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Abstract

The cluster analysis of elite rugby league players identified groups of distinct playing positions that can be referred to as broad
positional groups. However, the identified positional groups were based on traditional indicators (physical and technical—
tactical) that provided no information about the exact match-based movement activities that led to such similarity grouping
and the classification of elite rugby league players into these broad positional groups remains unexplored. Hence, this study
finds the best model to classify elite rugby league players into positional groups, using data characterised by movement patterns
to uncover the similar movement activities of distinct playing positions within a positional group. Key movement patterns
for the positional group classification and differences between the groups were also investigated. A total of 18,173 unique
movement patterns were derived from 422 players’ GPS data across the 2019 and 2020 seasons, where only 36 were identified
as key patterns. The highest classification accuracy of 77.58% using all unique patterns and 74.5% accuracy using the key
patterns was achieved, outperforming studies that used traditional indicators. Further analyses based on key patterns revealed
differences between forwards and backs. These findings establish movement patterns as viable indicators to classify rugby
league players into positional groups, enabling coaches and trainers to develop position-specific training programmes that
cater to the unique physical demands of each position, leading to better player development and team performance. Movement
patterns are therefore recommended as an alternative approach to quantifying players’ external loads and obtaining granular
information.

Keywords Player movement profiling - Movement patterns - Rugby league positional groups - Classification

1 Introduction
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football, traditional (i.e. physical and technical—tactical) per-
formance indicators that are used to characterise both men’s
and women’s match games [1, 2] are widely used as variables
for various performance analysis problems. In [3], clus-
ter analysis was primarily carried out on data characterised
by traditional indicators (e.g. high-speed running distance
and total tackles) to determine the similarity between play-
ing positions (i.e. fullbacks, centres, half-backs, wingers,
hookers, prop-forwards, second-rows and loose-forward) of
professional rugby league. For each data characterised by
technical, physical and combined indicators [3], various clus-
ter sizes (i.e. 3, 4 and 3) were later identified, respectively,
where players of different playing positions were grouped
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into the clusters, based on top-ranked important indicators.
This phenomenon is in tandem with the ground truth [4] that
broad positional groups, i.e. forwards and backs (comprising
distinct playing positions), exist in professional rugby and
that players of some distinct playing positions perform sim-
ilar activities. Although broad positional groups are known
to exist in professional rugby league, the classification of
players into these groups remains unexplored, while other
classification problems [5—7] such as injury (status or type)
prediction and competition levels classification are thor-
oughly researched.

Data characterised by traditional indicators can classify
players into positional groups. However, insight into sim-
ilar movement activities performed by players of different
playing positions within and between positional groups will
be inaccessible [8]. This limitation arises because physi-
cal performance indicators, primarily derived from wearable
Global Positioning Systems (GPS) devices [9], offer little to
no context or explanation on how players accumulate mea-
sured physical activities. Physical performance indicators
(e.g. total distance covered, maximum momentum and high-
speed running distance) [10] are often aggregated or reported
in volume and without regard to the order of match activi-
ties or events occurrences. Player movement profiling [8, 10]
now offers alternative indicators (i.e. movement patterns—
also extracted from GPS data) that capture sequential match
activities completed by players, which provide the context
and explanation lacking in traditional indicators.

In this study, we propose the use of data characterised by
movement patterns for elite rugby league players’ positional
group classification as well as for uncovering the move-
ment activities of players within the same positional group.
This will assist in identifying sets of match-based sequential
movement activities performed by players of both groups
(which is useful for talent identification, training design and
load management [8, 10]), measure the extent to which exact
match-based movement activities can separate players into
rugby league positional groups, establish the on-field move-
ment activities of players required to profile the performance
of players in each group and help develop predictive models
to classify new players into each group among others bene-
fits.

Therefore, using data characterised by movement patterns,
this study aims to find the best machine learning model to
classify elite rugby league players into forwards and backs,
identify the key movement patterns necessary for such classi-
fication, uncover the similar movement activities of different
playing positions within a positional group and quantify the
difference in players’ performance of key movement activi-
ties between positional groups.

This paper is organised with Sect. 2 providing background
and related works; Sect. 3 gives details about GPS data con-
version to sets of discrete movement sequences, movement
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pattern extraction, classification data generation and data
analyses. Section4 presents the result of GPS data conver-
sion and data analysis. Finally, in Sect. 5, the results are
discussed from the implementation of the proposed frame-
work and Sect. 6 concludes the study with relevant future
works.

