same search parameters
(Casarrubea et al., 2015).

Laterality profiles were obtained by cluster analysis and
subsequent correlational analyses were carried out as we have
conducted in previous studies (Castafier et al., 2018). Internal
assessment of this was done by correlational analysis between
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FIGURE 4 | Values of the types of impulsiveness from the five distinct facets of
the Impulsive Behavior Scale (SUPPS-P).

the motor skills of the MOTORLAT items (Table 3). As that
previous study (Castanier et al., 2018), a contingency analysis was
used to cross the limb dominance criteria from the MOTORLAT
inventory and their relationships with the spatial orientation
criteria from the PATHoops task.

RESULTS

Impulsiveness Profiles

The values of SUPPS-Ps five facets revealed a total of
54 impulsiveness profiles of the total 71 participants. We
differentiated three profiles: impulsiveness (n = 47); ADHD
(n = 7); and non-impulsiveness (n 17). Results showed a
notable difference between impulsiveness and non-impulsiveness
participants; mainly in the facets described by Geurten et al.
(2018) namely lack of premeditation, positive urgency, and
negative urgency (Figure 4).

The data obtained from item 9 of the UPPS-B which refers to
the joy of taking risks, and which belongs to the facet of sensation
seeking, have shown that the majority of participants agreed with
the enjoyment of taking risks. For instance, 71.4 and 57.4% of
the participants with ADHD and with impulsiveness Strongly
Agree, respectively. Moreover, impulsiveness (42.6%) and non-
impulsiveness (58.9%) participants responded to Agree (Table 2).

Laterality Profile and Spatial Orientation
The motor skills of kicking and touching a ball with the
feet, which were assessed by MOTORLAT inventory, showed
differences between participants. Non-impulsiveness participants
used mainly the right foot in both motor skills (94.1% for kicking
a ball, and 88.2% for touching a ball). On the other hand,
participants with impulsiveness and with ADHD showed greater
use of the left foot. For instance impulsiveness participants
reduced the use of right foot to 78.7% for kicking a ball and 70.2%
for touching a ball, and ADHD participants decreased the use of
right foot to 71.4% for both actions of kicking and touching a ball.
The administration of the PATHoops task revealed two
interesting data, one related to the foot that the participants
used to start the task (Table4) and the description that

TABLE 2 | Item 9 UPPS- R, | quite enjoy taking risks vs. Impulsiveness type.

Impulsiveness type Total
Impulsiveness ADHD Non-
impulsiveness
9.- | quite Disagree 0 0 0 0
enjoy taking ~ Strongly
risks.
Disagree 0 0 4 4
Disagree
Agree 20 2 10 32
Strongly 27 5 3 35
Agree
Total 47 7 17 71
TABLE 3 | Skilled foot vs. Impulsiveness types.
Impulsiveness types Total
Impulsiveness ADHD Non-
impulsiveness
Foot used Right 37 5 16 58
to kick the
ball
Left 10 2 1 13
The foot Right 33 5 15 53
that
touches the
ball
Left 14 2 2 18
Total 47 7 17 71
TABLE 4 | The foot that starts the Hoops task vs. Impulsiveness type.
Impulsiveness type Total
Impulsiveness ADHD Non-
impulsiveness
Foot to start ~ Right 25 5 13 43
the task
Left 22 2 4 28
Total 47 7 17 71

they give to how to perform the entire task (Table5).
Table4 shows that non-impulsiveness, impulsiveness and
ADHD participants use the right foot 76.4, 53.1, and
71.4%, respectively.

Complementarily, Table 5 distinguishes the participants who
complete the entire task by performing a zigzag way (non-
impulsiveness by 58.8%; impulsiveness by 68%; and ADHD
by 28.5%) from those who perform the task describing other
ways (non-impulsiveness by 41.1%; impulsiveness by 31.9%; and
ADHD by 71.4%).
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TABLE 5 | Decision making of the way in HOOPs vs. Impulsiveness types.

Impulsiveness types Total
Impulsiveness ADHD Non-
impulsiveness

The Way of  Zigzag 32 2 10 54
HOOPs way

Other 15 5 7 27

way
Total 47 7 17 71

Motor Behavior T-Pattern Detection

From the total participants’ data, we have only obtained T-
patterns in the second workout. Thus, we selected the three most
relevant—not due to its complexity but because of its clarity
to the motor skills performed—to explain the motor behavior
of each three levels of impulsiveness. We expose these three
T-patterns regarding each type of impulsiveness (Figure 5).

DISCUSSION

The discussion section is structured following the order of the
results of the different tools that have fulfilled the Mixed Methods
approach (Castafier et al., 2013; Anguera et al., 2017), which was
used to obtain a broader interpretation of impulsiveness profiles
and workout performances of adolescents and young adults.

Impulsiveness and Motor Behavior

The results from the Spanish version of UPPS-P scale showed
a notable difference between the impulsiveness and the non-
impulsiveness participants, mainly in the facets of lack of
premeditation, positive urgency and negative urgency (Geurten
et al., 2018). Most participants agreed with the idea to search
for new experiences and sensation seeking. While participants
with ADHD agreed with taking risks without taking care of
the consequences, the other participants with impulsiveness and
non-impulsiveness preferred to establish premeditation. These
results corroborate with the studies of Cyders and Smith (2008)
and Miller et al. (2003). The latter about young adults with
ADHD that showed antisocial responses with sensation seeking
without premeditation.

Questionnaires have certainly made a useful contribution
in detecting the facets of impulsiveness. Nevertheless, to state
how participants with diverse types of impulsiveness perform
motor behaviors, they must be in a natural context (Anguera,
2003). In this sense, Anguera et al. (2012), Hudak et al. (2017)
from the neurosciences field, argue that protocols developed on
laboratories must be translated to real-world conditions. For this
reason, this study was conducted on Physical Education settings,
where an inventory of motor laterality, a task of decision-
making, spatial orientation and three staggered motor situations
were introduced.

Decision-Making in Body Laterality Uses and Spatial
Orientation

Related to motor laterality profile of participants in the uses
of the upper and lower limbs, MOTORLAT inventory revealed
that only the motor skills of kicking and touching a ball with

a foot showed differences between participants’ impulsiveness
types. Specifically, non-impulsiveness subjects used more times
the right foot in both motor skills, and the impulsiveness and
ADHD ones showed a higher percentage of preference for the
left foot. These results support the scientific literature about
left- and mixed- footedness associated with ADHD (Tran and
Voracek, 2016). These authors found that mixed-footedness
was not only probably associated with ADHD but also related
to higher inattention and impulsiveness. Furthermore, mixed
laterality can be a versatile and rich skill to perform successfully
in multifaceted environments (Chapple and Johnson, 2007),
and of interest to optimize the athletes complex movements
performance (Loffing et al., 2016). In this regard, previous
research in football concluded that Lionel Messi—a left-
footed top-player—is a good example of motor versatility as
he uses successfully mixed laterality in several motor skills
(Castaner et al., 2016, 2017a,b).

How can we know whether the mixed laterality optimizes
or not motor behaviors? We obtained the answer to this
question from the analysis of participants’ decision-making
used in PATHoops task, as data analysis show two interesting
results: (a) the foot selected by participants to start the task and
(b) the way described to perform the entire task throughout
the 14 hoops. On the one hand, results obtained shows the
similarity between the selected foot to start PATHoops task
and MOTORLAT scores for kicking and touching a ball.
For instance, non-impulsiveness participants used mainly the
right foot, while the other participants chose sufficiently the
left foot.

On the other hand, we consider that the participants’
description of the way to perform the task, explains clearly the
optimal decision-making on motor behavior to solve tasks, as
in this task can be observed the decision-making of participants
to complete the entire task that is, stepping quickly into all
the 14 hoops without repeating anyone. As we stated, previous
research demonstrated that young athletes use a zigzag way that
is, covering from one wing to the other wing of the triangular
figure, to perform the task skillfully (Castader et al., 2018). In
our research, results have shown that non-impulsiveness and
impulsiveness participants decide sufficiently this zigzag way. On
the contrary a high percentage of ADHA participants decided to
perform another way, which is not so optimal to decide spatial
orientation according to decision-making theories (Baker and
Coté, 2003; Aguilar et al., 2018).

Performing Motor and Interactive Patterns

Results from T-patterns were obtained mainly from the second
workout (i.e., one T-pattern) but none from the first workout.
The fact that the first workout did not provide any motor
behavior T-pattern can be logically explained due to the rules of
the situation: (a) the lack of interaction and (b) the constriction
to use the material only in where it was placed. In these kinds
of situations, participants did not know what to do and often
spotted their motor actions in isolate ways without a sense.
An aspect that corroborates with researches focused on motor
interaction (Aguilar et al., 2018). Similarly, the third workout
(based on full interaction and use of material) that appeared very
creative or motor behavior enhancing, have not produced enough
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IM, CSD, CEN, CRY, GRI

Participant impacts a material
changing the spatial direction in the
center of the space, meanwhile change
rhythm and interact with a group of
participants

CEN, PAU, GRI

The participant stands pausing in
the center of the space,
interacting with others

IM, CSD, CEN, CRY, GRI

Participantimpacts a material
changing the spatial directionin the
center ofthe space, meanwhile change
rhythm and interact with a group of
participants

Non-impulsiveness

FIGURE 5 | The three most relevant T-patterns of each type of impulsiveness.

SRL, CEN, CRY, NIN

Participant walks o runsin the center of
the space, making changes of rhythm
without interacting with others

CEN,PAU,DY

The participant stands in a pause
in the center of the space,
interacting with another

SRL, CEN, CRY, NIN interacting with others
Participant walks o runsin the center of
the space, making changes of rhythm
without interacting with others
ADHD

Impulsiveness

MSS, COR, PAU, NIN

Participant remains more than half a
minute paused ata corner of the space
without interacting with others

IM, MSS, COR, NIN

Participantimpacts a material
remaining more than half of a minute in
a corner of the space without

T-patterns. It seems that excess of materials, non-restrictions in
the ways to use them and interacting with others are a detriment
to the richness of motor behaviors (Castaner et al., 2011, 2016;
Casarrubea et al., 2018).

Curiously, the T-patterns obtained from each one of
impulsiveness types shows a diminishing use of interactive
responses that go from (a) a continuous interaction in the
group of non-impulsiveness participants; (b) a punctual
dyadic interaction of impulsiveness participants to; (c)
none interaction of ADHD participants. Additionally, T-
patterns of non-impulsiveness and impulsiveness types
offer richer combinations of motor behaviors than ADHD
type. In respect to the temporal and spatial facets, non-
impulsiveness and impulsiveness participants use the center
of the space and perform changes of actions rhythm.
Contrarily, ADHD remained on a corner area and made

pauses. All these characteristics could be related to the
facet of negative urgency, which implies that impulsiveness
responses are sometimes performed in an antisocial

way (Cyders et al., 2007).

Merging Motor and Cognitive Processes
Cognitive processes are related to motor mechanisms and
both optimize our actions. In fact, studies using neuroimaging
confirmed that people with brain injuries or development
disorders have a fundamental interrelationship between the
motor and cognitive progressions (see Diamond, 2000, for a
review). For example, brain imaging studies have shown a strong
functional coupling between brain regions, which traditionally it
was thought to be sustained exclusively by cognitive processes or
motor ones (Stoodley, 2012). Recently, Ithas beensuggested that
cognition provides the basis for many different social-cognitive
skills (Gallese et al., 2009).

