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RESUMEN

El objetivo de este estudio es destacar diferentes perspectivas de la secuencialidad, cada una de las cuales implica
técnicas analiticas distintas, desde una perspectiva de métodos mixtos. Los estudios de métodos mixtos han sido
definidos por varios autores como aquellos que integran elementos cualitativos y cuantitativos. Por un lado, desde
un enfoque “clasico” y utilizando un conjunto de datos simulados, examinamos los méritos de calcular la distancia
entre secuencias como medida de su similitud o disimilitud. Por otro lado, exploramos tres enfoques del analisis
secuencial—anadlisis secuencial de retardos, analisis de coordenadas polares y deteccion de T-patterns—con el
objetivo de analizar el grado de convergencia de sus resultados. Tras una discusion de estas técnicas, presentamos
un estudio de caso empirico en el ambito de las ciencias del deporte. En este estudio, analizamos una competicion
de esgrima en las etapas finales de un campeonato mundial como un caso particular de observacion sistematica.
Considerando el fuerte componente metodologico de este trabajo, nos centramos en el primer nivel de la
diacronia—el analisis intrasesional—aunque nuestro objetivo es ampliar los analisis para incluir la diacronia
intersesional. Mediante un instrumento observacional especifico, creamos un conjunto de datos que, tras los
controles necesarios de calidad, fue analizado utilizando las tres técnicas mencionadas. Los resultados fueron luego
combinados y analizados en términos de similitudes y diferencias. Finalmente, a partir de los resultados de este
estudio de caso, proponemos un procedimiento para aprovechar el potencial y las garantias que ofrece el analisis
secuencial a fin de integrar casos individuales con estructuras y secuencias similares en la construccion de un
solido estudio de caso multiple.

Palabras clave: Analisis secuencial de retardos, analisis de coordenadas polares, deteccion de T-patterns, estudio
de caso multiple.
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ABSTRACT

The aim of this study is to highlight different perspectives of sequentiality, each involving different analytical
techniques, and from a mixed methods perspective. Mixed methods studies have been defined by several authors as
studies aiming to integrate qualitative and quantitative elements. On the one hand, from a “classic” approach and
using a set of simulated data, we examine the merits of calculating the distance between sequences as a measure of
their similarity or dissimilarity. On the other hand, we explore three approaches to sequence analysis—Iag
sequential analysis, polar coordinate analysis, and T-pattern detection—with the aim of analyzing the degree to
which their results converge. Following a discussion of these techniques, we present an empirical case study from
the field of sport sciences. In this study, we analyze a fencing competition in the final stages of a World Fencing
Championship as a particular case of systematic observation. Considering the strong methodological component of
this study, we focus on the first step of diachrony—intrasessional analysis—although our goal is to extend our
analyses to include intersessional diachrony. Using a specific observational instrument, we created a dataset
reflecting the sequences of events that, following the necessary data quality controls, was analyzed using lag
sequential analysis, polar coordinate analysis, and T-pattern detection. The results were then combined and
analyzed for similarities and dissimilarities. Finally, drawing from the results of this case study, we propose a
procedure for harnessing the potential and guarantees offered by sequence analysis to bring together individual
cases with similar structures and sequences to build a robust multiple-case study.

Keywords: Sequence similarity, lag sequential analysis, polar coordinate analysis, detection of T-patterns, multiple
case.

RESUMO

O objetivo deste estudo ¢ destacar diferentes perspetivas da sequencialidade, cada uma envolvendo técnicas
analiticas distintas, a partir de uma perspetiva de métodos mistos. Os estudos de métodos mistos tém sido definidos
por varios autores como aqueles que integram elementos qualitativos e quantitativos. Por um lado, a partir de uma
abordagem “classica” e utilizando um conjunto de dados simulados, examinamos os méritos do calculo da
distancia entre sequéncias como medida da sua similaridade ou dissimilaridade. Por outro lado, exploramos trés
abordagens da analise sequencial—analise sequencial de retardos, analise de coordenadas polares e detecao de T-
padrées—com o objetivo de analisar o grau de convergéncia dos seus resultados. Apds a discussdo destas técnicas,
apresentamos um estudo de caso empirico no dominio das ciéncias do desporto. Neste estudo, analisamos uma
competicao de esgrima nas fases finais de um campeonato mundial como um caso particular de observagdo
sistematica. Considerando o forte componente metodologico deste trabalho, centramo-nos no primeiro nivel da
diacronia—analise intra-sessdo—ainda que o nosso objetivo seja alargar a analise a diacronia inter-sessao.
Utilizando um instrumento observacional especifico, cridmos um conjunto de dados que, apds os controlos
necessarios de qualidade, foi analisado recorrendo as trés técnicas referidas. Os resultados foram depois
combinados e analisados quanto as suas semelhangas e diferengas. Finalmente, com base nos resultados deste
estudo de caso, propomos um procedimento para aproveitar o potencial e as garantias oferecidas pela analise
sequencial, de modo a reunir casos individuais com estruturas e sequéncias semelhantes, construindo assim um
estudo de caso multiplo robusto.