2 Related works

Traditional performance indicators are widely used to clas-
sify players into different sporting aspects but related studies
for rugby positional group classification are scarce. In [2],
82 elite rugby league players of both forward and back posi-
tional groups were classified into competition levels (i.e.
under-19 Academy and European Super League (ESL)) using
157 physical and technical—tactical performance indicators.
Forwards were classified into competition levels at 68 % accu-
racy, while backs were classified at 83% accuracy [2] by the
random forest classification models. These physical, techni-
cal and tactical performance indicators are limited [8, 11]
such that they are aggregated series of completed activities
reported in arbitrary volume(s), e.g. total distance covered,
average match-speed, line break and defensive play-the-ball
loss or win.

In a more related study [12], 211 elite junior Australian
footballers were classified into positional groups (i.e. for-
ward, defence, ruck or midfield) using 12 technical skill
performance indicators. Most players were classified as mid-
fielders by the linear discriminant analysis (LDA) model with
an accuracy of 56.8% among others. The use of physical
and technical—tactical indicators for competition classifica-
tion [2] and only technical skill indicators for positional
group classification[12] produced a suboptimal classification
model, especially for positional group classification.

Besides the classification of sporting aspects, the identi-
fication of key independent variables in sports science [2,
13] is often carried out as a solution to overcome the high
dimensional and multi-collinearity of independent variables.
Few key variables (performance indicators in most cases) are
often identified as needed for practical utility. For instance,
study [14] used a repeated-measures analysis of variance to
identify key variables in its assessment of the difference in
external loads of two competitive levels (i.e. the National
Rugby League and National Youth Competition) of rugby
league players. However, this method of multiple univariate
analyses of independent variables is computationally expen-
sive as multiple analyses are executed.

In [2], the machine learning algorithm variable importance
method was used to identify and select the independent vari-
ables that are important to the predictive model for the initial
classification of players into competition levels. The limita-
tion of this method includes the identification of independent
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variables that are suboptimal [15] and biased (specific)
towards the underlying machine learning algorithm. The
application of feature selection techniques [3], especially the
correlation-based filter feature subset-selection method [13],
has proven to be an alternative method for identifying key
independent variables in sports analytics.

In [13], the correlation-based filter feature subset-selection
method was used to optimise [2] classification analysis and
also to identify key physical and technical-tactical indicators
for classifying rugby league players into competition levels.
The identified key physical and technical—tactical indicators
are more useful practically than all indicators, and they also
produced an increased accuracy for competition levels clas-
sification (i.e. 84.55% from 82% for forwards and 77.42%
from 67.5% for backs). Additionally, based on the identified
key physical and technical—tactical indicators, the difference
between competition levels was assessed [13] using Cohen’s
effect size.

Due to traditional indicators’ limitations [8], movement
patterns emerged as alternative indicators providing the
exact match-based sequential locomotive activities of play-
ers. Recently, a sequential movement pattern-mining (SMP)
framework was developed for player movement profiling
[11] and validated on rugby league GPS data. The framework
was reported to be the better, more stable and more robust
method to discretise GPS data into movement units, form
(discrete) movement sequences and identify the longest com-
mon movement patterns of elite rugby league players within
twenty-five clusters, respectively. The SMP framework was
used by another study [16] to explore the differences in the
movement patterns of elite rugby league players among three
competition levels (i.e. Super League regular, Super League
(semi-) finals and international rugby league matches). How-
ever, the study found no difference in the movement patterns
of players among the competition levels as extracted by
the SMP framework. But a further analysis, using a three-
stepwise linear discriminant analysis process for dimension
reduction and classification, revealed an 81% accuracy for
classifying elite rugby league players into competition lev-
els.

In [17], three distinct pattern mining algorithms (i.e. the
Longest Common Sequence algorithm of the SMP frame-
work [11], /-length closed contiguous sequential pattern
mining algorithm (LCCspm) [10] and AprioriClose [18])
were used to extract different types of obtainable movement
patterns to profile and classify rugby league players into two
distinct playing positions (i.e. hookers and wingers) as a
means to identify and thus validate the best pattern mining
algorithm (and type of movement pattern) for player move-
ment profiling. The results of [ 17] revealed closed contiguous
movement patterns extracted by LCCspm as the best type of
movement pattern for profiling and classifying elite rugby

league players into selected tactical roles at 91.02% accu-
racy based on a multi-layered perceptron model.