Moreover, studies in cognitive neuroscience have been
implying the existence of a common neural mechanism that
could be responsible for the actions and understandings of
intention skills in both humans and non-human primates. These
findings have revealed that the cortical area related to the
movement of the body, which was always confined to the role of
simple action, programming, and execution plays a crucial role
in complex cognitive skills such as understanding the intentions
and objectives of the actions.

We consider that our study adds knowledge to those
research by offering a Mixed Method approach that deepens
how impulsiveness can enhance optimal motor performances.
However, this study has the limitation of not disposing sufficient
number of ADHD participants to corroborate with more type
of responses.

CONCLUSION

In this study, we pointed out a methodological and a
substantive research aspect to fulfill practical implementations
and theoretical approaches over impulsiveness, respectively.

Methodologically, professionals and researches should choose
to apply more than a single tool (e.g., standard tests) as
Mixed Methods research (Anguera et al., 2012, 2017; Camerino
et al., 2012; Castafier et al., 2013) have ensured here a broader
understanding of impulsiveness. In our specific case using the
SUPPS-P scale, the MOTORLAT inventory, the PATHoops task,
and the OSMOS behavior coding tool.

Related to the substantive aspect to fullfill theoretical
approaches impulsiveness, professionals such as
psychologists, educators, and neuroscientists, should have
in mind that impulsiveness, when not associated to deficits
or disorders (e.g., ADHD), is far to be considerate negative
and frequently optimize motor situations. In fact, sportsmen

over
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with impulsiveness characteristics enhance: (a) richness of
motor skills and spatial interpretations (Castafier et al., 2018);
(b) richness of motor patterns in open motor situations
(Aguilar et al,, 2018), as they enhance technical and tactical
strategies in sport teams (Castafier et al., 2017a); (c) and
interpersonal interaction (Kang et al, 2011). In sum, we
would point out that cognitive processes are closely related
to motor ones and both of them seem to improve the
driving cognitive optimization that is acquired throughout
evolutionary stages.
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Students who have high abilities demand educational responses, both inside and outside
of the classroom. The best type of educational strategy depends on the characteristics
of the students, the school, the educational system, and the country. For this reason,
the level of attention paid to high-ability students can vary across nations. To guarantee
the efficacy of programs that are implemented both inside and outside of schoal, it is
essential to offer to these students the support that they need. The students’ parents
are a fundamental component of this scenario. This study evaluates the educational
support provided to students with high abilities from a parental perspective. This
study’s aim is to evaluate the opinions that parents in several countries hold about the
educational responses to gifted students, as well as to compare the types of strategies
implemented in these countries’ respective educational systems. Parents of students
with high abilities completed an ad hoc online questionnaire that was designed to identify
the types of educational responses, the students’ participation in enrichment programs
(inside and outside of school), the parents’ level of satisfaction with these programs,
and any difficulties or problems that occurred. A mixed methodology was used, with
both quantitative and qualitative survey questions. ALCESTE software was used to
analyze the open-ended (qualitative) questions. This research, which was directed by the
Network of Research, Intervention and Evaluation in High Intellectual Abilities, focused
on three countries: Mexico, Argentina, and Spain. Descriptive analysis were carried
out for analyzing the questions related with the educational support and demographic
information. Qualitative analysis were used to analyze open-ended questions. The results
provide evidence on which types of educational responses are being implemented in
those countries, how they are being used, and whether they offer appropriate support
for the needs of high-ability students.
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INTRODUCTION

Students with high intellectual abilities constitute a highly
heterogeneous group, which is why there is no consensus about
the characteristics that define them (Lopez Andrada et al,
2000; Colangelo and Davis, 2003; Pérez, 2006; Matthews and
Yun Dai, 2014). However, these students’ cognitive functioning
differs from that of their normative peer (Sastre-Riba and
Domenech, 1999; Sastre-Riba, 2008). Researchers have confirmed
that students with high intellectual abilities have cognitive activity
that is characterized by high learning speed, good capacity for
(and flexibility in) understanding and solving complex problems,
high efficiency at generating new strategies to solve each problem,
and intellectual precocity (Sastre-Riba and Domenech, 1999;
Cross and Coleman, 2005; Van Tassel-Baska, 2013; Verche et al.,
2018). According to Geake (2009), these traits can be explained
by this group’s greater plasticity and efficiency, which contribute
to extensive attentional processes that facilitate the management
of cognitive performance through working memory, flexibility,
and inhibition (Sastre-Riba and Viana-Sanz, 2016; Sastre-Riba
and Ortiz, 2018; Rodriguez-Naveiras, in preparation).

With regard to high-ability students’ cognitive needs, three
educational responses can be distinguished, according to
the classification established by Southern and Jones (2004):
acceleration, enrichment, and grouping. Researchers have
described the characteristics of each of these strategies in depth
(e.g., Colangelo and Davis, 2003; Colangelo and Assouline, 2009;
Subotnik et al., 2011; Tourdn, 2012; Elices et al., 2013).

Briefly, the acceleration response consists of promoting
students’ educational advancement at a higher speed than
regulations typically allow; the enrichment response involves
the implementation of activities or programs that add depth
to certain aspects of the curriculum; finally, the grouping
response consists of providing students with full-time or part-
time education separate from their regular classrooms; or
to create different groups within the classroom according
to the level or ability of the students. These educational
strategies have all been implemented in many countries for
years. However, their effects on participants are still under
investigation. Recently, with regard to the effects of participating
in enrichment programs, researchers have reported positive
results at the personal and academic levels (Borges et al,
20164, 2017; Kim, 2016; Rodriguez-Naveiras and Borges, 2016;
Cadenas and Borges, 2017; Jen, 2017; Jen et al., 2017; Rodriguez-
Dorta et al., 2017). Similarly, researchers have identified the
benefits of acceleration (Colangelo et al., 2004; Kulik, 2004;
Jiménez et al., 2006; Hoogeveen, 2008; Colangelo and Assouline,
2009; Hoogeveen et al., 2012). Finally, full-time education in
specialized centers also represents an adequate option, as it has
produced positive results in terms of academic performance and
development (Pérez, 2012; Tourén, 2012), with a greater presence
outside Spain.

The types of strategies that should be carried out depend on
the student, the school, the family, the educational system and, of
course, the country’s legislation. Choosing a strategy is a decision
of vital importance, and it requires the rigor and scientific basis
that research can provide.

All the countries involved on this research have current
legislation that relates to students with high intellectual abilities.
Spain’s Organic Law (Ley Organica 2/2006, del 3 de mayo
de Educacién) (LOE)!, obligates school administrations to
adopt measures that allow for the optimal development of
these students capacities. In addition, the Span’s Organic
Law (Ley Orgdnica 8/2013, de 9 de diciembre)?, relates to
improving educational quality for these students; it modifies the
previous law.

In Mexico, the Ministry of Education (SEP, 2006) proposed
that enrichment be applied in the classroom to serve high-ability
students. Subsequently, in 2013, children were allowed to attend
school before the standard age or to advance by a grade level if
there was reason to support such actions. In 2017, the General
Education Law was modified to create a full-time education
program for the gifted population.

Argentina first considered the education of children with
high abilities in 1992 with the approval of the Federal Law
of Education (Ministerio de Educacion, 1993). Currently, the
National Education Law is in force; it proposes that programs
be designed for the identification, early evaluation, monitoring,
and orientation of high-ability students, as well as to allow those
students greater flexibility.

It is worth highlighting that, in these countries, even though
there are laws that regulate the attention provided to these
students, there is still a long way to go before every student
receives the education they need. A previous study confirms
this idea (Borges et al., 2016b) where 274 parents from different
nationalities with children with high abilities completed a survey
about the type of educational intervention received. Results
obtained showed that the 57% of the sample responded their
children did not receive any sort of educational response at
school. Specifically, in Spain in the 2016-2017 school year, out
of all 8,135,876 students enrolled from preschool through high
school, only 27,133 (0.33% of the total enrolled) received such an
intervention (Ministerio de Educacion y Formacion Profesional,
2017). Similarly, in Mexico in the 2017-2018 academic year, there
were 14,020,204 primary-school students, but only 107,365 pupils
received educational support, that is, 0.7% (SEP, 2018). These
are striking figures considering that the proportion of gifted
students—understood as being those with an intellectual quotient
>130—should be approximately 2%; this proportion increases to
between 10 and 20% if the focus is on talents instead of intellect
(Herndndez and Gutiérrez-Sanchez, 2014).

The family plays a fundamental role in the development
of children with high intellectual abilities. One of the
most prominent and relevant models in this framework
is Brofenbrenner’s (1976) ecological model (see also
Bronfrenbrenner ~and  Morris, 1998;  Arranz,  2005;
Bronfenbrenner, 2005). This model identifies the systems that
can affect both a person’s development and his or her behavior.
Of special relevance is the microsystem, which is defined by a

!Ley Organica 2/2006, 3 de Mayo de Educacion (LOE), BOE, n°106, 4 de mayo de
2006.

2Ley Organica 8/2013, de 9 de diciembre, para la mejora de la calidad educativa,
BOE, n°295, 10 de diciembre de 2013.
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person’s interaction with his or her family and close friends.
Within the family context, this model distinguishes between
two types of influential variables: ecological (e.g., socioeconomic
status or parental age) and interactive (e.g., parental educational
style). Researchers have studied how factors such as culture and
socioeconomic level relate to the diagnosis of high capacities
(Miller and Gentry, 2010; Castellanos Simons et al., 2015), and
they have found that students from medium and medium-high
socioeconomic status are more likely than those of lower status
to be diagnosed with high intellectual abilities. The family
context is also of great relevance in the theoretical models that
seek to explain the origin and development of high intellectual
capacities from a systemic perspective (Tannenbaum, 1986;
Monks, 1992; Ziegler, 2005; Ziegler and Phillipson, 2012; Gagné,
2015). However, only a few researchers have addressed the
education of high-ability students from the parental perspective
(Garn et al., 2010, 2012; Cadenas and Borges, 2012; Weber and
Stanley, 2012; Garn and Jolly, 2015; Rodriguez-Naveiras and
Borges, 2016; Borges et al., 2017; Rodriguez-Dorta et al., 2017).

This work is intended to address parents’ opinions of the
educational responses that their children receive. The specific
objectives of the study are (1) to examine parents’ understanding
of educational responses; (2) to detect which types of educational
responses are implemented and what parents believe about them;
and (3) to identify the problems that both parents and children
have in relation to the children’s schools.

MATERIALS AND METHODS
Methodology and Design

This research used a mixed methodology (Johnson and
Onwuegbuzie, 2004; Denscombe, 2008). The data were collected
using a cross-sectional design based on a survey composed of
open-ended questions that allow for qualitative analysis.

Participants

The participants in this research comprised 243 Spanish-speaking
parents. Most of the participants were from Spain (52.7%), and
the remainder were from Mexico (35.4%) or Argentina (11.9%).
The mean (standard deviation) age of the participants was 41.42
(5.49) years, and 87.2% of the parents were female. Regarding
the participants’ educational level, 44.9% had an undergraduate
university degree but not a graduate degree, and another 25.5%
went to High School. Finally, 27.2% of the participants had one
child who had been diagnosed with high abilities, and 61.3%
had two such children. The data for gender, nationality, level
of education, and number of children diagnosed are shown
in Table 1.

