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Abstract

Within the framework of an observational methodology
study, we used log-linear analysis to analyze efficiency in
elite under-16 basketball from the perspective of three key
dimensions: shot position, last pass position, and shot result.
The reliability of the observational datasets was confirmed by
analysis of interobserver agreement (Cohen’s kappa statistic)
and a generalizability theory analysis. The most parsimonious
hierarchical model selected using backward elimination in
the log-linear analysis was a conditional independence model
where the association between last pass position and shot
position was independent of shot result and the association
between shot position and shot result was independent of
last pass position. In this article, we discuss the results
corresponding to the model's first- and second-order effects
and show the possibilities offered by log-linear analysis
within a systematic observation study to analyze efficiency in
basketball.

Keywords:  performance  analysis,  observational
methodology, last pass position, shot position, shot result.

Resumen

En el seno de la metodologia observacional se realiza
un estudio de la eficacia en la élite del baloncesto sub
16. Mediante un andlisis log-linear se analiza la asociacion
entre tres dimensiones claves en el estudio de la eficacia.
En lo relativo a la calidad del dato, se ha garantizado
la concordancia inter-observadores mediante el coeficiente
kappa de Cohen. Ademas, en el seno de la teoria de la
generalizabilidad, se ha garantizado una elevada fiabilidad de
precision de generalizacion de los resultados. Los resultados
obtenidos a partir del analisis log-linear realizado muestran
que el modelo jerarquico mas parsimonioso seleccionado a
través del procedimiento backward es el de independencia
condicional: la asociacion entre el lugar desde el que se realiza
el Ultimo pase y el lugar desde el que se realiza el lanzamiento
es independiente de consecuencia del lanzamiento; y la
asociacion entre el lugar desde el que se realiza el lanzamiento
y la consecuencia del lanzamiento es independiente del lugar
desde el que se realiza el Ultimo pase. A partir de la discusién
de los resultados relativos a los efectos de primer y segundo
orden se han constatado las posibilidades que el analisis log-
linear brinda a la metodologia observacional.

Palabras clave: analisis del rendimiento, metodologia
observacional, posicién del Udltimo pase, posicion en el
lanzamiento, resultado del lanzamiento.
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Introduction

Studies of efficiency and factors that influence efficiency are
common in elite basketball (Goémez et al., 2013; Izquierdo et
al., 2021; Sampaio et al., 2010; Simovic et al., 2012, 2021). The
most common performance indicator in this setting is shot
success (Erculj & Strumbelj, 2015; Ibafiez et al., 2009), which is
analyzed in a wide range of contexts, including comparisons
between winning and losing teams (Fernandez & Pifiar, 2017;
Gomez et al., 2008), home and away teams (Ribeiro et al.,
2016), and league and playoff matches (Garcia et al., 2013).

To better understand what occurs during a game of
basketball, it is important not only to determine how and
where shots are taken, but also to study the actions leading
up to these shots (Oudejans et al., 2012; Romaris et al., 2012)

Analyses of shots and favorable shooting conditions are
also important for training purposes (Lapresa et al., 2013;
Ortega et al., 2006; Pifar et al., 2014), as data from real-life
situations can help coaches establish technical and tactical
goals to ease the transition from amateur/youth basketball to
professional /senior basketball (Alsasua et al., 2018). Under-
16 (U16) basketball is a highly relevant category in this sense
(Lorenzoetal, 2010; Monteiro et al., 2013; Ortega et al., 2007),
as itis the bridge between categories where the focus is still
very much on player development and categories where the
focus is on preparing players for the transition to senior or
professional basketball (e.g., U18/senior amateur teams)
(Ortega & Gomez, 2009; Parejo et al., 2013).

In match analysis that use observational methodology,
the analysis techniques to be used are determined by
the objectives pursued and the observational design that
supports the study (Anguera et al., 2011). Although the
true potential of the observational methodology is obtained
from diachronic analysis with data that incorporate order
and/or duration (Anguera & Hernandez-Mendo, 2015),
the usual synchronous statistical analysis, which look for
association relationships between dimensions that provide
data categorical, are also relevant to meet the objectives
set (O'Donoghue, 2009). The chi-square type statistics have
the limitation of contrasting two variables (two-dimensional
contingency tables). This limitation, when relating more
variables is needed, is usually overcome by repeating the
analysis in pairs in the different contingency sub-tables that
are generated. However, the loglinear analysis technique does
allow the analysis of more than two dimensions, it is much
more robust, and it is appropriate from multidimensional
contingency tables (Agresti, 2002; Eom & Schutz, 1992).