Overall, existing studies provided various machine learn-
ing algorithms useful for classifying sporting aspects and
accuracy as a go-to performance evaluation metric. It also
revealed the extent movement patterns are being applied
within sports analytics, particularly in rugby league, which
is for competition level and two distinct playing position
classifications. However, the use of movement patterns for
classifying elite rugby players into forward and back posi-
tional groups has not been previously explored despite its
potential usefulness in practice. Also, the identification of
the key movement patterns required for classifying players
into positional groups is expedient. To identify key indepen-
dent variables, the use of a feature selection algorithm is
most suitable and the use of classification model(s) feature
importance should be avoided. Also, Cohen’s effect size can
be utilised to assess the difference(s) between groups char-
acterised by the same variables. Based on all findings, an
experimental framework that addresses the identified revela-
tions is proposed in Sect. 3.

3 Method

To understand the pattern mining process, basic definitions
of terms are presented. A movement unit, denoted by an
alphabet, encodes a combination of velocity, acceleration and
turning angle labels. A movement sequence is the concate-
nation of match-based movement units extracted from GPS.
Sets of discrete movement sequences are subsequences of a
movement sequence without players’ periods of inactivity.
Movement patterns are frequent and consecutive movement
units extracted from sets of movement sequences. Movement
activities are decoded movement patterns.

3.1 Overview

The experimental framework depicted in Fig. 1 illustrates
an overview of data collection, processing and analysis.
To achieve the aim of this study, this study utilised the
SMP framework [11] to generate sets of discrete move-
ment sequences, used LCCspm algorithm [10] to extract
movement patterns and conducted two phases of data anal-
yses. The first phase of data analysis involved the creation
of classification input data using all unique movement pat-
terns as independent variables and finding the most accurate
model for positional group classification. The second phase
involved identifying key movement patterns for classifi-
cation, re-training models for positional group classifica-
tion, comparative analysis of classification models using all
unique or key movement patterns, and assessment of differ-
ences between players of both positional groups.

@ Springer
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Fig.1 Experimental framework

3.2 GPS data conversion to sets of discrete
movement sequences

Tracking data of elite male rugby league players that par-
ticipated in The Rugby Football League (RFL) competitions
over two seasons (i.e. 2019 and 2020) per player per fix-
ture were used. Global Position System [GPS] micro-sensor
units (Optimeye S5, Catapult Sports, Melbourne, Australia)
were used to collect standardised and structured data at 10 Hz
across fixtures. The method published by [11] was followed
to process the GPS data of elite rugby league players (i.e.
239 forwards and 203 backs) from 11 teams (i.e. Hudder-
sfield Giants, Hull FC, Warrington Wolves, Leeds Rhinos,
Hull Kingston Rovers, Wakefield Trinity, Salford Red Devils,
Wigan Warriors, St. Helens, Castleford Tigers and Cata-
lans Dragons) that participated in 349 fixtures into discrete
movement sequences. Elite rugby league forwards consist
of players that participated in any fixture as a prop-forward,
hooker, second-row and lock-forward/loose-forward. Elite
rugby league backs consist of players that played in any fix-
ture as a fullback, centre, five-eighth, half-back and winger.

@ Springer

Results, Discussions and
Comparative Analysis

To generate sets of movement sequences, per player per
fixture, players’ movement units were first derived through
the discretisation of velocity, acceleration and turning angle
values into qualitative locomotive labels based on some
thresholds published by White et al. [11] SMP framework.
Velocity locomotive labels are: walk, jog, run and sprint.
Acceleration locomotive labels are: acceleration, neutral and
deceleration. Turning angles locomotive labels are: straight,
acute-change, large-change and backwards. Hence, move-
ment units are combinations of all (i.e. 4 x 4 x 3 = 48)
possible locomotive labels encoded by lower- and uppercase
alphabets (see Table 3 for examples). For each player per
fixture, GPS data are processed into a sequence of move-
ment units (e.g. uuvvuuSSHGHopdK) and later split into
subsequences (i.e. a set of discrete movement sequences)
after removing movement units representing the time of
locomotive inactivity on the field (i.e. velocity is less than
1.2 m/s). Each set of discrete movement sequences was gen-
erated at player-per-fixture granularity. A total of 10,811 sets
of discrete movement sequences were generated for both
elite rugby league forwards (n = 5616) and league backs
(n = 5195).
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Table 1 Performance metrics

Description

. Metric Equation
extracted from the confusion d
matrix . TP
Precision TPLFP
TP
Recall TPFN
PrecisionxRecall
Fl1-Score 2 x Precision+Recall
TP+TN
Accuracy TP+FPTNTFN

The proportion of correctly identified forwards/backs
based on actual and incorrectly predicted for-
wards/backs

The proportion of correctly identified forwards/backs
based on all forwards/backs

The weighted harmonic mean of both precision and
recall

x 100 The percentage of forward and back players that are

correctly predicted as forward and back players

True positive (TP), false positive (FP), true negative (TN) and false negative (FN)

3.3 Movement pattern extraction and classification
input data

The [-length closed contiguous pattern mining algorithm
(i.e. LCCspm) [10] was applied to extract closed contiguous
movement patterns from each set of generated movement
sequences for both rugby league positional groups. The [
parameter of the LCCspm algorithm was set to 20 (i.e.
2 s timeframe) to ensure long closed contiguous movement
activities of players are extracted. The support parameter
of the LCCspm algorithm was set to 5% to ensure a large
number of frequent movement patterns can be identified as
a higher support value will identify few frequent movement
patterns.