Palavras chave: Similaridade de sequéncias, analise sequencial de retardos, analise de coordenadas polares,
detecgdo de T-patterns, estudo de caso multiplo.
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This work, as evidenced by its depth and methodological rigor, was developed by M. Teresa Anguera as first
author. We, the co-authors, had the privilege of collaborating with her in its preparation and have taken the liberty
of completing it. We believe this monographic tribute to her life and legacy is the most fitting place for its
publication.

Thank you for everything, dear M. Teresa; your smile and example will always be with us.

INTRODUCTION

Although observation and other sources of data have been given some attention in the mixed methods research
literature, few researchers have applied systematic observational research methods (Anguera et al., 2017).
Systematic observation is a scientific procedure for analyzing perceivable behaviors that occur spontaneously in a
usual setting (Anguera, 2003; Bakeman & Gottman, 1997; Quera, 2018). In recent years, however, there has been a
surge in the number of empirical studies involving the application of mixed methods research designs rooted in
systematic observation in the field of sport and physical activity (Anguera et al., 2023; Camerino et al., 2012;
Preciado et al., 2021; Saiz-Manzanares et al., 2022). For this reason, we also believe that it is time to reconsider
studies that apply systematic observation through a mixed methods design in certain sports, and sequence analysis
is an suitable analysis technique, used in fencing (Iglesias & Anguera, 2012; José et al., 2017; Tarrago6 et al., 2017)
and other sports. The plural approach includes other convergent analytical techniques, which implies a richer
perspective that enlarges the broad field of study, but always with the common goal of detecting the deep structure.
Sequence analysis is a key part of life course research in which sequences of events are analyzed through a “lens”
that can zoom in to a more immediate situation (e.g., a video recording of a series of episodes that form a life
event) or zoom out to provide just a general overview. The combined results provide an increasingly clear picture
of reality.

In this study, we provide an overview of classic and more recent approaches to sequence analysis, and through a
case study of behaviors in fencing, we analyze the extent to which the use of three sequence analysis techniques
applied to the same dataset can provide complementary insights. Drawing from our case study, we then propose a
method for overcoming the limitations of single-case studies by using a methodological framework designed to
build a multiple-case study with guarantees of both uniqueness and homogeneity.

First, from what we term a “classic” perspective, we outline the merits of measuring distances between sequences
as a means of analyzing their similarities and dissimilarities between these sequences. This approach offers a
compelling way of analyzing associations between sequences from highly heterogeneous cases, which may involve
different participants, contexts, and so on. Using a set of simulated data, we illustrate how distances between
sequences are calculated.

Next, we examine three approaches to sequence analysis—Ilag sequential analysis, polar coordinate analysis, and T-
pattern detection—with the aim of analyzing the degree to which their results converge.

We then present an empirical case study of a sporting event that we propose as a particular “life event.” In this
study, we observed the behaviors of two fencers during the final stages of a World Fencing Championship and
created a dataset reflecting the sequences of events which, following the necessary data quality controls, were
analyzed using lag sequential analysis, polar coordinate analysis, and T-pattern detection. The results were then
combined and analyzed for similarities and dissimilarities. Finally, drawing from the results of our case study, we
propose, as a methodological desideratum, a procedure for harnessing the potential and guarantees offered by
sequence analysis to bring together individual cases with similar structures and sequences to build a robust
multiple-case study.
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METHOD
Sequence analysis: at the crossroads of different perspectives
The classic perspective: distance between sequences

Sequence analysis is the statistical study of successions of states and events over time (Gauthier et al., 2014). Over
the past 40 years, it has become a highly productive branch of knowledge that takes the life course as its referent,
with little regard for contextual factors, at least in terms of key issues.

The life course framework offers an enormous range of opportunities to study events at different substantive levels,
at varying levels of detail along the continuum from the molecular to the molar, and on different time scales (e.g.,
from the split-second movements of a fencer during a competition to the eruptions of a volcano, which may be
centuries apart). In all cases, however, sequence analysis seeks to identify a trajectory or structure—a backbone, as
it were—that emerges as a straight or branching line that can have any number of links in the chain, based on data
collected using standard and non-standard instruments. This structure reveals a matrix of relationships, presuming
these exist, between duly coded events. In addition, this approach allows a diachronic perspective (prospective or
retrospective) and, when necessary, can also be used to provide a synchronic account.

Sequence analysis has not been exempt from controversy and debate among researchers from different
methodological backgrounds—for example, Bakeman (1978), Blossfeld and Rohwer (1995), Magnusson (1996),
Billari (2001), Quera (2018), and Liao et al. (2022)—although it is widely accepted that sequence analysis
techniques are robust.