The aim of this study was to study efficiency in boy's
U16 basketball according to shot position (area of the court
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where the shot is taken) and last pass position (the position
of the player who made the pass leading up to the shot).
A second, methodological, aim, was to show how log-linear
analysis performed within the framework of an observational
methodology (Anguera, 1979) study is a useful tool for this
purpose. In a previous study in elite basketball, Alsasua et
al. (2019) successfully used log-linear analysis to analyze
relationships between the three variables at the core of this
study: a) shot position, b) last pass position, and c) shot result.

Method

We applied a nomothetic, intersessional/intrasessional
follow-up, multidimensional observational design (N/F/M)
(Anguera et al., 2011). The design was nomothetic as we
observed eight teams; it is intersessional and intrasessional
follow-up as we analyzed seven matches corresponding
to the quarter-finals, semi-finals, and final of the Spanish
U16 Basketball Club Championship as well as all relevant
behaviors that occurred during each match; and it is
multidimensional as different dimensions (criteria), all of
which are included in the observation instrument, were
studied. The behaviors were both proxemic (i.e., they occurred
in different areas of the court) and gestural (i.e., they involved
different technical-tactical actions).

Participants

The participants were U16 boys who played the quarter-
finals, semi-finals, and final of the Spanish U16 Basketball Club
Championship (2012), which brings together the country’s
elite in this category. For each of the matches analyzed, we
studied all offensive sequences that ended in a shot by the
winning team.

Observation instrument

The observation instrument (Table 1) is an adaptation of the
SOBL-2 instrument designed by Fernandez et al. (2009) to
analyze efficiency in basketball. It combines a field format
and a category systems. To satisfy the objective of the work,
and facilitate the didactic development of the application
of the loglinear analysis technique, it has been considered
suitable to develop a three-dimensional model. Thatis why we
made two modifications to the original SOBL-2: we grouped
all proxemic categories (codes) into a single dimension (area
of the court) and classified each completion of sequence
category as favorable (basket [MK], foul received [FR], and
basket and foul [A1]) or unfavorable (missed basket [Ms],
offensive foul/violation [Vi], and block [BI]).
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Table 1. Observation Instrument

Dimension Category (codes)
Area Middle of left corridor (ML); Outer left corridor
(OL); Middle of right corridor (MR); Outer right
corridor (OR); Middle of central corridor (MC);
Outer central corridor (OC); paint (P)
OL | oC | OR
Action Ball recovery (BR); Defensive rebound (DR); Offensive rebound (OR); Penultimate pass

(P1); Penultimate reception (R1); Last pass (P2); Last reception (R2); New possession

(NP); Shot (Sh)

Completion of Favorable: Basket (Mk); Foul received (FR); Basket and foul (A1). Unfavorable: Missed

sequence

basket (Ms); Offensive foul/violation (Vi); Block (Bl)

Initiation  of Ball in play (BP); Offensive sideline throw-in (OST); Offensive baseline throw-in (OBT);

sequence
(DST); Free throw (FT)

Opening tip-off (OT); Defensive baseline throw-in (DBT); Defensive sideline throw-in

Procedure

The observation instrument was loaded into Match Vision
Studio v.3 for data annotation and coding (Castellano et al.,
2008). The observation sample was generated by annotating
all sequences of play ending in a shot by the winning team.
Each sequence comprised the shot and a maximum of five
actions leading up to this shot. A maximum of six rows thus
was created for each sequence in the dataset. Based on the
criteria of Bakeman (1978), the data can be considered type
IV, concurrent, and time-based.