Instruments

An ad hoc online questionnaire was designed to collect the
data; it consists of 68 open-ended and closed-ended questions
on the following aspects: the diagnosis, the type of educational
response, the children’s participation in intra- and extracurricular
programs, the degree of satisfaction with the intervention
programs, and the difficulties encountered. For this study, 16 of
the 68 total items were selected for analysis. The complete version

TABLE 1 | Description of the participants.

N %

Gender

Male 31 12.8

Female 212 87.2
Country

Spain 128 52.7

Mexico 86 35.4

Argentina 29 11.9
Highest level Of education completed

Primary school 11 4.5

High school 62 25.5

Undergraduate degree 109 44.9

Master’s degree 45 18.5

PhD degree 16 6.6
Number of children diagnosed

1 66 27.2

2 149 61.3

3 24 9.9

4 3 1.2

5 1 0.4

%, percentage.

of the survey in Spanish and the translation of each item into
English is presented in Table 2. The quantitative and qualitative
items analyzed are presented in Table 3.

Procedure

The University of La Laguna’s Ethics Committee of Research
and Animal Welfare has approved this research (registration
number CEIBA2018-0300). In addition, the Network for
Research, Intervention and Evaluation in High Intellectual
Capabilities-REINEVA  (http://reineva.gtisd.net/) participated
in the dissemination of the questionnaire; this group’s
objective is to integrate specialists who are interested
in studying high-ability children. The data-collection
process began in May 2018 and ended in October of the
same year.

The questionnaire was answered by adults over the age
of 18 who are parents of children with high capacities. The
questionnaire was filled in online; by answering it participants
gave informed consent. Additionally, the aim of the research
was included before completing the survey. This questionnaire is
totally anonymous and no personal information was requested.
We asked the parents’ opinion of the educational response to
their diagnosed children.

Once the data were collected, the participants were selected
based on the filter question, “Which of the following labels has
the school applied to your child?” Only the parents who listed a
label of gifted on this question were considered.

After the data collection the analysis previously described
were carried out with the answers of the participants in their
mother tongue (Spanish). After the analysis, the results were
translated into English.
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TABLE 2 | Survey items.

Dimension

Spanish survey

English survey

Identification variables

Definition

Diagnosis

Educational response

Diagnosis

Edad

Sexo

Pais

Nivel de estudio

Profesién/ocupacion

Numero de hijos/as

¢ Qué entiende usted por alta capacidad/superdotacion/talento?

¢+ Se ha diagnosticado a alguno de sus hijos con alguna de estas
etiquetas (sefalar la que se le haya dado)?

Altas capacidades

Superdotacion

Sobredotacion

Alumno/a sobresaliente

Talento

No

Otro

1. ¢Cémo considera usted que deberia hacerse el diagnostico de
altas capacidades/ superdotacién/talento?

2. ¢A cuantos de sus hijos se ha diagnosticado de alta
capacidad/superdotacion/talento?

3. ¢ Considera que deberia recibir una atencion dentro de la escuela
acorde a sus capacidades?

Si

No

4. En caso afirmativo, ¢de qué tipo?

5. Edad del primer hijo/a diagnosticado

6. Sexo del primer hijo/a diagnosticado

Varén

Mujer

7. ¢ Qué profesional (incluir la titulacion) realizé el diagnéstico?
8. ¢,Qué opinion le merece el diagndstico realizado a su hijo/a?

9. En cuanto al tiempo transcurrido desde la deteccion (cuando
alguien consider6 que podia ser de altas capacidades, hasta que se le
pasaron las pruebas para determinar el diagndstico), usted esta:

1. Nada de acuerdo

2. En desacuerdo

3. Ni de acuerdo ni en desacuerdo

4. De acuerdo

5. Totalmente de acuerdo

10. En cuanto a la capacidad profesional de quienes realizaron el
diagndstico, usted esta:

1. Nada de acuerdo

2. En desacuerdo

3. Ni de acuerdo ni en desacuerdo

4. De acuerdo

5. Totalmente de acuerdo

11. En cuanto a las pruebas pasadas para diagnosticar las altas
capacidades, usted esta:

1. Nada de acuerdo

2. En desacuerdo

3. Ni de acuerdo ni en desacuerdo

4. De acuerdo

5. Totalmente de acuerdo

Age

Gender

Country

Educational level

Profession/Occupation

Number of children

What do you understand by high capacity/giftedness/talent?

Have any of your children been diagnosed with any of these labels
(indicate which of them)?

High capacities

Giftedness

Outstanding student

Talented

None

Other

1. How do you consider the diagnosis of high
abilities/giftedness/talent should be made?

2. How many of your children have been diagnosed with high
ability/giftedness/talent?

3. Do you think you should receive care within the school according
to your abilities?

Yes

No

4. If the answer is yes, please mention what kind
5. Age of the first diagnosed child

6. Gender of the first diagnosed child
Male
Female

7. What professional (please include the degree) did the diagnosis?
8. What is your opinion of the diagnosis made to your child?

9. Regarding the time elapsed since the detection/diagnosis (when
someone considered that he/she could be of high abilities, until
he/she passed the tests to determine the diagnosis), what are your
feelings:

1. Totally disagree

2. Disagree

3. Neither agree nor disagree

4. Agree

5. Totally agree

10. Regarding the professional capacity of those who carried out
the diagnosis, what are your feelings:

1. Totally disagree

2. Disagree

3. Neither agree nor disagree

4. Agree

5. Totally agree

11. As for the tests and exams to diagnose the high capacities, you
feel?

1. Totally disagree

2. Disagree

3. Neither agree nor disagree

4. Agree

5. Totally agree

(Continued)
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TABLE 2 | Continued

Dimension

Spanish survey

English survey

Parent’s problems with
the school

Children’s problems at
school

Educational response
within the school

12. En cuanto a la claridad del informe del diagnéstico, usted esta:
1. Nada de acuerdo
2. En desacuerdo
3. Ni de acuerdo ni en desacuerdo
4. De acuerdo
5. Totalmente de acuerdo

14. ¢Ha tenido usted problemas con la escuela referidos a su hijo/a?
Si

No

15. ¢ Qué tipo de problema?

16. ¢,Con quién?

Equipo de orientacion del centro educativo (o equipo de
psicopedadagogia USAER)

Direccién

Profesorado

Tutor/a

Companeros/as

Otros progenitores

Otro

17. ¢Ha tenido su hijo/a problemas con la escuela?
Si

No

18. ¢ Qué tipo de problema?
19. ¢Con quién?

Servicio de orientacion
Direccion

Profesorado

Tutor/a

Compareros/as

Otros progenitores

Otro

20.¢Ha recibido una respuesta educativa dentro de la escuela acorde

a sus necesidades?
Si
No
21. ¢ En qué consiste la respuesta educativa que se le da en
la escuela?
Aceleracion
Agrupamiento total (todas las clases las recibe con alumnado
exclusivamente de altas capacidades)
Agrupamiento parcial (algunas clases las recibe con alumnado
exclusivamente de altas capacidades)
Enriquecimiento
Adaptacion curricular
Otro
22. ¢ Cuénto tiempo tardd en tener una respuesta educativa
(especificar meses 0 afios)?
23. ¢ Cuanto tiempo hace que comenzd la respuesta educativa que
ha recibido su hijo/a? (Especificar meses o afios)
24. ;Lo sigue recibiendo aun?
25. ¢Por qué?
26. Fecha de finalizacion (mes y afio)
27. En cuanto a la temporalizacion (cuando se desarrolla)
1. Nada satisfecho
2. Insatisfecho
3. Ni satisfecho ni insatisfecho
4. Satisfecho
5. Totalmente satisfecho

12. Regarding the clarity of the diagnosis report, you feel:
1. Totally disagree
2. Disagree
3. Neither agree nor disagree
4. Agree
5. Totally agree

14. Have you had problems with the school regarding your child?
Yes
No

15. What type of problems?

16. With whom?

Orientation team of the educational center (or USAER
psychopedagogical team)

Principal

Faculty

Tutor

Companions

Other parents

Other

17. Has your child had problems with school?
Yes
No

18. What type of problems?

19. With whom?

Orientation team of the educational center (or USAER
psychopedagogical team)

Principal

Faculty

Tutor

Companions

Other parents

Other

20. Have you received an educational response within the school
according to your needs?

Yes

No

21. What is the educational response that is given in school?
Acceleration

Total grouping (all classes receive them with exclusively high-ability
students)

Partial grouping (some classes receive them with exclusively
high-ability students)

Enrichment

Curricular adaptation

Other

22. How long did it take to have an educational response (specify
months or years)?
283. How long ago did the educational response your child
received begin? (Specify months or years)
24. Do you still receive it?
25. Why?
26.Date of completion (month and year)
27. Regarding timing (when it develops), you feel:
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied

(Continued)
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TABLE 2 | Continued

Dimension

Spanish survey

English survey

Educational response
out of the school

28. En cuanto al profesorado que lo implementa
1. Nada satisfecho
2. Insatisfecho
3. Ni satisfecho ni insatisfecho
4. Satisfecho
5. Totalmente satisfecho

29. En cuanto a los contenidos que recibe
1. Nada satisfecho
2. Insatisfecho
3. Ni satisfecho ni insatisfecho
4. Satisfecho
5. Totalmente satisfecho

30. ¢ El programa le ayuda a obtener mejores calificaciones escolares?

Si
No

31. ¢ Participa (o ha participado) en algin programa extra escolar?
Si
No

32. Tipo de programa
Cognitivo
Socioafectivo

Ambos

No sabe

33.Nombre del programa

34. ;Quién lo organiza?

35. ¢ Cuanto tiempo hace que comenzo a asistir al programa
extraescolar (meses o anos)

36. ¢Aun participa?

Si

No

37. ¢Por qué?
38. Fecha de finalizacion (mes y afio)

39. En cuanto a la temporalizacion (cuando se desarrolla):
1. Nada satisfecho
2. Insatisfecho
3. Ni satisfecho ni insatisfecho
4. Satisfecho
5. Totalmente satisfecho

40. En cuanto al profesorado que lo implementa
1. Nada satisfecho
2. Insatisfecho
3. Ni satisfecho ni insatisfecho
4. Satisfecho
5. Totalmente satisfecho

41. En cuanto a los contenidos que recibe
1. Nada satisfecho
2. Insatisfecho
3. Ni satisfecho ni insatisfecho
4. Satisfecho
5. Totalmente satisfecho

42. i El programa le ayuda a obtener mejores calificaciones escolares?

Si

No

43. ¢ Lo recomendaria a otras familias?
Si

No

28. In terms of the faculty that implements it, you feel:
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied

29. Regarding the contents received, you feel:
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied

30. Does the program help you get better grades?
Yes
No

31. Do you participate (or have you participated) in any extra-
curricular program?

Yes

No

32. Type of extra-curricular program:
Cognitive

Socio-affective

Both

Do not know

33.Program name:
34. Who organizes it?

35. How long since you started attending the after-school
program (months or years)?

36.Are you still participating?