Any facet of reality in the social sciences can be studied as a narrative, in the figurative sense of the term used by
Abbott (2001). Most facets are described formally (Levy et al., 2005) using the following concepts: a) trajectory:
stability and change over time (George, 1993), which may or may not be long-term and which allows the study of
intersessional and/or intrasessional diachronies; b) stage or state: a period of relative structural or functional
stability, and hence persistence of patterns detected; c) event: something that happens at a given time and in a given
place and can be perceived objectively; series of events—in our case, the behaviors of fencers—form the building
blocks for creating non-standard observation instruments; and d) transition: a shift between two stages or states
manifested by short patterns or no patterns at all and reflecting the randomness of behavior during transition.

These narratives, which are understood as structured patterns (Gauthier et al., 2014), may be affected by
endogenous and exogenous factors that act as noise in the system. We refer to these in Section 4, corresponding to
Moving beyond single-case studies, in relation to the possibilities of moving beyond single cases to build a
multiple-case study. As Gauthier et al. (2014, p.4) stated, “this unity of narratives forms the basis for
generalisation”.

From a broad classic perspective, different approaches have been proposed for studying sequences obtained at
different points of time.

One such approach is the event history model (Blossfeld et al., 1989), in which an event is considered to be a
transition between two states. An event history is thus a sequence of consecutive events, all related to a given
trajectory that includes a record of when these events occur. Event history data have also been applied to survival
analysis (Yamaguchi, 1991), as they permit the evaluation of the impact of a series of unforeseen events that may
occur at a given time.

A subsequent development was a surge in the analysis of event histories using the approach proposed by Abbott
(1990, 1992), along with Abbott and Forrest (1986) and Abbott and Hrycak (1990), who, instead of studying
particular episodes within an event history or the determinants of specific transitions, focused on classifying
“whole” event histories with the aim of identifying similar histories that could be grouped together. We wonder if a
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similar —or even more ambitious —approach (see Section 4) could be applied to individual case studies, which
would be linked more by explanatory variables than by particular transitions.

We agree with Dijkstra and Taris (1995, p.215) that the two event history approaches described above
“complement each other well”. Perhaps the greatest challenge lies in classifying similar sequences, as the
exponential number of possible “trajectories” would result in an excessively laborious procedure. To address this
problem, Dijkstra and Taris (1995) recommended creating a series of dummy variables that would each indicate
whether a particular individual belonged to a specific state at a particular point in time. In our fencing case, for
example, we could look at whether a given fencer was winning, drawing, or losing at a given moment.

One essential difference between the two approaches is related to the order of occurrence. Like Abbott and
colleagues, we consider this to be essential. Abbott and Hrycak (1990) made very important contributions in this
respect. In addition to reviewing the literature on sequence analysis in different disciplines, including conversation
analysis (McClure, 1983; Vuchinich, 1984)—which, figuratively speaking, allows us to draw certain parallels with
phrases in fencing (sequences of uninterrupted movements)—the authors described an optimal matching algorithm
that was a considerable improvement over existing procedures for comparing trajectories and could be applied to
any situation in which a sequential list of events exists.

Optimal matching (Abbott & Hrycak, 1990) uses a dynamic programming technique developed from sequence
alignment methods applied in molecular biology. Sequences must consist of strings of well-defined elements that
may or may not be repeated and the algorithm calculates interval level measures of resemblance between
sequences. These interval-level measures, or distances, treated as sequences of data, are also used to group
algorithms, which in turn generate information about typical sequence patterns (Sankoff & Kruskal, 1983). Recent
reviews reaffirm the foundational role of optimal matching in social sequence analysis while highlighting its
continued relevance in contemporary methodological developments (Liao et al., 2022).

In this section, we use a set of simulated data to show how optimal matching works. Let us consider the following
sequences and calculate the distance between them to determine their level of resemblance.

Table 1

Six sequences showing events occurring at successive time points (category system = {ABCDEF G H 1}).

Sequence Successive Equidistant Time Points

—

tg

Sequence #1

Sequence #2

Sequence #3

Q|| |ms
QlQ|Q|m|s
QlQ|

Sequence #4

Sequence #5
Sequence #6

> | >| > >
W W m| WS
Q™o Q@S
wiiviinliceliviielis
oo Q| QIm|gs

F

The optimal matching algorithm measures the distance between sequences in terms of the insertions, deletions, and
substitutions needed to transform one sequence into another. Sequence #1, for example, can be transformed into
sequence #2 by deleting A at the beginning and inserting G and H at the end. Likewise, sequence #2 can be
transformed into sequence #5, by deleting A at the beginning and F at the end, and sequence #1 can be transformed
into sequence #6 by simply deleting A at the beginning. Thus, based on the number of actions required, sequence
#1 is closer to sequence #6 than to sequence #5 but it is closer to sequence #5 than to sequence #2. This measure of
similarity is known as Levenshtein distance (Sankoff & Kruskal, 1983, p.18).

The minimum number of actions required to transform the sequences are shown in Table 2.
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Table 2

Minimum Number of Actions Required to Transform Sequences.