Data quality control
Interobserver agreement

There have been two observers -with the academic degree
of a doctor, proven experience in observational methodology
and title of National Basketball coach- in charge of making the
records in this study. The observer training process has been
carried out from Anguera (2003): 1) Theoretical training in
the observation instrument; 2) Theoretical-practical training:
in relation to the recording procedure, once the observation
instrument has been entered in the Match Vision Studio
v.3 recording and coding instrument; 3) Practical training:
supervised record of five plays (belonging to a match of the
same competition but out of sampling); later autonomous
recording of the observers of another five plays; and once a
high degree of concordance was obtained (Cohen's kappa>
0.80) between the autonomous records of both observers, the
training process was considered completed.

The first observer coded 100% of the sequences in the
observation sample while the second observer coded 10%
(Alsasua et al., 2019; Sastre et al., 2021). The agreement
between the resulting datasets was measured using Cohen'’s
kappa statistic (Cohen, 1968) in GSEQ (v. 5.1). The kappa
statistics for the different match datasets were 0.89 for
FC Barcelona-Torrelodones (the first team is the winning
team, i.e., the team observed), 0.90 for Cajasol-Easo, 0.81 for
Peixe-Joventut, 0.83 for Unicaja-Endesa, 0.86 for Cajasol-FC
Barcelona, 0.89 for Peixe-Unicaja, and 0.82 for Cajasol-Peixe.

Generalizability of results

To further confirm the reliability of the data, we performed
a generalizability theory analysis (Cronbach et al., 1972) in
SAGT (v. 1.0) (Ramos et al., 2012), which involved estimating
the generalizability coefficients obtained in the general linear
model for the design categories/matches, where matches was
the instrumentation facet.

Overall, 92.9% of the variability was explained by the
categories facet, 1.4% by the matches facet, and 5.7%
by the interaction between the two facets. The relative
generalizability coefficient obtained (e2= 0.991) attests to
the homogeneity of the datasets and the high level of
generalizability of our results.

Data analysis

For the log-linear analysis, we analyzed the relationship
between three dimensions: position of shot, position of pass
leading up to the shot, and shot result. The purpose of log-
linear analysis is to select the most parsimonious model
capable of explaining the distribution of frequencies in the
contingency table with the fewest effects possible (Agresti,
2002; Lopez-Roldan & Fachelli, 2015).

The process involved three steps. In the first step, the
most parsimonious model was selected using the backward
elimination method in SPSS (v. 19.0). This procedure produces
the simplest possible model by removing, one by one,
nonsignificant effects while maintaining the hierarchy of the
model (Pérez, 2013). In other words, if a model includes
higher-order parameters, then all the lower-order parameters
must be included (Lopez-Roldan & Fachelli, 2015). The
saturated model, i.e,, the model containing all possible
effects, is entered into SPSS, which progressively removes
all nonsignificant higher-order interactions until the simplest
model (i.e., the model in which the elimination of another
effect would alter the goodness of fit) is achieved (Pérez,
2013). The second step was to estimate the parameters
that comprised the most parsimonious model. SPSS (v. 19.0)
contains a general log-linear feature that estimates the
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magnitude of each effect in the selected model (Valldecabres
et al., 2022). So that it can do this, it is necessary to select
a dummy variable (reference category) for each dimension.
In our case, we chose outer central corridor for last pass
position, shot from paint position, and favorable outcome
for shot result. The resulting parameters are expressed as
neperian logs, and as such, the exponential function (or anti-
logarithm) of the estimated parameters are the equivalent of
odds and odds ratios for the different categories in the
dimensions. These logs indicate the influence (magnitude) of
the different effects. In the third and final step, the effects of
significant parameters were interpreted in the context of our
study.

Results

The simplest model generated in step 1 of the log-linear
analysis was a conditional independence model (Lépez-
Roldan & Fachelli, 2015) in which two of the dimensions
(last pass position and shot position) were associated
independently of the third dimension (shot result). The
interaction between shot position and result were not
influenced by last pass position. Table 2 shows the estimations
for the significant model parameters from step 2 of the log-
linear analysis.