To generate the dataset for classification modelling, the
unique movement patterns extracted across all sets of dis-
crete movement sequences were identified by finding the
union of all extracted movement patterns. This set of unique
movement patterns was used as independent variables for the
classification modelling input data. The values of each unique
movement pattern in the dataset are “x” or “0”, where “x”
is the relative frequency of the performed movement pattern
within a fixture and 0 if the movement pattern was not per-
formed. This classification input data are referred to as “full
dataset”.

3.4 Data analyses phases

The framework shown in Fig. 1 captures the two phases of
data analysis conducted. In phase I, machine learning clas-
sification algorithms were utilised to develop models for
classifying rugby league players into groups, to measure how
well movement patterns can classify players into groups and
find the best model. Six classification algorithms (i.e. deci-
sion tree, Naive Bayes, random forest, logistic regression,
multi-layered perceptron and k-nearest neighbours) were
chosen based on their distinct learning method as well as
for identifying the best model through comparison of perfor-
mance. The default parameters of each algorithm were used
except for the k parameter of the k-nearest neighbour algo-

rithm which was set to 5 and MLP whose hidden layer sizes
were set to 1000, 500, 250, 125, 50 and 25.

The classification modelling task is to predict whether an
elite rugby league player (per fixture) is a forward or back.
Using the data generated in Sect. 3.3, classification mod-
els were developed via tenfold cross-validation (Fig. 1). The
tenfold cross-validation technique [19] splits data into ten
partitions, and nine partitions are used for training mod-
els, while the remaining partition is utilised for testing. It
is repeated 10 times until each partition is used for testing
the models. The result of all cross-validated models is aggre-
gated during performance evaluation. Classification models
are evaluated [20] using the following evaluation metrics:
accuracy, precision, recall and F1-score (Table 1).

In phase II, key movement patterns necessary for the clas-
sification of players into positional groups were identified.
From Sect. 2, the “Correlation-based feature subset” (Cfs)
feature selection method was identified as a useful feature
selection method in sports analytics (See [13] for details of
the algorithm). It was selected and applied to the dataset
containing all unique movement patterns as independent vari-
ables to identify key (movement patterns) variables. Another
dataset was extracted based on the outputted movement pat-
terns subset, identified through this process and referred to as
the “reduced dataset”, which was used for re-classification
modelling.

Upon identifying the key movement patterns, further
analysis that assessed if there were significant differences
between players of both positional groups when performing
those patterns across matches was executed. The analysis was
carried out using the following Cohen’s effect size thresh-
olds: trivial (< 0.1), small (< 0.2), moderate (< 0.6), large
(< 1.2), very large (< 2.0), nearly perfect (< 4.0) and perfect
(4.0). Also, the percentage average of identified key move-
ment patterns performed by players per positional group was
assessed and presented.

The analysis for the application of LCCspm for extraction
of movement patterns, finding the unique set of patterns, clas-
sification modelling and statistical analysis were carried out
using the Python programming language on a private cloud

@ Springer
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Linux-based server. The source can be found on GitHub [21].
The libraries (i.e. Scikit Learn and LCCspm) were imported
and utilised. Feature selection was conducted using Waikato
Environment for Knowledge Analysis (WEKA) GUI soft-
ware version 3.8.5 [22] on a private cloud Linux-based server.

4 Results

The collected GPS data are converted into 10,811 sets of
movement sequences for both elite rugby league forwards
and backs players. An example of the result of such conver-
sion is presented in the appendix (Table 5). The movement
sequence derived from Table 5 is “jijvvuuuuuGGGHH-
Hzmnnnmmononbabfbrvuvwvm” after removing periods of
inactivity (i.e. “eeeee”).