Sequence #1 #2 #3 #4 #5
#2 3
#3 6 5
#4 8 7 5
#5 2 3 6 8
#6 1 2 6 8 1

There are multiple ways to transform one sequence into another, but the important figure is the minimum number of
actions required for a given transformation (Abbott & Hrycak, 1990).

For example, two strategies can be used to transform sequence #2 into sequence #3. We will call these Alpha and
Beta (Tables 3 and 4). They comprise six and five actions. As five is fewer than six, this is the minimum number
shown in Table 2.

Table 3

Transformation of Sequence #2 into Sequence #3 (Alpha Strategy). Six Actions Are Required.

Sequence #2 B C D E F G H

Sequence #3 A

A
A

Table 4

Transformation of Sequence #2 into Sequence #3 (Beta Strategy). Five Actions Are Required.

B C D E F G H
A D E G H G G

Sequence #2
Sequence #3

A
A

Optimal matching, however, involves an additional layer of complexity. The main issue is that the number of
actions required for a particular transformation is influenced by the length of the sequence. To address this, Abbott
and Hrycak (1990) suggested standardizing by dividing the minimum number of transformations—what they called
the “transformation distance”—by the length of the longer sequence (see Table 5 for results). This is one of several
standardization options; others, such as using average length or aligned positions, may be chosen depending on
research aims (Studer & Ritschard, 2016).

Table 5

Measures of Distance Between Sequences.

Sequence #1 #2 #3 #4 #5
#2 0.375
#3 0.750 0.625
#4 1.000 0.875 0.625
#5 0.286 0.375 0.750 1.000
#6 0.142 0.250 0.750 1.000 0.166
Ve
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The table shows that sequences #1 and #6 are the closest to each other, followed by sequences #5 and #6. The most
dissimilar sequences—i.e., those separated by the greatest distance—are sequences #1 and #4, sequences #4 and
#5, and sequences #4 and #6.

This optimal matching procedure proposed by Abbott and Hrycak (1990), offers many possibilities for situations
that require comparisons of sequences.

New developments in sequence analysis: a complementary analysis using three techniques

Methodologically, sequences are analyzed from a plural perspective. This is important not only for conceptual
expansion and enrichment but also because it drives methodological developments and increases the number of
potential applications.

In the next section, we describe three novel sequence analysis techniques. They are considered novel not because
they are “new” (they were all developed some time ago), but because their potential has been optimized through
subsequent work and because more powerful software capable of performing the necessary calculations has been
developed.

Lag sequential analysis

Lag sequential analysis, proposed by Bakeman (1978) and subsequently extended by Bakeman and Gottman
(1997), Bakeman and Quera (2011), and Quera (2018), has proven to be highly effective in diverse fields (Garcia-
Farina et al., 2018; Lapresa et al., 2013b, 2018; Roustan et al., 2013; Santoyo & Mendoza, 2018), and is extremely
useful for analyzing datasets compiled from direct and/or indirect observation that contain sequences of behaviors
coded using an ad hoc observation instrument. Lag sequential analysis is used to detect communication patterns
and investigate associations between categories by calculating of observed and expected probabilities. This method
is applicable to datasets of behaviors that occur in a certain order; the data can be type I or type II data (where the
parameter of interest is sequence) or type III or type IV data (where the parameter of interest is duration). Lag
sequential analysis can also be used to analyze a single dimension within an observation instrument (type I or type
IIT data) or several dimensions simultaneously. The first step in this analysis is to define our criterion behaviors (the
starting point of any possible patterns detected) and to apply the time lags defined for the study. Observed
probabilities are calculated for each of the lags using the binomial test; this test produces adjusted residuals
(Allison & Liker, 1982), which show the strength of association between significantly associated categories (i.e.,
between criterion behaviors and the conditional behaviors with which they are associated). In our case, the level of
significance was set at p<.05. Adjusted residuals were calculated to determine the strength of association between
behaviors. Lag sequential analysis was performed in both the prospective and retrospective modes to investigate
sequences of behaviors that occurred before and after the criterion behavior. Adjusted residuals are prospective
when the lags are analyzed in a forward direction from the criterion behavior (lags +1, +2, etc.) and retrospective
when they are analyzed in a backward direction (lags -1, -2, etc.). Adjusted residual values greater than 1.96 or less
than -1.96 are considered statistically significant. Drawing on findings from prior studies in the behavioral and
social sciences (Lapresa et al., 2013b), we decided to use ten lags (from lag -5 to lag -1 and lag +1 to lag +5), as
patterns tend to become diluted when more lags are included.

Polar coordinate analysis

Polar coordinate analysis is an elaborate data reduction technique that provides a vectorial representation of the
complex network of interrelations between categories that make up the different dimensions of the observation
instrument. The structure of polar coordinate analysis complements prospective and retrospective sequential
analysis (Bakeman, 1978). The retrospective, or “backward” perspective, which incorporates what Anguera (1997)
referred to as the concept of “genuine retrospectivity”, reveals significant associations between the focal behavior
and behaviors that occur before this behavior (i.e., negative lags). In our study, this retrospective analysis produced
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a “mirror-like” image of associations between observation units that occur before the focal behavior; the sequence
followed is last, second-to-last, third-to-last, etc. In other words, patterns obtained through retrospective sequential
analysis reveal patterns formed by categories that lead up to the occurrence of the behavior of interest.