Table 2. Estimation of significant parameters in selected model

Parameter (variable/category) Estimate (4) Sig.  Exponential 1/
(>.005) (7)) exp (4)
Last pass from the outer right corridor 0.981 0.001 2.667 0.375
Last pass from paint 1.006 0.001 2.375 0.365
Shot from middle of left corridor 1.030 0.001 2.801 0.357
Shot from outer right corridor -1.104 0.018 0.332 3.016
Shot from outer left corridor -1.330 0.017 0.264 3.781
Shot from middle central corridor -1.492 0.005 0.225 4.446
1 * i 0.012 81.045
Last_ pass from paint * shot from outer right 4395 0.002
corridor
Last pass from paint * shot from outer left 0.073 13.667
. -2.615 0.021
corridor
Shot from outer right corridor * unfavorable shot 2.759 0.362
1.015 0.001
result
Shot from outer central corridor * unfavorable 2.694 0.371
0.991 0.002
shot result
Shot from middle of left corridor * unfavorable 10.570 0.0095
2.358 0.027

shot result

Results are interpreted using the exponential (M) value
shown in the third column of Table 2. Values >1 indicate that
a given category is significantly more likely to occur than the
reference category. For example, the exp (A) value in the first
row of Table 2, 2.667, indicates that a pass leading up to a
shot is 2.667 times more likely to be made from the outer
right corridor than from the outer central corridor. Values <1
indicate that extent to which a given category is less likely to
occur compared with the reference category. As indicated by
the value in the fifth row of Table 2, a shot from the outer
right corridor is 0.332 times less likely to occur than one from
the paint. To simplify matters in the discussion of results, we
have inverted exp (A) values <1 to 1/ exp () (column 4 of Table
2). This inverse value indicates how more likely it is that the
reference category will occur compared with a given category.
Taking the previous example from the fifth row of Table 2, the
exp (A) indicates that a shot from the paintis 3.016 times more
likely than one from the outer right corridor.

Discussion

The substantive objective of this work is to study the
effectiveness in basketball sub 16 depending on the area
of the court from where the last pass and the shot are
made. The methodological aim of this study was to illustrate

the possibilities offered by log-linear analysis within the
framework of observational methodology (Anguera, 1979).
Log-linear analysis permits the simultaneous exploration of
higher-order interactions between dimensions formed by
categorical variables (Agresti, 2002). It is therefore suitable
for analyzing multidimensional contingency tables (Eom &
Schutz, 1992), i.e., tables with >2 dimensions. In this study, we
used log-linear analysis to analyze efficiency in U16 basketball
from the perspective of three dimensions (last pass position,
shot position, and shot result) and their respective categories.
As a limitation of the loglinear analysis technique, it is stated
that, as the number of incorporated dimensions increases,
the interpretation of the results becomes more complex.

The results obtained from the log-linear analysis carried
out show that the most parsimonious hierarchical model
-capable of explaining the distribution of cell counts
in this three-way model featuring the fewest effects
possible (Lozares & Lopez-Roldan, 1998)- selected through
the backward procedure which is that of conditional
independence: the association between the area of the court
from which the last pass is made and the area from which
the shot is made is independent from the consequence of the
shot; and the association between the area from which the
shot is made and the consequence of the shot is independent
of the area from which the last pass is made.
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The first-order effects show that passes immediately
preceding a shot are more likely to come from the outer
right corridor (-exp (A\)= 2.667), the paint (exp (A)= 2.375), or
the middle of the left corridor (exp (A\)= 2.801) than from the
outer central corridor. In a recent study of top teams from
the Spanish men'’s professional league (ACB), Alsasua et al.
(2019) also found that shots were more likely to be preceded
by a pass from the paint than from the outer central corridor.
These results are consistent with findings showing that the
outer central corridor is where passes are least likely to be
made to a shooter (Fernandez et al. 2009) and where other
offensive strategies are more recommendable (Lamas et al.,
2010). Some authors, however, recommend using this part of
the court for distributing the ball and even for passing the ball
to a player open for a shot (Ortega & Gémez 2009; Refoyo et
al., 2009; Romaris et al., 2012). The lower use of the central
pick and roll in sub 16 basketball may be behind the lower
probability of the last pass being made from the outer central
corridor.
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Our results for first-order effects (Figure 1) also show that
shots are more likely to taken from inside the paint than
from the outer right corridor (1/exp (A)= 3.016), the outer
left corridor (1/exp (A)= 3.781), or the middle of the central
corridor (1/exp (A)= 3.378). Alsasua et al. (2019) also found
that ACB players were more likely to shoot from the paint
than from either the left outer corridor or the middle of the
central corridor. Most studies have found that the paint is
where most shots are taken (Fernandez et al., 2009; Ibarez
et al., 2009; Mexas et al., 2005). Exceptions include shots
immediately following a direct screen (Mufioz et al., 2015).
Nonetheless, Alsasua et al. (2019) found that shots taken from
the paint by ACB players were more likely to be preceded by a
pass from the outer central corridor than from the outer right
corridor. The greater use of fast and counter play in formation
categories (Monteiro et al., 2013) contributes to the greater
probability that shots will be made near the basket.