LCCspm extracted a total of 10,149 movement patterns
performed by forward rugby players of which only 6476
were uniquely performed by players of the group. An exam-
ple of such movement patterns is “SKKKKLLyyyzTSPT-
MyzyC” (denoted as Sprint-Acceleration-Straight, [Sprint-
Deceleration-Straight]x4, [Sprint-Deceleration-Acute-
Change]x2, [Run-Deceleration-Straight]x3, Run-
Deceleration-Acute-Change,  Sprint-Acceleration-Acute-
Change, Sprint-Acceleration-Straight, Sprint-Neutral-Acute-
Change, Sprint-Acceleration-Acute-Change, Sprint-
Deceleration-Large-Change, =~ Run-Deceleration-Straight,
Run-Deceleration-Acute-Change, Run-Deceleration-
Straight, Run-Neutral-Straight) as uniquely performed by
elite rugby league forwards.

LCCspm extracted another total of 11,636 movement pat-
terns performed by elite rugby league backs of which only
7963 movement patterns were uniquely performed by play-
ers of this group. An example of such movement patterns is
“BoyzzDonnpppnmabbnqu” (denoted as Run-Deceleration-
Backwards, Jog-Deceleration-Large-Change, [Run-
Deceleration-Acute-Change]x2, Run-Neutral-Acute-Change,
Jog-Deceleration-Large-Change, [Jog-Deceleration-Acute-
Change]x2, [Jog-Deceleration-Backwards]x3, Jog-
Deceleration-Acute-Change, Jog-Deceleration-Straight,
Walk-Deceleration-Straight, [Walk-Deceleration-Acute-
Change]x2, Jog-Deceleration-Acute-Change, Jog-Neutral-
Straight, and Jog-Acceleration-Straight) as uniquely per-
formed by elite rugby league backs.

Furthermore, a total of 18,173 unique movement patterns
were identified across all extracted movement patterns across
both positional groups.

4.1 Phasel
The set of 18,173 unique movement patterns was used as

the independent variables of the data for classification mod-
elling in this phase. The performances of the six classification
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models developed on this dataset revealed the Naive Bayes
classification model as the least-performing model (Table 2),
with an accuracy of 52.33%, 0.58 precision score, 0.51 recall
score and Fl-score of 0.37. The logistic regression model
achieved the highest accuracy of 77.58% and F1-score, recall
and precision scores of 0.78, respectively. Meanwhile, the
multi-layered perceptron model of 77.23% accuracy and pre-
cision, F1-score and recall scores of 0.77, respectively, is not
significantly lower than the logistic regression classifier.

4.2 Phasell

The correlation-based feature subset filter method identified
36 key movement patterns out of the 18,173 unique move-
ment patterns used as independent variables for classifying
elite RFL players into forward or back (Table 3). This subset
of 36 key movement patterns (Table 3) had the highest score
(0.097) out of all 744,281 subsets.

There are significant differences between players of both
positional groups when performing the key movement pat-
terns as assessed by Cohen’s effect size. Considering only
correctly predicted players that performed each key move-
ment pattern (i.e. nonzeros observations), three of the 36 key
movement patterns had small effect sizes between forwards
and backs (Table 3). Twenty and eleven of the 36 key move-
ment patterns had moderate and large effect sizes (Table 3),
respectively. Two of the 36 key movement patterns had very
large effect sizes. Differences were also seen in how often the
key movement patterns were averagely performed per fixture
by correctly predicted players of the two positional groups
(Table 3).

Having re-trained classification models based on the
reduced dataset, the performances of the six classification
models applied were slightly lower than the performances
of the same classification models when applied to the full
dataset but with the exception of the Naive Bayes classifica-
tion model (Table 4). The Random Forest model achieved the
highest accuracy of 74.75% and F1-score, recall and preci-
sion scores of 0.75, respectively. Also, the multi-layered per-
ceptron model of 74.43% accuracy, 0.75 precision, F1-score
and recall scores of 0.75, respectively, is not significantly
lower than the random forest classification model.

The comparative analysis of the six different classification
models’ performances reveals there is no drastic difference
in the models’ performance (in terms of accuracy) on the data
with 18,173 unique movement patterns or the data with 36
key movement patterns.

Also, a cross-tabulation of the top-36 movement patterns
used by the logistic regression of 77.58% accuracy (Table 2)
with the key movement patterns used by the random for-
est of 74.75% accuracy (Table 4) revealed seven overlapped
patterns vis-a-vis: “GH”, “HH”, “HHG”, “uuvuuv”, “GHH”,
“mo”, “qv” decoded in Table 3.
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Table 2 Performance of all classification models for forwards and backs using all unique movement patterns