Polar coordinate analysis provides interpretable data through the application of an extremely powerful data

sum

reduction technique involving the calculation of the Zgn statistic Z,, = %:— , described by Cochran (1954) and
n

later proposed by Sackett (1980). Prospective and retrospective Z.» scores can have a positive or negative sign.
Each conditional behavior is represented by a vector, which, in turn, is located in one of four quadrants (I, II, III, or
IV) depending on the positive or negative sign of the prospective and retrospective Zg.» scores. These quadrants
indicate whether the focal and conditional behaviors activate or inhibit each other.

Polar coordinate analysis has been used extensively in several fields (Alcover et al., 2019; Arias-Pujol & Anguera,
2017; Escolano et al., 2019; Pérez-Tejera et al., 2018; Portell et al., 2019; Rodriguez-Medina et al., 2018), and also
in diverse sports (Aragon et al., 2016; Castafier et al., 2016; Font et al., 2022; Maneiro & Amatria, 2018; Maneiro
et al., 2019; Menescardi et al., 2019; Morillo et al., 2017; Nunes et al., 2022; Tarrag6 et al., 2017).

Detection of T-patterns

The assumption underlying the T-pattern detection method is that complex human behaviors have a temporal
structure that cannot be fully detected through traditional observational methods or mere quantitative statistical
logic (Magnusson, 1996, 2000, 2018). By detecting T-patterns, or “temporal patterns”, this method can detect
structural analogies across very different levels of organization and enable an important shift from quantitative to
structural analysis.

T-patterns detection studies have been conducted in very different scientific domains and also in the field of sport
(Aragoén et al., 2016; Borrie et al., 2002; Castafier et al., 2017; Chaverri et al., 2010; Gutiérrez-Santiago et al.,
2013; Lapresa et al., 2013a, 2013c; Soriano et al., 2024; Tarragd et al., 2015; Zurloni et al., 2014). Since
observational records of human behavior have a temporal and sequential structure, an analytical tool that can
describe this structure can only enhance the understanding of the target behavior(s). In fencing, for example, T-
pattern analysis can reveal the hidden yet stable structures that underlie the interactions that determine what occurs
in a competition. The discovery of hidden T-patterns could help fencing coaches to better predict the behaviors of
both competitors in a fencing bout thanks to an integrated system that allows for an increased depth of analysis.

For the T-pattern analysis in this study, we used the software program THEME v. 6 Edu, and assigned a constant
duration (=1) to each event-type (Lapresa et al., 2013a), as the focus of our analysis was not on the duration of each
phrase or the distance between phrases (which is very similar), but rather their internal sequentiality.

The calculations for the methods employed in this study were performed using the following freely available
software programs: GSEQS5 for lag sequential analysis (Bakeman & Quera, 2011; Quera, 2018); HOISAN v.1.6.3.
for lag sequential and polar coordinate analysis (Hernandez-Mendo et al., 2012); THEME v.6 Edu for T-Pattern
detection (Magnusson, 1996, 2000, 2018); and R v.3.5.3, using the irr and boot packages.

Case study

To illustrate the possibilities offered by the sequence analysis techniques discussed in the previous section, we
undertook a case study of fencing behaviors using lag sequential analysis, polar coordinate analysis, and T-pattern
detection and analyzed the complementary insights that these techniques can provide into the same “reality.”
Before describing this study, we would like to make two comments.
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First, from a methodological perspective, our aim is to break through the “ceiling” imposed by the separate use of
each of the techniques. We believe that the perspectives offered by each technique in isolation are complementary
as they all share a common element: a sequential dataset (Bakeman, 1978). The feasibility of such an approach has
been demonstrated on several occasions over the past 10 years (Anguera, 2007, 2017; Lapresa et al., 2013b;
Santoyo et al., 2017; Tarrago et al., 2016, 2017), and we must continue to push forward.

Second, if we are to examine a real-life situation through any lens, clearly we must do so at a distance that is
consistent with the specific objectives of the analyses. Life events occur at the convergence of the infinite factors
that influence our everyday lives (Portell et al., 2015). In this study, we analyze a fencing competition in the final
stages of a World Fencing Championship as a particular life event within the broader life course of the athletes
observed. Considering the strong methodological component of this study, which seeks to lay the foundations for
subsequent developments, we focus on the first step of diachrony—intrasessional analysis—although our goal is to
extend our analyses to include intersessional diachrony over time.

Below is a description of the case study, which is called 4 Complementary Study of Elite Fencing Tactics Using
Lag Sequential, Polar Coordinate, and T-Pattern Analyses.