Shot

£

Figure 1. Graph showing first-order effects. Passes leading up to a shot are more likely to be made from the
outer right corridor than from the middle of the left corridor and from the paint than from the outer central
corridor (left). Shots, in turn, are more likely to be taken from the paint than from the outer left corridor, the
outer right corridor, or the middle of the central corridor (right)

The second-order effects corresponding to the interaction
between last pass position and shot position (Figure 2) also
show that a pass from the paint is more likely to result in
a shot from the same area than from either the outer right
(1/exp (A= 81.045) or outer left (1/exp (A\)= 13.667) corridor.
Similarly, Alsasua et al. (2019) found that shots within the
paint were more likely to be preceded by a pass from the
paint than from the outer right corridor in ACB matches.
This association between passes and shots within the paint is
interesting as it defies the minimum passer-receiver distance
recommended by Ortega and Gémez (2009) and Fewell et

al. (2012). In a T-pattern analysis of actions following direct
screens in two ACB tournaments, Serna et al. (2017) detected
a significant association between passes between players in
the paint. Alsasua et al (2019) also found that passes from
ACB players located in the outer left or right corridor or in
the middle of the right corridor were more likely to end in a
shot from the paint. The higher probability of this pass in U16
basketball may be related to drive and kick situations against
less structured assist defenses that allow this type of inside
pass after penetration.
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Passes from the paint

Figure 2. Second-order effects of the association between last pass position and shot position showing the
likelihood of a shot according to where the pass was made from

Second-order effects corresponding to the interaction
between shot position and shot result show that shots are
more likely to have an unfavorable outcome when taken from
the outer right corridor (exp (A\)= 2.759), the outer central
corridor (exp (A) = 2.694), or the middle of the central corridor
(exp (A\)= 10.570). This finding partially coincides with reports
by Alsasua et al. (2019) that shots taken by ACB players were
more likely to be unsuccessful when taken from the outer
right or outer central corridors. They are also consistent with
reports that shots taken from the outer right corridor are
most likely to have an unfavorable outcome (Fernandez et al.,

2009; Lapresa et al., 2014). Fernandez and Pifar (2017), on
comparing winning and losing U14 teams found that shots
taken from the middle of the central corridor were missed
more than shots taken elsewhere. Finally, it is worth noting
that in their study of top-performing ACB teams, Alsasua
et al. (2019) did not find that shots were more likely to
have an unfavorable outcome in this part of the court. The
less elaboration of the game in basketball sub 16 before
increasingly organized defenses (Erculj & Strumbelj, 2015)
may be behind the less effective shooting from the zones
reflected in figure 3.

Unfavorable

Figure 3.Second-order effects of the association between shot position and shot result showing (in black)
where shots are more likely to have an unfavorable outcome

Conclusion

Relevant studies that contribute to a longitudinal
programming of the content in the root sport -basketball in
our case- are relevant, as milestones in a roadmap -extracted
from reference teams of the corresponding age categories-
that those involved in training basketball they should take
into account (Lapresa et al., 2018). Log-linear analysis is a
useful technique for analyzing successful and unsuccessful
actions in basketball and in this particular case for detecting
associations between last pass position, shot position, and
shot result. In sub 16 basketball, the lower probability that
the pre-throw pass is made from the outer right corridor
than from the middle of the left corridor and from the paint
than from the outer central corridor has been found. The
pitches made in this category sub 16 are more likely to be
taken from the paint than from the outer left corridor, the

outer right corridor, or the middle of the central corridor. It
has also been obtained that a pass from the paint is more
likely to result in a shot from the same area than from either
outer corridor. Finally, the middle of the left corridor, the
outer central corridor and the outer right corridor have been
characterized as the least effective positions for a successful
shot in the sub 16 category.
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