Yes

No

37. Why?
38. End date (month and year)

39. Regarding timing (when it develops):
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied

40. Regarding the teaching staff that implements it
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied

41. In terms of the content received
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied
42. Does the program help you get better grades?
Yes
No

43. Would you recommend it to other families?
Yes
No

(Continued)
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TABLE 2 | Continued

Dimension Spanish survey English survey
44. i Por qué? 44. \Why?
45. ¢ El programa tiene también un programa para progenitores? 45. Does the program also provide a parent program?
Si Yes
No No
46. En cuanto a la temporalizacion (cuando se desarrolla) 46. Regarding timing (When it develops), you feel:
1. Nada satisfecho 1. Not satisfied
2. Insatisfecho 2. Dissatisfied
3. Ni satisfecho ni insatisfecho 3. Neither satisfied nor dissatisfied
4. Satisfecho 4. Satisfied
5. Totalmente satisfecho 5. Completely satisfied
47. En cuanto al profesorado que lo implementa 47. Regarding the faculty that implements it. You feel:
1. Nada satisfecho 1. Not satisfied
2. Insatisfecho 2. Dissatisfied
3. Ni satisfecho ni insatisfecho 3. Neither satisfied nor dissatisfied
4. Satisfecho 4. Satisfied
5. Totalmente satisfecho 5. Completely satisfied
48. En cuanto a los contenidos que recibe 48.As for the content received, you feel:
1. Nada satisfecho 1. Not satisfied
2. Insatisfecho 2. Dissatisfied
3. Ni satisfecho ni insatisfecho 3. Neither satisfied nor dissatisfied
4. Satisfecho 4. Satisfied
5. Totalmente satisfecho 5. Completely satisfied
49. En cuanto a la aplicacién del programa en su labor 49.Regarding the application of the program work as a parent, you
como progenitor feel:
1. Nada satisfecho 1. Not satisfied
2. Insatisfecho 2. Dissatisfied
3. Ni satisfecho ni insatisfecho 3. Neither satisfied nor dissatisfied
4. Satisfecho 4. Satisfied
5. Totalmente satisfecho 5. Completely satisfied
50. ¢ Participa en otro programa extraescolar para altas capacidades? 50. Do you participate in another after-school program for high
Si abilities?
No Yes
No
51. Tipo de programa 51. Type of program?
Cognitivo Cognitive
Socioafectivo Socio-Affective
Ambos Both
No se sabe Do not know
52. Nombre del programa 52. Program name:
583. ¢Quién lo organiza? 53. Who organizes it?
54. ;Cuanto tiempo hace que comenzo a asistir al programa 54. How long ago did you start attending the after-school program
extraescolar (meses o0 anos) (months or years)?
55. ¢Aun participa? 55. Are you still participating?
56. ¢Por qué? 56. Why?
57. Fecha de finalizacion (mes y afio) 57. End date (month and year)
58. En cuanto a la temporalizacion (cuando se desarrolla) 58. Regarding timing (when it develops), you feel:
1. Nada satisfecho 1. Not satisfied
2. Insatisfecho 2. Dissatisfied
3. Ni satisfecho ni insatisfecho 3. Neither satisfied nor dissatisfied
4. Satisfecho 4. Satisfied
5. Totalmente satisfecho 5. Completely satisfied
59. En cuanto al profesorado que lo implementa 59. Regarding the faculty that implements it, you feel:
1. Nada satisfecho 1. Not satisfied
2. Insatisfecho 2. Dissatisfied
3. Ni satisfecho ni insatisfecho 3. Neither satisfied nor dissatisfied
4. Satisfecho 4. Satisfied
5. Totalmente satisfecho 5. Completely satisfied
(Continued)
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TABLE 2 | Continued

Dimension Spanish survey

English survey

60. En cuanto a los contenidos que recibe
1. Nada satisfecho
2. Insatisfecho
3. Ni satisfecho ni insatisfecho
4. Satisfecho
5. Totalmente satisfecho

61. ¢ El programa le ayuda a obtener mejores calificaciones escolares?

Si

No

62. ¢ Lo recomendaria a otras familias?
Si

No

63. ¢Por qué?

64. ¢ El programa tiene también una seccién para padres?

Si
No

65. En cuanto a la temporalizaciéon (cuando se desarrolla)

1. Nada satisfecho

2. Insatisfecho

3. Ni satisfecho ni insatisfecho
4. Satisfecho

5. Totalmente satisfecho

66. En cuanto al profesorado que lo implementa
1. Nada satisfecho
2. Insatisfecho
3. Ni satisfecho ni insatisfecho
4. Satisfecho
5. Totalmente satisfecho

67. En cuanto a los contenidos que recibe
1. Nada satisfecho
2. Insatisfecho
3. Ni satisfecho ni insatisfecho
4. Satisfecho
5. Totalmente satisfecho

68. En cuanto a la aplicacion del programa en su labor
como progenitor

1. Nada satisfecho

2. Insatisfecho

3. Ni satisfecho ni insatisfecho

4. Satisfecho

5. Totalmente satisfecho

60. Regarding the contents received, you feel:
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied

61. Does the program help you get better grades?
Yes
No

62. Would you recommend it to other families?
Yes
No

63. Why?

64.Does the program also have a section for parents?
Yes
No

65. Regarding timing (when it develops), you feel:
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied

66. Regarding the teaching staff that implements it, you feel:
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied

67. Regarding the contents received, you feel:
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied
68. Regarding the application of the program work as a parent you
feel:
1. Not satisfied
2. Dissatisfied
3. Neither satisfied nor dissatisfied
4. Satisfied
5. Completely satisfied

Data Analysis

The quantitative analysis was carried out using SPSS software
(version 23). To determine the relationship between the variables
and the participants country, Cramers V coeflicient was
also calculated.

The qualitative analysis was performed using ALCESTE
software (Reinert, 2003). Use of this program has been widely
described (Illia et al., 2014; Courtinat-Camps et al,, 2017;
Zambrano, 2017).

ALCESTE is a software developed by Reinert in 1986 which
uses statistical procedures to perform textual analysis to extract
the essential information from a text. The aim is to identify
and quantify the strongest structures from a text. The program
uses a statistical procedure which clusters groups of text

through chi square. Additionally, it extracts a correspondence
factorial analysis.

This methodology focusses in the statistical distribution
of series of words which composes the statements of a
text, taking into account the co-ocurrence, that is, the
simultaneous presence of several words (nouns, adjectives
and verbs), removing the analysis of prepositions or
conjunctions, etc. The objective is to differentiate the most
significant lexical worlds (main groups of words which
have a repetitive pattern throughout the text and with a
similar meaning).

The unit of analysis is the Unit of Elementary Context (UEC)
which corresponds with the main idea of the sentence with 8 or
20 words by UEC (De Alba, 2004). This procedure permits to
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TABLE 3 | List of selected quantitative and qualitative items.

TABLE 4 | Educational responses to high-capacity students, by country.

Number Question and possible responses

QUANTITATIVE QUESTIONS

Filter question 3 Have any of your children been diagnosed with any of these
labels (indicate which of them)?
Answer: High capacities/ Giftedness

/Outstanding student/Talented/None/Other.

3 Do you think you should receive care within the school
according to your abilities?
Answer: yes/no

Have you had problems with the school regarding your child?
Answer: yes/no

Has your child had problems with school?
Answer: yes/no/no answer

20 Have you received an educational response within the school
according to your needs?

Answer: yes/no/no answer

21 What is the educational response that is given in school?
Answer: Acceleration/Total grouping (all classes receive them
with exclusively high-ability students)/ Partial grouping (some
classes receive them with exclusively high-ability students)/

Enrichment/ Curricular adaptation/Other

22 How long did it take to have an educational response (specify

months or years)?

What is

the  support
received) with
timing

faculty

content
Answer: Not satisfied/Dissatisfied/Neither satisfied nor
dissatisfied/Satisfied/ Completely satisfied

27-29 your
that

regard

degree of satisfaction with
your child receives (or has
to each of the following?

30 Does the program help you get better grades? Answer:

yes/no/no answer

31 Do you participate (or have you participated) in any

extra-curricular program? Answer: yes/no/no answer

32 Type of extra-curricular program: Answer:

Cognitive/Socio-Affective/Both /Do not know

Number Question

QUALITATIVE QUESTIONS

4 Do you think you should receive care within the school
according to your abilities? If the answer is yes, please
mention what kind

15

17

What kind of problems? (parent)
What kind of problems? (child)

discover relations between lexical universes. The co-ocurrence is
by association of proximity.

One of the advantages of this software is that it is not a
person who codifies, like in other programmes as Atlas-ti. On
the contrary, it is the software which establishes connections
using statistical procedures (Bauer, 2003). The main advantages
of ALCESTE (Illia et al., 2014) are: a researcher does not impose
his/her interpretation of which part of the text is different from
or similar to others. For this reason, human bias is controlled.
It is really useful when it is necessary to analyze large passages
of text. This procedure has been used in different topics like the
study of diagnosis of Down Syndrome (Torres and Maia, 2009),

Country Educational response

Yes No
Spain 98 30
Mexico 63 23
Argentina 22 7

in health psychology (Parrello and Osorio-Guzman, 2013) and,
specifically in gifted education (Villate and De Leonardis, 2012;
Courtinat-Camps et al., 2017).

RESULTS

To answer the first objective of this research, two questions have
been posed: if they consider that they should have a specific
educational response and, if so, what they think it should be.
In response to the first question, the parents mostly consider
that these students should receive a specific educational response,
since only 4 of the 244 interviewees (1.6% of the total) disagree.

Once the parents’ opinions on the educational response
that their children of high abilities have been analyzed, it was
asked if their children had received an educational response
according to their needs. Only 60 responded affirmatively,
representing 24.7% of the sample interviewed. There is no
significant association between educational response and country
of origin (Cramers V = 0.36, p = 0.857). The distribution
of educational response according to the countries studied is
presented in Table 4.

To know the opinion that parents have regarding the
educational response that their children should receive, we
carried out two analyses using ALCESTE, one for which their
children receive specific training and those that do not.

In the first case, the analysis yields three classes, which classify
41 Elementary Contextual Units (ECUs), explaining 65% of the
corpus. A dendrogram is shown in Figure 1. There are two
different types of class: class 1, more unspecific, and class 2 and 3,
related with common educational interventions in the education
of students with high intellectual abilities.