Models Accuracy (%) Precision Recall F1-score No of features Dataset
Decision tree 65.53 0.66 0.66 0.65 18,173 Full
Naive Bayes 52.33 0.58 0.51 0.54 18,173 Full
Random forest 76.31 0.76 0.76 0.76 18,173 Full
Logistic regression 77.58 0.78 0.77 0.78 18,173 Full
Multi-layered Perceptron 77.23 0.77 0.77 0.77 18,173 Full
5-Nearest neighbour 72.62 0.73 0.73 0.73 18,173 Full

Bold values highlight the best performing model results (using all and key unique movement patterns)

5 Discussion

Broad positional groups exist in rugby league football [4]
and an existing clustering analysis identified distinct play-
ing positions within the same cluster (i.e. positional groups)
[3] but did not reveal the movement activities that brought
about the similarity because traditional indicators are lim-
ited. This study solves this problem via the classification
of players into positional groups (i.e. forwards and backs)
using data characterised by movement patterns, identifies
the key movement patterns necessary for such classification
and quantifies the differences in the movement activities per-
formed by players of both positional groups. The LCCspm
algorithm was used to extract frequent and closed contiguous
movement patterns, and a total of 18,173 unique movement
patterns were derived for both elite rugby league forwards
and backs. The use of all unique movement patterns as
independent variables produced the more accurate classifi-
cation models among five of the six classification models
in comparison with using only the key movement patterns.
The highest classification accuracy of 77.58%, recall of 0.77
and F1-score and precision scores of 0.78, respectively, was
achieved through a Logistic regression model on the dataset
with 18,173 unique movement patterns (Table 2). Also, 36
of 18,173 unique movement patterns are identified as key
independent variables (Table 3) and produced its highest
classification accuracy of 74.75% with F1-scores, recall and
precision scores of 0.75, respectively, through the random
forest classification model (Table 4). Eleven and two of the
36 key movement patterns had large and very large Cohen’s
effect sizes between elite rugby league forwards and backs
(Table 3).

To reveal the players’ movement activities within the
same positional group but distinct playing positions, this
study utilised movement patterns instead of traditional per-
formance indicators. Rugby league backs comprised more
distinct playing positions (n = 5) than forwards (n = 4),
and their movement patterns are often characterised by more
backwards running (e.g. “LLyzBBmmnnnpnmmmmmvu”
and “zABoyzzDonnpppnmabbn”) than forwards. This cor-
roborates with study [23] that reported rugby league backs

have more space during match games and have to face oppo-
sition when retreating to the defensive line. Elite rugby
league backs performed more (unique) movement patterns
than forwards, which may be due to the greater number
of backs being fielded during matches (n = 7) than for-
wards (n = 6) as well as backs comprising more distinct
playing positions. Rugby league forwards movement pat-
terns are often characterised by more accelerated running
and sprinting (e.g. “GGGGGGGGGCCCCCCCCCC” and
“SSSTSSTS”). These movement patterns, when decoded
into movement activities, can help with training prescriptions
wherein elite rugby league players are conditioned based on
their exact movements during competitive matches.

Finding the best among distinct models to classify elite
rugby league players into forwards and backs reveals the
highest classification accuracy of 77.58% via logistic regres-
sion using all 18,173 unique movement patterns. Also, this
study’s classification analyses involved the use of the relative
frequency of performed movement patterns as independent
variable values. This study used alternative movement pat-
terns’ values, in the form of relative frequency, in comparison
with [17] that used values that only indicated if a player
performed a movement pattern within a fixture or not. This
demonstrates that the quantification of how frequently move-
ment patterns are performed by players can also be used for
classifying rugby league elite players into positional groups
at an excellent classification accuracy.

The total number of unique movement patterns used
as independent variables for classification modelling is
extremely high and not feasible for practical application. This
study resolved this high dimensionality data problem by iden-
tifying the key movement patterns from the 18,173 extracted
movement patterns. Thirty-six of 18,173 movement patterns
were identified by the Correlation-based feature subset filter
method as the key movement patterns (Table 3). This total
number of the identified key movements is about 0.2% of
the total number of extracted movement patterns. Upon re-
training and re-evaluating the models on data characterised
by only the key movement patterns, their performances were
not drastically lower than those of the full dataset despite the
drastic reduction in the number of independent variables. For
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Table 4 Performance of all classification models for forwards and backs using key movement patterns

No of features Dataset

Recall F1-Score

Precision

Accuracy (%)

Models

Reduced
Reduced

36
36
36
36
36
36

0.65
0.67
0.75
0.74
0.74
0.72

0.65
0.68
0.75
0.74
0.74
0.72

0.65

0.7

64.73

Decision tree

68.41

Naive Bayes

Reduced
Reduced
Reduced
Reduced

0.75
0.74
0.75
0.72

74.75

Random forest

74.02
74.43

Logistic regression

Multi-layered perceptron

71.62

5-Nearest neighbour

Bolditalic values represent the best performing model results using only the key unique movement pattern)

example, the decision tree classification model had an accu-
racy of 65.53% on the full dataset but had an accuracy of
64.73% accuracy on the reduced dataset. On the other hand,
the Naive Bayes model increased its accuracy from 52.33 to
68.41% which highlights the problem of multi-collinearity
in the full dataset. Hence, the 36 key movement patterns are
encouraged to be used in practice.