The aim of the study was to perform a diachronic analysis, using lag sequential analysis, polar coordinate analysis,
and T-pattern detection, of behaviors in fencing, a sport in which the exchange of actions between two fencers is
determined by a series of decisional processes (Iglesias et al., 2010; Tarrago et al., 2015).

The continuous interchange of actions and reactions during a fencing bout, the aim of which is to gain a touch, is
known as a fencing phrase and can be analyzed sequentially from two perspectives. In the first case, the objective is
to determine what happens within each phrase, i.e., to identify actions and reactions triggered by the techniques
employed by the two fencers; each phrase is characterized by an internal logic that determines the tactics used and
in which the different actions executed influence the result (i.e., gain or loss of a touch). In the second case, the
objective is to determine how these phrases evolve throughout the bout, i.e., to analyze the diachronic relationships
underlying the tactics employed (succession of actions over time), as this can shed light on strategic and tactical
decisions that lead fencers to use or modify a certain behavior (technical action), giving rise to the repetition or
diversification of sequences of actions, or phrases, during the bout.

We employed an observational methodology design, as the actions to be studied were perceivable, regular (i.e.,
performed repeatedly by professional fencers), and took place in a setting that lends itself particularly well to
observation. Observational methodology is also an ideal technique for analyzing whether behaviors that occur
throughout episodes or periods of time have an internal sequential structure (Abbott, 1990, 1995; Abbott & Hrycak,
1990; Abbott & Tsay, 2000).

This internal structure can be analyzed using different methods, each with its own principles, processes, and
analytical methods. In our case, we chose lag sequential analysis, polar coordinate analysis, and T-pattern
detection.

The ultimate aim of this empirical study was to analyze the confluence of results from three complementary
methods to identify direct relationships between different tactical actions and their efficacy (in terms of score), and
to shed light on successful strategies that could help fencers make better decisions during competitions.

Procedure
We employed a nomothetic, point, multidimensional observational study design (Anguera et al., 2011). In order to

satisfy the aims of the study, a convenience sample was carried out. We analyzed four bouts, from the direct
elimination (DE16) round to the final, of the épée fencer who won the silver medal and was consistently observed
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on the right-hand side of the piste during the Men’s Individual World Fencing Championships in Kazan, Russia
(2014).

The data were recorded using LINCE v.1.4 (Gabin et al., 2012) and LINCE PLUS (Soto et al., 2022), and a total of
187 fencing phrases were recorded using the type II data modality. The images were obtained from broadcasts
made available by the Fédération Internationale d’Escrime (FIE).

The study formed part of a larger fencing project approved by the clinical research ethics committee of the Catalan
Public Sports Authority (2005) and was conducted in accordance with the principles of the Declaration of Helsinki.
In line with the ethical requirements specified in the American Psychological Association guidelines (2002) and the
Belmont Report (1978), informed consent was not required because the research was an observational study
conducted in a natural setting using publicly broadcast, publicly available images.

The observation instrument ESGRIMOBS described by Tarragé et al. (2015) was adapted for the purpose of the
study (Table 6). The resulting instrument consisted of six criteria or dimensions, which gave rise to 21 categories.
Given the complexity of analyzing fencing tactics, we based our analysis on observation units drawn from concepts
described in fencing rules published by the Fédération Internationale d'Escrime (2014). Each observational unit was
formed by a fencing phrase, the aim of which is to gain a touch, and each phrase was analyzed by applying the
different criteria that formed the observation instrument.

Data quality was ensured by analyzing the validity of the observation instrument and the reliability of the
observation process (Blanco-Villasefior & Anguera, 2000). The ESGRIMOBS observation instrument had been
validated in a previous study (Tarrag6é et al., 2015). Reliability was assessed with the participation of two
observers, who received specific training to accurately interpret and apply the ESGRIMOBS instrument.
Observation criteria were jointly established, and initial data were coded collaboratively to reach consensus
(Anguera, 1990). Intra- and interobserver reliability was assessed using 45 actions from three épée bouts. Kappa
statistics calculated with GSEQS5 showed an interobserver agreement of 0.78 and intraobserver values above 0.79.

RESULTS

Given the primary aim of this study—to analyze diachronic relationships underlying the tactics employed by one of
the world’s top fencers using three complementary techniques—we developed a summary table (Table 7) that
highlights both “favorable” and “unfavorable” tactical sequences identified by each technique. In the T-pattern
analysis, a behavior was considered favorable when the set of event-types contained the event “touch”, and in the
lag sequential and polar coordinate analyses, it was considered favorable when it activated a touch for the fencer or
inhibited a touch by his rival. It should be noted that in the case of antagonistic significances for the different lags
in the sequential analysis, lag values or 0 or close to O were prioritized.

The combined application of these complementary techniques was first introduced by Tarrago et al. (2016). Our
proposal supports the value of interpreting observational records in sports such as fencing through the
complementarity of these three techniques, providing the coaches with a new approach to the analysis of the
strategies and tactics employed by the fencers analyzed.