The class that groups the most ECUs is 1, with 17 ECUs, which
represents 41.46% of the ECUs, called Way of Working. The most
representative word is work. Examples:

La forma de trabajar para estos nifios es importante. no puede
ser algo repetitivo, se aburre. debiera tener motivaciéon para
centrarse en el trabajo

The way of working for these children is important. it cannot be
repetitive, he/she gets bored. should be motivated to focus on work
(chi> =9)

importante integrarlo en trabajo en grupos, que pueda ver que
otras personas les pueden aportar cosas

important to integrate him/ her in working groups, that he/she
can see that other people can contribute (chi®> = 9)

Class 2 groups 14 ECUs, which represents 34.15%
of them. It is called Curricular Adaptation and the
most representative word is adaptation. Examples of
phrases are:
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Class 1 Class 2 Class 3
4140 % 34.15 % 24.39%
Presence Chi2 Presence Chi2 Presence Chi2
work 10 adaptation a3 enrichment 31
a 7 curricular 9 curricular 7
group 5 their 3
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Chi2

5 “age_47 3 7

2 “Country_Me: 2 2

2 “sex_f 1 N

1 *age_43 1 2

FIGURE 1 | Dendrogram about what may be the educational response for high ability. Parents whose children receive an educational response for their talent.

todo esto aparte de la flexibilizacion y la adaptacién curricular

all this besides flexibilization and the curricular adaptation
(chi? = 6)

adaptacion curricular

curricular adaptation (chi? = 6)

Class 3 groups 10 ECUs, which represents 24.39% of them. It is
called Curricular Enrichment and the most representative word
is enrichment. Examples of ECUs are:

enriquecimiento curricular y flexibilizacion en areas concretas

curricular enrichment and flexibilization in concrete areas
(chi? =3)

enriquecimiento curricular

curricular enrichment (chi? = 3)

Parents were asked about the type of educational response
received by their children, the time elapsed between the
diagnostic and the educational response, as well as the assessment
made by both the teachers who implement the programs and
the content they receive. The results by countries, as well as
the relationship between the variables analyzed, are presented
in Table 5.

Educational Response

In the case of parents whose children do not receive an
educational response, the analysis of ALCESTE yields five classes,
which classifies 141 ECUs, which constitutes 76% of the corpus
(see the dendrogram in Figure 2). There is a first axis with class

1, which is related specifically to class 2, with class 3, which links
with classes 4 and 5.

Class 1 groups 54 ECUs, which explain 38.30 % of the
ECUs. The most representative word is curricular, and is called
Traditional Educational Response in Talent. Examples of this
class are the following phrases:

adaptacion curricular y/o aceleracion de curso.

curricular adaptation and/or acceleration of year (chi* = 11)

adaptacion curricular, enriquecimiento.

curricular adaptation, enrichment (chi? =11)

Class 2, Special Pace, groups 17 ECUs, which represents
12.88% of the ECUs. The most representative word is Pace,
gathering phrases of which the following are examples:

necesitaria otra forma de aprender y poder relacionarse con
sus iguales intelectuales ademas de ampliar materia

would need another way of learning and being able to relate
to their intellectual equals in addition to expanding subject
(chi? = 10)

poder crecer intelectualmente a su ritmo

to be able to grow intellectually at his/her own pace (chi* = 8)

Class 3 groups 15 ECUs, and represents 7.8 % of them. It is
called Boredom and the most representative word is boredom.
Examples of phrases are indicated below.

adaptar las tareas, ya que el nifio/a se puede llegar a aburrir
en clase.

adapt the tasks, since the child can get bored in class (chi* = 25)
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TABLE 5 | Characteristics of the educational response.

Country

Spain Mexico Argentina CramersV p

TYPE OF EDUCATIONAL RESPONSE

Acceleration 4 2 0 0.224 0.419
Enrichment 9 6 0

Full gifted education 2 1 0

Several 15 14 7

TIME REQUIRED TO RECEIVE AN EDUCATIONAL RESPONSE

Less than 1 month 16 6 4 0.211 0.498
Up to 3 months 3 4 1

3 to 6 months 2 3 1

More than 6 months 9 10 1

EVALUATIONS OF THE TEACHERS WHO IMPLEMENT THE
EDUCATIONAL RESPONSES

Strongly disagree 4 1 0 0.177 0.876
Disagree 1 1 0

Neither agree nor disagree 5 6 2

Agree 14 9 4

Strongly agree 6 6 1

ASSESSMENTS OF THE CONTENT OF THE EDUCATIONAL RESPONSES
Strongly disagree 3 0 0 0.315 0.157
Disagree 1 3 0

Neither agree nor disagree 8 2 3

Agree 10 14 3

Strongly agree 8 4 1

si ya sabe hacer algo explicarle otra cosa aun no se haya dado
todavia. mayormente porque se aburren (Individu n° 48 *sex_f
*age_43 *Country_Spain)

If he/she already knows how to do something, explain something
else that has not happened yet. mostly because they get bored
(chi* = 25)

Class 4, Encourage Interest, groups 23 ECUs, which represents
16.31 % of the ECUs. The most representative word is interest.
Phrases that are collected in this class are presented below.

un enriquecimiento suficiente para q el alumno mantenga su
interés por ir a la escuela.

enough enrichment for the student to maintain interest in going
to school (chi® = 15).

involucrdndole en un estilo de aprendizaje que estimule
su interés.

involving him or her in a learning style that stimulates their
interest (chi® = 15).

Class 5, Special Needs, include 17 ECUs, representing 12.06%
of the corpus. The most representative phrase is case. Below are
phrases belonging to this class.

cada nifio tiene unas necesidades diferentes. adaptarse a ellas.

each child has different needs. adapt to them (chi> = 18)

aquella que necesite cada nifio, no todos son iguales, ni
necesitan la misma atencién.

the one that each child needs, not all are equal, nor need the
same attention (chi® = 18).

Out of School Educational Response

Other educational response is implemented out of school. In
terms of attendance at out of school programs, more than
half have received this type of intervention (58%, 141 of the
participants). In 30% of the cases, they combine the enrichment
programs within the classroom without the school programs
as educational response, while 11.93% only receive intra-school
programs. It should be noted that 12.75% of those interviewed
said they did not receive any type of educational response.

With regard to participation in out of school programs
analyzed by the three participating countries (see Table 6), there
is a significant relationship (Cramer’s V = 0.248, p = 0.001), since
in Spain and Mexico it is more frequent to participate in these
programs, unlike in Argentina.

Parents’ Problems With the School

Seventy percentage of the parents have had problems with
the school, with no relationship between this variable and the
country of origin: (Cramer’s = 0.133, p = 0.117). The results by
country are shown in the Table 7.

The problems with the school have occurred even when there
has been an educative response: of the 170 parents who reported
having problems with the school (69.67%), 26 of them received
an educational response (10.66%).

Answering about with whom or who have had problems,
most often it has been with several members of the school.
The relationship between who has had problems and country is
significant Cramer’s V = 0.215, p = 0.047, since Spaniards are
the ones who present a higher frequency of problems with several
members of the school (see Table 8).

To know the type of problems, an open question was carried
out, analyzed with ALCESTE. It resulted in 7 classes, classifying
78% of the ECUs, which supposes 161 ECUs. A first axis is given,
which links classes 1, 2 and this one with 4 and 7. Contents are
related with problems with the school. The second axis relates
class 3, which at the same time links to 5 and 6, to relate problems
referred to the student. The dendrogram is presented in Figure 3.

Class 1 groups 27 units, corresponding to 16.77% of ECUs,
being the most representative word boredom. It’s called Boredom
at School. Examples of phrases are:

se aburre cuando ven un tema conocido no presta atencion y
cuando pasan a otro el ya estd distraido, le parece que todo va
lento (Individu n° 41 *sex_f *age_34 *Country_Mexico)

he gets bored when they see a known topic he does not pay
attention and when they pass to another he is already distracted,
he thinks everything goes very slowly (chi? = 15)

mi hijo se aburria mucho, s portaba mal en clase, y la culpa
era nuestra

my son got bored, he behaved badly in class, and it was our fault
(chi? = 12)

Class 2 groups 26 UEC, representing 16.15% of the total of
ECUs. It is called Lack of Attention to High Capacities, being
the most representative word is High. Examples of phrases are
presented below.

no atienden las altas capacidades (Individu n°® 43 *sex_f
*age_42 *Country_Spain)

Unité textuelle n°19 de Khi2 = 17
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FIGURE 2 | Dendrogram about what may be the educational response for high ability. Parents whose children do not receive an educational response for their talent.

they don’t take care of high abilities (chi? = 25)

no lo consideran alta capacidad.

they do not consider it high capacity (chi* = 17)

From class 2 comes an axis which connects class 4 and
7. Class 4 groups 30 ECUs, representing 18.63 of the total
ECUs, resulting in the highest weight. It is denominated Lack of
Interest on the Part of the School, being the most representative
word is School, being examples of phrases the ones that are
shown next.

baja disposicion de una
de las habilidades del nifio
*age_35 *Country_Spain)

Unité textuelle n°17 de Khi2 = 16

en la primera escuela omitir el informe privado y no
entregarlo a su debido tiempo en la segunda, dar por validas las
pruebas privadas y no intervenir porque el nifio va bien y no
da problemas.

low disposition of his tutor. he did not realize the child’s abilities
(chi® = 20).

in the first school omit the private report and not deliver it in
due time in the second, validate the private tests and not intervene
because the child is doing well and does not cause problems
(chi* = 16).

dio
28

cuenta
*sex_f

tutora. no se
(Individu n°

Class 7, called Lack of Attention to Student Needs. Groups
11 ECUs, that is, 6.83 %. The most representative word is Girl.
Examples of phrases are presented below.

solo en primer y segundo grado atendieron sus necesidades
(Individu n° 105 *sex_f *age_32 *Country_Argentina)

Unité textuelle n°8 de Khi2 = 26

no atendian al niflo segiin sus necesidades y derivo en una
mala conducta que le llevo a un principio de depresion.

only in the first and second grades did they meet their needs

They did not take care of the child according to their needs and
it led to a bad behavior that led to a beginning of depression.

The axis that starts from class 3 connects with classes 5 and 6
and 7. Class 3 is called Bullying, group 25 UEC, which represents
15.53%. The most representative word is Bullying. Examples of
phrases are shown in the following paragraphs.

acoso escolar por parte del alumnado. inatencién vy
rechazo por parte del profesorado (Individu n° 73 *sex_f
*age_44 *Country_Spain)

Unité textuelle n°5 de Khi2 = 29

acoso por parte de compafieros, profesores y padres.

bullying by students. Inattention and rejection by teachers
(chi? = 36)

bullying by mates, teachers and parents (chi> = 29)
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TABLE 6 | Participation in out-of-school programs, by country.

Country Out-the-school programs
No Yes
Spain 57 71
Mexico 25 61
Argentina 20 9

TABLE 7 | Problems that parents had with schools, by country.

Country Problems of parents with the school
No Yes

Spain 40 88

Mexico 29 57

Argentina 4 25

TABLE 8 | Members of the school community with whom the parents had
problems.

Country Problems
1 2 3 4 5
Spain 2 2 12 72
Mexico 1 1 16 37
Argentina 1 3 3 17 1

1: Educational and vocational services; 2: Principal; 3: Teacher or tutor; 4: several; 5:
peers/other parents.

The last axis is formed by classes 5 and 6. Class 5, Lack
of Attention, groups more UEC, 24, which represents 14.91%
of them. The most representative word is Lack. The sentence
examples are shown below.

no he recibido
*age_50 *Country_Mexico)

Unité textuelle n°84 de Khi2 = 18

falta de respuesta y falta de rapidez.

I have not received attention (chi® = 18)

lack of response and lack of speed (chi® = 18)

Class 6 meets 18 ECUs, named Behaviors problems, represent
11.18% of the corpus, with the most representative word being
Problem. Below are two examples of phrases of this class.

aburrimiento y problemas de conducta.

problemas con el  centro, no
avance adecuadamente.

boredom and behavior problems (chi? = 30).

problems with the center, we do not see-that he/she progresses
properly (chi? = 20).

atencion  (Individu n°® 1 ‘*sex_f

vemos que

Children’s Problems With the School

Regarding whether their children have had problems with school,
184 (75.7%) of the participants respond affirmatively. Analyzing
this response by countries, it is observed that the relationship
is significant: Cramer’s V = 0.277, p = 0.001, the frequency in

Mexico of problems with parents and peers being higher and in
Spain with several members of the school. Results are showed
in Table 9.