Significant differences in forwards and backs of elite
rugby league players were observed in the key movement
patterns based on Cohen’s effect size and percentage aver-
age of performed movement patterns. Two of the 36 key
movement patterns had very large effect sizes between for-
wards and backs. Twenty and eleven of the 36 key movement
patterns had moderate and large effect sizes, respectively
(Table 3). The effect sizes indicate that there are signifi-
cant differences in how frequently key movement patterns
are performed between correctly predicted elite rugby league
forwards and backs. Examples from Table 3 include the
movement pattern “HGH” (denoted as Run Acceleration
Acute-Change, Run Acceleration Straight, Run Acceleration
Acute-Change) had a large Cohen effect size and was aver-
agely performed by backs at a relative frequency of 11.1%
per fixture while it was averagely performed by forwards at
a relative frequency of 6% per fixture. The movement pat-
tern “uuvuvv” (denoted as Jog Acceleration Straight, Jog
Acceleration Straight, Jog Acceleration Acute-Change Jog
Acceleration Straight, Jog Acceleration Acute-Change, Jog
Acceleration Acute-Change) had a moderate Cohen effect
size and was averagely performed by forwards at 11.1% rel-
ative frequency per fixture while being performed by backs
at 7.7% relative frequency per fixture. The movement pat-
Walk Acceleration Straight, Walk Acceleration Straight,
Walk Acceleration Straight) had a very large Cohen’s effect
size and was averagely performed at 5.5% relative frequency
by forwards, while it was averagely performed by backs at
10% relative frequency. Another interesting key movement
pattern is “SS” (denoted as Sprint Acceleration Straight,
Sprint Acceleration Straight), performed by forwards per
fixture at 13.7% relative frequency and backs at 10.7% rel-
ative frequency with a moderate Cohen effect size. These
key movement patterns, especially those involved in accel-
erated running and sprinting, differ from the study [24] that
reported rugby league backs undertake more running than
forwards during fixtures.

The overall performance of the classification models for
classifying rugby league players into forwards and backs is
higher than similar performances of classification models
using traditional performance indicators in sports analytics.
For example, in [12], an accuracy of 70.1% for classify-
ing elite junior Australian football players into midfield,
defence, forwards or rucks positional groups using techni-
cal performance indicators was obtained and published. The
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classification results of this study based on movement pat-
terns (i.e. 77.58% using all unique movement patterns and
74.75% using key movement patterns) provide useful predic-
tive models for new rugby league players in practice. Also,
the identified key movement patterns can be used by rugby
league coaches to improve the training specificity of players
between the groups as well as help with talent identifica-
tion and recruitment. Additionally, in [3] clusters containing
players of distinct players positions were identified based
on traditional indicator that does not reveal the match-based
locomotive activities that led to such similarity groupings.
This study revealed the match-based movement activities that
led to such grouping and presented a model for classifying
rugby league players into positional groups.

6 Conclusions, limitations and future works

This study fulfilled its aim by extracting frequent closed con-
tiguous movement patterns from elite rugby league players’
sets of movement sequences generated from GPS data to
classify players into broad positional groups (i.e. forwards
and backs) and identify key movement patterns for practi-
cal use. The classification analyses measure the extent to
which exact player movement activities can classify elite
rugby league players into forwards and backs as well as help
identify the key movement patterns necessary for such classi-
fication. Logistic regression fitted on the dataset with 18,173
unique movement patterns as independent variables with a
relative frequency of performed patterns as values was the
most accurate classification model with 77.58% accuracy.

Thirty-six key movement patterns were identified which also
produced another high-performing classification model of
random forest of 74.75% accuracy. Differences in match-
based movement activities of elite rugby league forwards
and backs as well as the similarities in the movement pat-
terns of distinct playing positions within each group were
identified. Based on the findings of this study, it is now estab-
lished that movement patterns can be used to classify elite
rugby league players into forward and back rugby league
positional groups, thereby enabling coaches and trainers to
develop position-specific training programmes while help-
ing players’ scouts to identify and recruit talent. More so, the
random forest classification model with the key movement
patterns can be used in practice as a predictive model for
predicting the positional group (i.e. forward or back) a rugby
player belongs. Although the methods implemented in this
study can be replicated across various sports, the conclusions
are limited to elite male rugby league players who played in
RFL. In the future, the (parameter) optimisation of the classi-
fication model for positional groups will be considered. Also,
the classification of players into nine rugby league playing
positions, the identification of signature movement pattern(s)
specific to each playing position and the movement patterns’
contribution to each playing position will be considered.