The summary table (Table 7) and the analyses described partially in the results section provide detailed insight into
the tactics used by the fencer (on the right) in relation to his rivals (on the left) in each bout, as each of the
techniques provides a distinct yet complementary interpretation. Each dataset corresponds to a phrase, which may
be viewed as a “co-occurrence” of behaviors, but actually exhibits internal or intra-phrase sequentiality (left-to-
right sequentiality based on transcription order). In other words, our analysis shows how behaviors influence other
behaviors within each phrase. This relationship links tactical behaviors with specific technical executions, analyzed
by sequential analysis at lag 0 and T-pattern analysis.
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The strategic analysis also considers between-phrase relationships —that is, relationships between each phrase
(datasets arranged vertically from top to bottom). This approach reveals how co-occurrences or events (phrases)
influence one another through T-patterns, as illustrated by dendrograms linking two or more phrases with
statistically significant associations. Additionally, it captures how specific behaviors (actions) influence preceding
or subsequent behaviors using lag sequential analysis (lags -1 to -5 and +1 to +5) and polar coordinate analysis.

Table 6

Adaptation of the observation instrument ESGRIMOBS (Tarrago et al., 2015).

Criteria Codes Categories
PD Right pressure
Pressure
PI Left pressure
NP No pressure
. XD Right preparation
Preparation
XI Left preparation
. . OD First action: right offensive
First action ) ) )
Ol First action: left offensive
DOD Second action: right offensive
Second action DOI Second action: left offensive
DCD Second action: right counteroffensive
DCI Second action: left counteroffensive
DDD Second action: right defensive
DDI Second action: left defensive
TOD Third action: right offensive
Third action TOI Third action: left offensive
TCD Third action: right counteroffensive
TCI Third action: left counteroffensive
TDD Third action: right defensive
TDI Third action: left defensive
TI Left touch
Touch .
TD Right touch

Note: Pressure refers to a series of forward movements to shorten the distance with the opponent, forcing them to retreat or
take action. “Right pressure” is when the pressure is applied by the fencer on the right side of the image. Preparation is the
movement made with the intention of generating a reaction in the opponent or of gaining an advantage in a subsequent action
of one's own. “Left preparation” is when the preparation is applied by the fencer on the left side of the image.

Table 7

Complementary evaluation of tactical sequences for the silver medalist fencer (observed on the right side of the
piste) in the Men’s Individual Epée World Championship, 2014.

Polar
T-Patterns Lags Coordinate
Behaviors that favor the fencer on the right
DCI DOI NP
(( PD,XD,01,DDD PD,0D,DDI )( PD,XD,0D,DDI ( PD,XD,01,DCD,TD PD,0D,DDI ))) DDI TOD ol
(PD,0OD,DDI ( PD,XD,0L,DDD ( PD,XD,01,DCD,TD PD,0OD,DDI ))) TCI TOI DCD
(PD,XD,0D,DCL,TD PD,OD,DDI) DOD
(PD,XD,0D,DCLTD PD,XD,0D,DDI ) DDI
Behaviors that do not favor the fencer on the right
( PLXI,0D,DCLTDD ( NP,XD,0D,DDI ( PD,X1,0D,DDI PD,XD,0D,DCLTI ))) PI NP PI
(PD,0D,DDI ( PD,0OD,DDLTCD,TI PD,XD,0D,DDI )) XI ol PD
(PD,XD,0D,DDLTCD,TID PLXI,01,DCD,TI) DDI DDD TOD
(PD,0OD,DDI PD,OD,DDLTCD,TI) DOD
] ) .f N Sociedad
Cuadernos de Psicologia del Deporte, 26, 1 (febrero) 7 ==L roamericana de

-UPsicologiq del
UDepor’re



Anguera et al.

DISCUSSION
Moving beyond single-case studies

While a single-case study can provide a rich and nuanced account of a life event or phenomenon (Siggelkow,
2007), multiple-case studies (Yin, 2014) offer a more robust foundation for the theory building, allowing a
distinction to be drawn between idiosyncratic events and events that can be consistently replicated. In addition,
multiple cases allow for a level of abstraction that enhances the robustness of findings (Anguera, 2018).

As stated by Hilliard (1993, p.375), “The issue of homogeneity is not as simple and straightforward as it might first
appear. A single-case approach would exert great caution in assuming that a group is truly homogeneous until this
has been clearly shown, which would involve considerable understanding of the phenomenon of interest at the
single-case level. Once a phenomenon is sufficiently well understood at the single-case level, intelligent
aggregation may be possible.” Consequently, a multiple-case study typically begins as a single-case study, and
additional cases are incorporated only after demonstrating that they are truly homogeneous.