To analyze the type of problems mentioned by the children, an
analysis was made with ALCESTE. It threw 7 classes, showed in
the Figure 4, that allowed to classify 128 ECUs, which represents
68% of the corpus. First class connects to the rest with a
hierarchical structure, connecting the second class with others.
They are divided into the other two axes, one of them connects
classes 6 and 7 and the second axis related to class 3 with a
secondary axis in classes 4 and 5.

Class 1, Lack of Curricular Adaptation, groups 10 ECUs,
which represents 7.81% of the corpus. The most significant word
is Curricular. Examples of this class are shown below.

Unité textuelle n°28 de Khi2 = 37

no hicieron la adaptaciéon curricular (Individu n° 27 *sex_f
*age_35 *Country_Spain)

Unité textuelle n°127 de Khi2 = 37

no se hace adaptacién curricular.

they did not do the curricular adaptation (chi> = 37)

no curricular adaptation is made (chi> = 37)

Class 2 is called Bullying, and groups 18 ECUs, which
represents 14.06% of the corpus. The most representative word
is lack. Examples of this class are presented below.

Unité textuelle n°30 de Khi2 = 24

acoso escolar, desprecio, dejadez (Individu n° 29 *sex_f
*age_43 *Country_Spain)

Unité textuelle n°99 de Khi2 = 24

acoso escolar.

bullying, contempt, sloppiness (chi? = 24)

bullying (chi? = 24)

Class 3, named Behaviors Problems, include 22 ECUs (17.19%
of the corpus) and the most representative word is Behavior.
Below are two examples of phrases of this class.

Unité textuelle n°22 de Khi2 = 13

problemas de conducta (Individu n°® 21
*age_37 *Country_Spain)

Unité textuelle n°40 de Khi2 = 13

problemas de conducta.

Behavioral problems (chi? = 13)

Behavioral problems (chi?2 = 13)

Class 4, which is connected with class 5, is named Lack
of Attention to their Needs. It has 31 ECUs, that represents
24.22% of the corpus. The most representative word is Their. The
sentence examples are shown below.

Unité textuelle n°58 de Khi2 = 11

va al mismo ritmo de sus compaifieros y se aburre (Individu n°
57 *sex_f *age_39 *Country_Spain)

Unité textuelle n°65 de Khi2 = 11

el tipico ninguneo en clase y no atenderle sus necesidades.

He/she goes at the same pace as his/her mates and gets bored
(chi> =11)

the typical do not pay attention to him/her in the classroom and
not attend to his needs (chi® = 11)

Class 5, teacher disinterest, represents 14.06% of the corpus,
with 18 ECUs, being the main word a. Two examples are
showed below.

*sex_f
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FIGURE 3 | Dendrogram about parents’ problems with the school.
TABLE 9 | Children’s problems with the school. most representative word is Lack. Examples of phrases are shown
Count Prob in the following paragraphs.
oun roblems e s .
v Unité textuelle n°12 de Khi2 = 14
1 2 3 4 5 falta de informacion, falta de atencion, falta de interés
(Individu n° 11 *sex_f *age_41 *Country_Spain)
Spain 4 2 15 73 ! Unité textuelle n°31 de Khi2 = 14
Mexico 2 s i s 10 falta de comprension y falta de interés (Individu n° 30 *sex_f
Argentina 1 3 1 19 1

1: Educational and vocational services; 2: Principal; 3: Teacher or tutor; 4: several; 5:
peers/other parents.

Unité textuelle n°7 de Khi2 = 15

los profesores no me creen, me han hecho sentir como la
madre tonta que cree que su hijo es mejor que los demds
(Individu n® 7 *sex_f *age_48 *Country_Spain)

Unité textuelle n°81 de Khi2 = 15

al cambiar de escuela, la orientadora considera que no es
necesario hacer nada, es-cierto-que el método en el nuevo centro
permite a mi hija ir a su ritmo, pero (Individu n° 79 *sex_f
*age_38 *Country_Spain

the teachers do not believe me, they have made me feel like the
foolish mother who believes that her son is better than the others
(chi? = 15)

when changing schools, the counselor considers that it is not
necessary to do anything, it is true that the method in the new
center allows my daughter to go at her own pace (chi? = 15)

The last axis is formed by the classes 6 and 7. Class 6, named
Lack of Interest, includes 18 ECUs (14.06 % of the corpus). The

*age_47 *Country_Spain)

lack of information, lack of attention, lack of interest
(chi®> = 14)

lack of understanding and lack of interest (chi> = 14)

Class 7 is named Unawareness of the High Abilities, represents
7.81 % of the corpus, with 10 ECUs, and the most significative
word is High. Examples of phrases are:

Unité textuelle n°4 de Khi2 = 24

nunca han aceptado sus altas capacidades y solo ven el
asperger (Individu n° 4 *sex_f *age_40 *Country_Spain)

Unité textuelle n°51 de Khi2 = 24

falta de conocimiento en altas capacidades.

they have never accepted their high abilities and only see the
Asperger (chi®> = 24)

lack of knowledge in high abilities (chi? = 24).

DISCUSSION

This work deepens the understanding of parents’ assessments
of the educational responses that their high-ability children
receive. The specific research questions of the study are (1) to

Frontiers in Psychology | www.frontiersin.org

103

May 2019 | Volume 10 | Article 1187


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

Rodriguez-Naveiras et al.

Evaluation of the Educational Response to High Abilities

Class 4 Class S Class 3 Class 6
242% 14.00 % 17.19%
Presence Chi2 Presence Chi2 Presence Chi2 Presence
their 57 a 25 behavior 52 lack
mate B 4 prodiem 45 nterest
relatonship 15 4 socia 25 understandng
needs 12 12 classroom 8 way
already - 7 because 3 attention
oring 3 rejection 2 teacher
count 3 boring 2
4 chilg
centre 3
teacher
Chi2
*age_35 3 7 e
“age_33 2 5 5
*age_39 2 2 5
*age_59 2 2 <
FIGURE 4 | Dendrogram about children’s problems with the school.

Chi2

NN ©

4

-t
-
Class 7 Class 2 Class 1
14.84 %
Presence Chi2 Presence Chi2 Presence Chi2
102 scholar a7 curricular 01
83 tuling k] adaplation 78
28 rejection 3 chilg 3
2
undersianding 1
Chi2
9 “age_52 7 11
age_55 5 3
5 age_37 3 <
*age_49 2

examine parents understanding of educational responses; (2) to
detect which types of educational responses are implemented
and what parents believe about them; and (3) to identify the
problems that both parents and children have in relation to the
children’s schools.

Regarding research question 1, the study’s analysis separates
parents whose children received an educational response from
those whose children did not. Clear differences appeared; for
instance, the answers of the first group involved two classes, but
the answer of the second group had seven classes. In both groups,
one of the classes corresponded to the traditional educational
response for these students. This was the most common type
of response for children who did not receive an educational
response that matched with their high abilities, but it was less
common among those who did receive an appropriate response.

However, the parents in each group had non-traditional ideas
that involved empowering their children’s capacities through
education that addresses emotional and social aspects.

In reference to research question 2, the first aspect that
should be highlighted is that only about a quarter of the
participants reported that their children received educational
responses that fulfilled their needs. These results are consistent
with these students’ school situations, as previously noted; in
particular, many fewer Spanish and Mexican school children
received educational responses than would be expected: 0.33%
of Spanish schoolchildren (at all levels, from preschool to the
university level) and 0.7% of Mexican primary-school students.
This study deals with families whose high-ability children have
strong educational involvement; nevertheless, three quarters of
the sample did not receive in-school educational responses.

It is also important to emphasize that this study provides a
positive assessment of in-school programs. These programs are
carried out in a short period after identification, and parents
value them highly in terms of both the teachers and the content.
Regarding the type of program, it is striking that most parents
in this study reported that their children received various
educational responses.

The rate of extracurricular responses was much higher than
that of in-school responses, and the two types were sometimes
combined. This shows that parents sought solutions that would
meet their children’s educational needs when the educational
system did not do so. This is not surprising, as it is common
for parents to create associations and to seek alternatives.
There is a clear lack of attention paid to these high-ability
students, in terms of both applying existing laws and providing
institutional monitoring that can allow for appropriate responses
for these students.

With regard to the third research question, this study
identified the educational problems that the parents and their
children experience. For the parents, the schools’ inability
to deal with their children was based on a wide range of
problems, as is evident in the seven classes ALCESTE produced
for this area. The problems parents have with the school,
both specific for parents and for children, gathers a wide sort
of problems divided in three types. Parents perceive lack of
interest and knowledge about high intellectual abilities which
has consequences in their children like behavioral problems or
bullying. It would be necessary to study this issue more in
depth this situation between parents and the school in order to
avoid conflicts and improve the educational response for these
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children. On that sense the knowledge of the teachers on this field
is essential.

Clearly, parents collect their own complaints regarding their
relationship with the school in addition to complaints related to
their children’s problems.

The problems reported in this study include a wide range,
including absence of educational response (which is a well-
documented reality, as indicated in the introduction); lack of
attention and consideration given to high-ability students; and
even the children’s disruptive behaviors, which can be partly
explained by the absence of adequate educational responses.
However, although some researchers have reported a high
rate of bullying in this student population (e.g., Soler, 2017),
bullying was not a frequent complaint among the parents in this
study’s sample.

One limitation of this study is the size of its sample. Although
the number of participants is high, it would ideally be higher,
as it covers three countries. However, given the lack of a policy
that ensures the identification of all high-ability students, it is
difficult to obtain samples with an adequate frame of reference for
a probabilistic sampling to be carried out. Therefore, it is highly
recommended for other researchers to replicate this study with a
larger sample and to expand the research to other countries. For
example, the study is being replicated with Portuguese-speaking
parents in Portugal and Brazil. Also, it would desirable to include
the perception of teachers on this type of studies, in order
to analyze their perception about the educational interventions
available in the schools for this population.
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Match analysts and sport psychologists can help elite athletes develop planned
competition strategies from a technical-tactical perspective by analyzing of previous
performances. The aim of this study was to analyze the behavioral patterns used to
score points in the 2012 London Olympic Games by a mixed observational methodology
and polar coordinate analysis. This analysis is a representation of four quadrants of
the relationships between focal behavior [i.e., scoring, (SC)] and conditioned behaviors
as key factors in taeckwondo before and after focal behavior of two lags (—2, +2).
A total of 151 combats, with a total of 24,940 actions were analyzed by the Taekwondo
Observational Tool, which consists of 24 categories grouped into seven criteria (tactics,
techniques, kicking zone, laterality, kicking leg, guard, and score). Our analysis confirms
49 significant associations (21 in females and 28 in males) between different types of
scoring actions (SC1: to the trunk, SC2: to the trunk with a previous spin, SC3: to
the head and SC4: to the head with a previous spin) and a variety of technical-tactical
aspects. Females SC1 after cut, direct attacks with circular techniques to the chest,
with back right leg; SC2 after direct attacks to the head, and SC3 after cuts, posterior
counterattacks with the back leg. Males SC1 after spin anticipate counterattack with
back leg and dodges, SC2 after simultaneous counterattacks (SCAs) to the head,
SC3 after cuts and posterior counterattacks with back leg while SC4 after blocks and
SCAs in close guard with the forward right leg. The observed relationships provide
objective data regarding successful behavioral patterns, and are important for coaches
and psychologists to train and develop psychological strategies to prepare athletes.
For instance, they can be used to individualize training sessions, including visualization
of specific combat situations. Coaches and psychologists could use these findings
for specific tasks related to technical-tactical improvement of scoring effectiveness or
defensive strategies against these specific actions.

Keywords: tackwondo, behavioral patterns, Olympic Games, observational methodology, mixed methods

Frontiers in Psychology | www.frontiersin.org 108

May 2019 | Volume 10 | Article 1232


https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2019.01232
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2019.01232
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2019.01232&domain=pdf&date_stamp=2019-05-29
https://www.frontiersin.org/articles/10.3389/fpsyg.2019.01232/full
http://loop.frontiersin.org/people/723773/overview
http://loop.frontiersin.org/people/657239/overview
http://loop.frontiersin.org/people/486154/overview
http://loop.frontiersin.org/people/379039/overview
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Menescardi et al.

Is It Possible to Predict an Athlete’s Behavior?

INTRODUCTION

Psychology has a growing interest in the study of natural
contexts and spontaneous behavior to discover and analyze
behavioral patterns (Anguera et al., 2018). Analysis in natural
contexts is especially important in elite sport for planning
future competitive strategies. Previous performances can be
visualized to detect underlying structures and behavioral
patterns, assuming that similar patterns are usually repeated
(Hernandez-Mendo and Anguera, 2001, 2002). The analysis of
natural contexts and sports behavioral patterns is also important
for planning psychological training (i.e., visualization) in a
wide range of competitive behaviors. There is evidence that
visualization training activates the same muscles with almost
the same intensity as real training (Folland and Williams,
2007). This analysis has been used in the mixed method
approaches (for a review of a different studies see Anguera and
Herndndez-Mendo, 2014, 2015), which combine elements from
both qualitative and quantitative research approaches (Johnson
et al,, 2007). Mixed method approaches are characterized by
using systematic observation and qualitative data collection,
stringent data quality controls and quantitative analysis,
in a combination of qualitative and quantitative methods
(Anguera et al., 2018).

Systematic observation has been used to collect information
on key parameters in tackwondo based on their frequency of
occurrence as tactics (Menescardi and Estevan, 2017), techniques
(Gonzalez, 2011; O'Donoghue, 2010), the kicking zone (Tornello
et al., 2014), laterality or the kicking leg (Tornello et al., 2014),
guard (Lopez-Lopez et al, 2015) or score (Tornello et al,
2014). The frequency (number of occurrences) provides the basic
information on the behavioral tendencies. However, considering
the order parameter takes the analysis one step further by
providing not only the frequency, but also information on the
order in which the behaviors occur (Anguera et al., 2018), so
that strategic decisions regarding technical-tactical aspects can
be made (Herndndez-Mendo and Anguera, 2001). However,
this information is difficult to transform into practical training
applications. Relevant information has to describe tactics in a
specific technique, toward a specific zone and with a given
laterality in order to score a specific number of points.

To extract information that can be used by coaches and
psychologists, a specific analysis (e.g., polar coordinates analysis)
needs to be carried out. The polar coordinate analysis aims to
detect behavioral patterns between focal (behavior of interest)
and conditioned behaviors (those that precede or follow focal
behavior), which occur with a higher probability than by chance
(Anguera, 2003, 2008). The analysis is carried out in two steps: the
first matches frequency tables with conditioned (observed) and
unconditioned probabilities (by chance) (Gonzélez-Prado et al,,
2015). When conditioned probabilities exceed unconditioned
ones, excitatory relationships appear in a technique known as
lag sequential analysis (Anguera, 2008). The second step involves
creating a vector map of four quadrants (see Figure 1) containing
information on both retrospective and prospective perspectives
(Anguera, 2000, 2001). This technique has also been used as a data
reductionism technique, synthesizing the existing relationships

and isolating those that occur most frequently (Hernandez-
Mendo and Anguera, 1999; Gorospe and Anguera, 2000).

Polar coordinates have been used on the sports field
in disciplines such as soccer, tennis, Basque pelota and
taekwondo (Hernandez-Mendo and Anguera, 1998; Castellano
and Hernandez-Mendo, 2003; Castellano et al., 2007; Perea
et al., 2012; Lopez-Lopez et al., 2015; Menescardi et al., 2016).
Specifically, only two studies have applied the technique to
investigate the relationship between technical-tactical actions and
the different ways male Olympic tackwondo athletes use to score
(Lopez-Lopez et al., 2015; Menescardi et al., 2016). In particular,
a relationship between anticipatory counterattacks (ACAs) and
effective one- and two- point actions to the chest (Lopez-Lopez
et al.,, 2015), and sequences of attacks followed by counterattacks
actions (Menescardi et al., 2016) were revealed, in line with the
peculiarity of this sport (Joseph, 2012).

However, these studies did not analyze the whole competition
and did not consider differences that occur during its phases
(Menescardi et al., 2014); in fact, the entire competition should be
analyzed. The literature on Olympic tackwondo match analysis
mainly focuses on the frequency of technical-tactical actions
(Gonzédlez, 2011; Kazemi et al., 2014; Tornello et al., 2014;
Gonzalez-Prado et al., 2015), whereas scant information is given
on the match sequences of elite male and female tackwondo
athletes. In this regard, previous studies have shown that males
performed more actions than females in the Olympics (Kazemi
etal., 2009), elite (Kwok, 2012), college (Menescardi et al., 2012),
or youth (Casolino et al., 2012) competitions. The differences
between genders were pointed out, showing that females won
more bouts by superiority than males. Also, more warnings were
given to female medalists than non-medalists as compared to
males, concluding that male athletes had a more dynamic fighting
style than the females (Matsushigue et al., 2009). These results
highlight the impossibility of extrapolating inter-gender data.

The aim of the study then was to analyze the relationships
between technical-tactical behaviors (i.e., tactics, techniques, the
kicking zone, the kicking leg, laterality, and guard) that occur
before and after a point is scored (i.e., one, two, three, or four
points) by introducing an observational methodology into the
mixed methods framework. Based on the theoretical framework
and literature, we expected to find technical-tactical patterns that
would allow coaches and athletes to explain successful behaviors
and also some of the differentiated patterns between female
and male athletes. This analysis allows researchers to extract
behavioral patterns suitable for use by coaches and psychologists
to enable them teach effective tactics for competitions.

MATERIALS AND METHODS

Experimental Approach to the Problem

The present study is based on an observational methodology
inserted into the mixed method approach. Mixed methods
involve the collection, analysis and combination of quantitative
and qualitative data with rigor and have the flexibility required to
study behaviors in a natural context (Anguera et al., 2014). The
observational methodology collects data directly from training
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FIGURE 1 | Graphic depiction of relationships between conditional and given behaviors in polar coordinate maps according to quadrant in which vector is located
and their occurrence prior or after the focal behavior (F) (Modified from Castafier et al., 2016).

sessions and/or competitions and has the advantage of observing
spontaneous behavior (Anguera and Herndndez-Mendo, 2016).
It non-intrusively assesses physical and psychological demands
during competition (Anguera et al., 2014). The data can be used
to build research models and for the purposes of physical and
psychological training (Anguera et al., 2014). Specifically, polar
coordinate analysis is a powerful technique for studying tactical
behaviors in the field of sport (Aragon et al., 2017). Several studies
have used this technique to analyze the relationships (Aragon
et al,, 2017; Maneiro and Amatria, 2018) between key behaviors
and improve coaching decisions. It also enables coaches and
psychologists to suggest both offensive and defensive strategies
(Maneiro and Amatria, 2018). To test the hypothesis of technical-
tactical patterns that explain successful behaviors, this study
describes behaviors (i.e., tactics, techniques, kicking zone, kicking
leg, laterality, and guard) that occur before and after points are
scored (i.e., one, two, three, or four points) by a polar coordinates
analysis. As applied to tackwondo, this provides information on
the event before (QI and QII), and after scoring (QI and QIV) or
on those that prevents (QIII) scoring.

Methodology and Design

An observational methodology was used to collect and
analyze data (Castellano and Herndndez-Mendo, 2003; Lopez-
Lopez et al, 2015). The N/S/M design was used in the
present study (Arias-Pujol and Anguera, 2017), N refers to
nomothetic (focusing on 128 athletes), S refers to inter-
sessional follow-up (151 bouts were recorded) and intra-
sessional follow-up (continuous recording of specific moves),

and M refers to multidimensional (analysis of multiple criteria,
or levels of response, using the purpose-designed TDKOT
observational instrument).

Participants and Sample

A total of 151 bouts (male; n = 75, and female; n = 76) in the
Olympic tournament (2012 London Olympic Games) were coded
(one male semi-final bout was not analyzed due to the injury
of one athlete) from public television broadcasts. From these
bouts a total of 24,940 actions (M = 173.3 actions per bout)
were registered and codified. The action inclusion criterion was
to have clear observability of each action (Castaner et al., 2016).
When the action was unclear or impossible to fully identify, it was
not codified. This research was carried out in accordance with
the Declaration of Helsinki and the Belmont Report. A review
by an ethics committee and written informed consents were not
required in this study as: (a) it involved the observation of people
in public places (competition area) where the athletes targeted for
observation had no reasonable expectation of privacy; (b) it did
not include any intervention by the researcher; and (c) it did not
collect personal information disseminated through photographic,
film or video footage in the research results (National Institutes of
Health, 1978; American Psychological Association, 2002).

Materials

To code the athlete’s behavior, the TKD observational tool,
validated by Menescardi et al. (2017) was used (Table 1). This
tool contains seven exhaustive category systems (criteria) and 24
mutually exclusive categories distributed within each criterion.

Frontiers in Psychology | www.frontiersin.org

110

May 2019 | Volume 10 | Article 1232


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

Menescardi et al.

Is It Possible to Predict an Athlete’s Behavior?

TABLE 1 | Categories, codes and categorical core of the observational tool used.

Criteria Categories Code Categorical core or description
Tactics Block BLO Defensive actions to avoid the impact of a kick by placing one arm or leg between the protector and
the leg of the opponent. This does not have a scoring objective.

Dodge DOD Defensive actions to avoid the impact of a kick by placing one arm or leg between the protector and
the leg of the opponent. This does not have a scoring objective.

Cut CuUT Defensive forward movement to avoid being beaten by a close opponent, and to prevent the
attacking action from being completed. This does not have a scoring objective.

Opening APE Movement to control the distance from the opponent or bridge the gap between both competitors.

Direct attack DIA Offensive action with the objective of scoring, ending with impact on the opponent but without
previous movement.

Indirect attack INA Offensive action in order to score, ending with impact on the opponent and with previous
movement such as a step, skip, opening, guard change, kicking trajectory modification, etc.

Anticipated counterattack ACA Action that starts during the opponent’s attack with the purpose of scoring. The athlete kicks the
attacker during the preparatory phase (guard) and/or initial phase (when the opponent’s knee is
being raised).