Single cases are by nature individual and aim to capture unique characteristics. They contain a core element and
several concentric circumferences that vary in their reach. They are studied intensively, preferably using a
systematic approach, drawing on information from various sources. It is important to note here a key
methodological consideration. The initial uniqueness that characterizes a single case may be progressively
complemented through the addition of cases that hold sufficient similarities to the original case, within a
methodological procedure that advances towards a multiple-case study comprising homogeneous cases. Ad hoc
inclusion criteria can be established, based on the presence of essential characteristics or a minimum threshold of
similarity. A multiple-case study can be considered genuinely multiple when it is shown that its constituent cases
share a common structure or contain similar sequences.

The term “multiple-case study” was first used by Stake in 2006, although his seminal work on case study research,
from 1995, used the term “collective case study,” which is essentially what Herriott and Firestone (1983) referred
to as “multisite qualitative research.” Stake may be credited with coining the expression “multiple-case study,”
although he did not outline a procedure for conducting such studies. This remains a key methodological
desideratum.

In the 2014 edition of his book Case Study Research: Design and Methods (the first edition of which was published
in 1984), Yin refers to multiple-case studies as case studies that contain multiple cases. This concept serves to
highlight the importance of clearly defining aspects related to the selection and aggregation of cases and the
establishment of limits and solutions for filling gaps in the methodological procedure.

The questions formulated by researchers building a multiple-case study first and foremost relate to the profile or the
characteristics of the successive cases—referred to by some authors, such as Gerring (2004), as “units”—and the
degree with which they share characteristics with the matrix case, with varying levels of ambiguity or blurriness.
The second issue concerns the number of cases to be included. Several authors, adopting different approaches, have
proposed a number that will guarantee representativeness (Gerring, 2004; Sandelowski, 1996).

The crux of the matter, however, is to provide sufficient guarantees that a multiple-case study is truly multiple, as
its name implies. Sandelowski (1996, p.527) very rightly states: “The search for common and uncommon themes
and patterns across cases is premature, and likely to yield superficial results lacking in subtlety and credibility,
without initial efforts toward understanding the ensemble features in each case, or how these features or variables
are configured to create a whole. Indeed, a primary reason for choosing a qualitative method to study a
phenomenon is to grab the nuances and contradictions of real life experiences, which will likely make the findings
from any subsequent move to a variable oriented treatment of these data more valid because it better reflects these
subtleties” (our emphasis).
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Indeed, the search for patterns is perfectly feasible, as is the exploration for relationships between sequences.

The question, however, is how we can demonstrate that a multiple-case study has a common structure or that the
individual cases that make up the study have similar sequences.

Whatever the case, what is needed is a system that reveals the hidden structure of the data. Of course, “‘real’
research does not happen in such a linear way. Its chronological order is more of a cyclical process of interrelated
steps that happen in parallel and repeatedly, often overlapping with, and influencing each other” (Diefenbach,
2009, p. 876).

The central concern of a multiple-case study is to create a solid foundation to support the gradual and inductive
process of adding single cases. In our opinion, it is not sufficient to simply apply rules based on specific
homogeneity criteria to determine whether a case can be included or not. Considering that a single case can contain
a large amount and density of information, it would be superficial not to introduce more demanding methodological
requirements.

The first consideration is that the information in such cases may come from various sources. For both the matrix
and subsequent cases, it is important to submit the raw data to an initial process that enables joint analysis in a
subsequent stage.

Stage 1: Systematic organization of data

The first step is to organize all available information, from its various sources, into a format that yields one or more
code matrices.

Stage 2: Analysis of data to identify a structure in the single case and in groups of multiple cases

The main challenge in multiple-case studies lies in identifying a common structure and detecting shared patterns. In
other words, we need to know whether the hidden patterns underlying the structure of the matrix case are
maintained as new cases are added. As Posner et al. (2007, p.24) stated, “we need to understand both common
processes and individual differences”.

The idea of investigating the internal structure of the datasets corresponding to each case added to a multiple-case
study is novel one, as is our proposal to use a combination of sequence analysis techniques to search for patterns.

After investigating multiple situations over the last three decades, situations for which only systematic diachronic
records with different levels of “granularity” (Schegloff, 2000) were available, we have accumulated more than
enough evidence to demonstrate that the complementary use of trend analysis, lag sequential analysis, polar
coordinate analysis, and T-pattern detection provides the necessary information, with methodological robustness,
to confirm that a multiple-case study is, in fact, what its name implies (Anguera, 2017, 2018).

PRACTICAL APPLICATIONS

The use of sequence analysis in the study of life events deserves constructive criticism to highlight both its
strengths and weaknesses within mixed methods research.

On the negative side, the range of sequence analysis approaches used to date is extremely diverse. One might
reasonably conclude that this field of knowledge is in its infancy, populated by researchers who tend to work alone
and do not cite each other, but this situation can be partially explained by the fact that the researchers using these
techniques represent a variety of disciplines.
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Several positive aspects also deserve mention. The approach we propose encompasses a wide range of
methodologies that have led to important advances, and further breakthroughs are expected in the near future. We
highlight the feasibility of using multiple complementary sequence analysis techniques, as well as the
methodological benefits of constructing multiple-case studies by applying these techniques to individual cases.
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