Simultaneous counterattack SCA Action that starts at the same time as the opponent’s attack and has a scoring purpose. The athlete
kicks at the same time as the opponent. Thus, the counter attacker kicks at the end of the attacker’s
initial phase (leg raised) or during the impact momentum (impact phase) of the attacker’s kick.

Posterior counterattack PCA Action that begins after the opponent’s attack (during the descending phase, or when attacker’s leg
touches the ground) with a scoring purpose. Athletes kick at the same time. This action
(sometimes) includes a previous backward displacement to dodge the opponent’s attack.

Techniques Linear LIN The kicking leg is directed toward the front of the opponent’s body with a pushing motion in an
attempt to kick the opponent with the sole of the foot.

Circular CIR The kicking leg is directed toward the opponent’s side, with a circular movement in an attempt to
kick the opponent with the instep.

Spin GIR Action performed with a previous rotation, at least 180° from the initial position, before kicking the
opponent.

Height target Trunk CHE Kick to permitted areas of the trunk.
Head HEA Kick to permitted areas of the head.
Laterality Right RIG Kick performed with the right leg.

Left LEF Kick performed with the left leg.

Kicking leg Front FRO Kick performed with the leg closest to the opponent.

Back BAC Kick performed with leg furthest from the opponent.

Guard Open OPE The front leg of each opponent differs (i.e., one of them has the left leg advanced and the other the
right leg).

Close CLO The front leg of both opponents is the same (e.g., both opponents have the left leg advanced).

Score 0 points SCO Action does not impact on the permitted areas, or impacts in these areas but not with enough force
to score.

1 point SCH1 Score obtained by a valid action performed to the trunk with a linear or circular technique.

2 points SC2 Score obtained by a valid action performed to the trunk using a spin beforehand.

3 points SC3 Score obtained by a valid action performed to the head with a linear or circular technique.

4 points SC4 Score obtained by a valid action performed to the head using a spin beforehand.

HOISAN software (Herndndez-Mendo et al., 2012) was used for
codifying data and carrying out the polar coordinate analysis.

Procedure

Each action (kick) was analyzed from the time the athlete’s foot
started the movement, (i.e., raising the foot off the ground) until
the kicking leg returned to the floor. Actions were analyzed
by different, qualified observers; a procedure was developed
for training observers (Menescardi et al., 2017) in accordance
with the approach set forth in Anguera (2003). Six observers,
divided into two groups (groups A and B), were involved in
the reliability analysis of the data and evaluating inter-observer
reliability. Each observer analyzed six combats. To evaluate intra-
observer reliability, two observers analyzed the same six combats

twice in a row. Cohen’s Kappa (k) was used to calculate intra
and inter-observer reliability. The inter and intra-observer results
showed Cohen’s kappa values to be above 0.85, confirming
an almost perfect conformity (Landis and Koch, 1977; Blanco-
Villasefior et al., 2014; Lépez-Lopez et al., 2015; Miarka et al.,
2015). HOISAN v1.3.6.3 (Hernandez-Mendo et al., 2014), was
used to perform a lag sequential analysis of behaviors, followed
by a polar coordinate analysis. HOISAN software integrates
the analysis of the prospective (Sackett, 1980) and retrospective
lag sequential analysis, specifically, the genuine retrospectivity
(Anguera, 1997) of successive behaviors. The retrospective
perspective of lag sequential analysis, in its genuine aspect,
considers retrospectivity from the focal to the conditioned
behavior. It considers negative lags and detects when conditional
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behaviors prior to focal behavior are revealed as preparatory
to the occurrence of focal behavior (Anguera, 2008). The
prospective perspective, however, is based on considering the
conditioned behaviors as occurring subsequent to the focal
behavior (Castafier et al., 2016). The relations between the
behaviors were represented on a vector map on MATLAB
software (Perea et al., 2012).

Statistical Analysis

Several negative (—1 and —2) and positive lags (41 and
+2) were used to identify behavioral associations between
focal and conditioned behaviors. 2 lags (corresponding to
actions) have been used in previous works to determine
the last and second-to-last actions prior to focal behavior
(score) and the first two actions following the focal behavior
(Anguera, 2008). Although, team sports studies normally use
+5 lags (Anguera et al, 2018), in adversary sports five
actions before and after the focal behavior would not give
a clear scenario of what occurs during a kicking sequence
in competition. In combat sports it is more appropriate to
use a restricted lag interval, as for example +2 lags for the
actions included in the tactical schema of taekwondo (Figure 2)
as proposed by Menescardi (2017). The adjusted residual
values obtained in the lag sequential analysis (excitatory and
inhibitory actions) were then subjected to polar coordinate
analysis (Sackett, 1980), considering both the retrospective and
prospective perspectives.

The resulting polar coordinate maps show the associations
between each focal behavior (as given behaviors are known in
polar coordinate analysis) and all the conditional behaviors were
analyzed (represented as vectors through the Zg,;, parameter)
(Santoyo and Anguera, 1993; Gorospe and Anguera, 2000).
Every Zs,m parameter was understood as follows (Cochran, 1954;
Sackett, 1980): Zsum = %, where n represents the number of
lags analyzed. Three main points should be considered when
interpreting the associations: (a) the quadrant location of the
vector; (b) the length or module of the vector; and (c) the
angle (¢) of the vector with respect to the horizontal axis
(Castaner et al., 2016, 2017; Arias-Pujol and Anguera, 2017). To

calculate the length and angle of the corresponding vector
and corresponding representation, the retrospective (Y-axis)
and prospective (X-axis) Zgm values for each conditional
behavior are required (Lopez-Lopez et al., 2015; Arias-Pujol and
Anguera, 2017). This determines the association between focal
and conditioned behaviors. The length of the vector is calculated
by the /(ZsumProspective)? + (ZsumRetrospective)? (Lopez-
Lépez et al., 2015; Arias-Pujol and Anguera, 2017). Finally, the

angle is determined by dividing the retrospective Zg,y, arcsine

by the radius (¢ = %;ny), giving rise to four relationships

(Lopez-Lopez et al., 2015) according to the quadrant, in which
the vector is located:

(a) QuadrantI (0-90°). Indicates that the focal and conditional
behaviors are mutually activated in both perspectives; that
is, the conditioned behaviors occur before and after the
focal behavior (4, +).

(b) Quadrant II (90-180°). Indicates that the focal behavior
inhibits the conditional behaviors but is also activated by
them, that is, the conditioned behavior precedes but does
not follow the focal behavior (+, —).

(c) Quadrant III (180-270°). Indicates that the focal and
conditional behaviors are mutually inhibited, that is, the
conditioned behavior neither precede nor follow the focal
behavior (—, —).

(d) Quadrant IV (270-360°). Indicates that the focal behavior
activates the conditional behaviors but is also inhibited by
them, that is, the conditioned behavior does not precede but
follows the focal behavior (—, +).

These relationships were represented with the focal behavior
in the center of each vector map and the conditional behaviors
in one of four quadrants. Although all the relationships appear
on the vector representation of the polar coordinates map,
only those whose module or radium vector length > 1.96
are considered significant (p < 0.05) (Herndndez-Mendo and
Anguera, 1999; Castellano and Herndndez-Mendo, 2003; Lopez-
Lépez et al., 2015; Arias-Pujol and Anguera, 2017; Castailer
et al., 2017) and included in the results. A total of eight

Level 1- Tackwondo

Level 2- Tackwondo

Level 3- Tackwondo

athlete A athlete B athlete A
Defense Combined attack
Simple at.tack or Defense- Defense- counter-
opening Counterattack counterattack
Counterattack Defense

FIGURE 2 | Offensive-defensive tactical schema in taeskwondo (Menescardi, 2017).
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polar coordinates analyses were conducted, considering gender
(two options: male or female) and the score criteria (four options:
SC1, SC2, SC3, and SC4).

RESULTS

The results of the vector maps are shown in Figures 3-6 and
the polar coordinates analysis for each category of the score
criteria (as focal behaviors, i.e.,, SC1, SC2, SC3, and SC4) are
shown in Tables 2-5. Females and males showed a total of 21
and 28 excitatory relationships between behaviors, respectively.
For males, relationships were found in every focal behavior (SC1-
SC4), however, for females, they were found in SC1, SC2, and SC3
(no relationship was found in SC4).

DISCUSSION

The main findings of the present study are the relationships
extracted for each score in each gender. The results showed a total
(females and males) of 49 significant excitatory relationships (25
before -QI and QII- obtaining a point, and 24 after -QI and QIV-
gaining a point), and 13 that are inhibited before and after (QIII)
gaining a point. Of the 25 excitatory relationships, 11 explain
female successful and 14 male successful patterns. Females used
to score a point after a cut, used to shorten the distance with the
opponent, and after a direct circular attack with the back right
leg to the chest. A high probability of scoring two points was
also found after direct attacks to the head, while scoring three
points is probable after a cut, or a posterior counterattack with the
back leg. For females, there is little probability of scoring one and

three points by dodging, opening, linear actions or anticipatory
kicking counterattacks with the front leg. Males often score
one point after a dodge and a spin or an anticipatory back leg
kicking counterattack. Two points are scored after a simultaneous
counterattack (SCA) during a spinning kick to the head, while
three points are scored after a block or a kick with the back leg.
In addition, four points were scored after a block or a SCA with
the front left leg in close guard position. Finally, no scoring points
are obtained either before or after an opening with the front leg
or with a linear kick in an open guard position. The relationships
found can help coaches and psychologists to plan strategies for
winning points (in QI and QII) and avoiding those that prevent
points from being scored (QIII). The discussion will focus on the
relationships in QI, QII and QIIIL, which were found to be related
to scoring points. The QIV was found to be irrelevant for scoring,
in agreement with previous studies that also analyzed the results
of interest (Castaner et al., 2017).

Elite Female Athletes’ Relationships

A total of 21 excitatory relationships between focal and
conditioned behaviors have been found. From those excitatory
relationships, 11 occurred before gaining a point (QI = 9; QII = 2),
12 occurred after (QI = 9; QIV = 3), while seven were inhibited
before and after gaining a point (QIII). From a technical-tactical
perspective, there is a high probability of scoring a point (SC1)
after a cut (CUT), and after a circular (CIR) direct attack (DIA),
with the right (RIG) back leg (BAC) to the chest (CHE) (QI
and QII). This is in line with previous studies that found a
preference for direct actions and circular techniques (Menescardi
et al., 2012; Menescardi and Estevan, 2017), right back leg and
actions to the chest in competition (Tornello et al., 2014). A high
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FIGURE 3 | Representation of behavioral maps for SC1 category as focal behavior in female competitors (Left) and males (Right). The behavioral map was
represented divided into four quadrants, with each of the conditioned categories as vectors in the axis X-/Y- and their respective coordinates Zgym prospective (X-)

and Zgym retrospective (Y-).
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FIGURE 4 | Representation of behavioral maps for SC2 category as focal behavior in female competitors (Left) and males (Right). The behavioral map was
represented divided into four quadrants, with each of the conditioned categories as vectors in the axis X-/Y- and their respective coordinates Zsym prospective (X-)

and Zsym retrospective (Y-).
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FIGURE 5 | Representation of behavioral maps for SC3 category as focal behavior in female competitors (Left) and males (Right). The behavioral map was
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