Supplementary information An example of converting
GPS data into movement sequence is given in Appendix A.

Appendix A: GPS data processing

See Table 5.

@ Springer



International Journal of Data Science and Analytics

w W3 renguoneIajeRgsof w3reng LOLACIERETg| Sof 96561 SIrL— ToLE 8S°€S ¥$9°T—
z 3UBYO-9)NOYUOTIBIS[AI(UNY 3ueyo-aInoy UONRI[A9( uny §'6S61 9670 — 191 8PG° €S ST —
H 3URYO-9)NOYUOT)BIS[AIIUNY a3ueyo-9noy UONRBIS[AI0Y uny 6561 S00'1 GoG'¥ 876 €S ST —
H 3URYO-9)NOYUOTIBIS[AIOUNY a3ueyo-9noy UONRIS[AIIY uny €'6S61 0€1°C 08 8¥G° €S ST —
H 3URYO-9)NOYUOTIBIS[AIIUNY a3ueyo-aInoy UONRIS[AI0Y uny 76561 €S6'C €8]t 8YG° €S ST —
o) W3 1engUONLIO[a0d Y UMy w3reng UONEIO[PdY uny 16561 v8Y°€ 00L'¥ 8¥S°€S ¥$9T—
o) W3 1engUONEIofa0d Yy UMy w3reng UONEIO[PdY uny 6561 9IS°¢ 19¢' 8¥°€S 79T —
o) W31engUONEIOfa0d Y UMy w3reng UONEIO[edY uny 6'8561 vSe'E 196°¢ 8¥S°€S 79T —
n JYSTENSUONEISE00Y S0f wysreng UONEIDO00Y 3or 88561 9T €5¢e°€ 87S°€S ¥$9'T—
n JYSTENSUONEIE00Y S0f wysreng UONEID[O00Y 3or L'8S61 L9ST SPI'e 875°€S ¥$9°T—
n 1YSTENSUONEIE00Y S0f wysSreng UONEIAO00Y 3or 98561 €18°C 796'C 875°€S ¥$9°T—
n 1YSTENSUONEIE00YS0f ysreng UONEIDOO0Y 3or $'8S61 81€C ST 87S°€S ¥$9'T—
n 1YSTENSUONEIE00Y S0f ysreng UOTIBIA[O0Y sor 78561 €LET LIET 875°€S ¥$9'CT—
A J8ueyo-9INdyUONRIS[0IYTOr oSueyo-anoy UOTIBIS[QIOY Sor €'8661 101'C 8661 8¥S°€S s T —
A J8ueyo-9IndyUONRIS[R0IYTOr oSueyo-anoy UOTIBIS[AIOY Sor 78561 GE0'T 89L'1 8¥S°€S Y$9'C—
[ 9BUBYD-0INOY UONEIDOIIY Y [EM aBueyd-oInoy UONEID[OIIY Aem 1'8561 0€9'1 W'l 8¥°€S ¥$9T—

I 1YSIeNSUONEIR[EIY Y [EA wsreng UONEID[IIY Aem 8561 €Igl v8I°1 8¥°€S ¥$9T—
[ 9BUBYD-0INOY UONEID[OIV Y [EM aBueyd-0INdYy UONEID[IIY Aem 6'LS61 Pre €90'1 8¥6°€S ¥$9T—
° 1ySTengennaNem wsens [ennoN Arem Sl 0 0 0 0
° WBENSENNONN[EM wsens [ennoN RN vl 0 0 0 0
° WSENS[ENNONN[EM wsens [ennoN R €1 0 0 0 0
° WSENSENNONN[EM wsens [ennoN RN Tl 0 0 0 0
° WSENSENNONN[EM wseng [ennoN R 'l 0 0 0 0
° WSENS[eNNONN[EM wseng [ennoN RN I 0 0 0 0
NIN papoouyg (NIA) un JUSWIAOIN so[3ue Jurwng, ‘q 1000V " PA A SpPU0dds UONRIS[AIIY KI100[OA apnine| opmiI3uo]

9ouanbas JuUSWIAOW OJUT BIEp SJO) JO UOISIAAUO0D Jo o[durexy §ajqel

pringer

Qs



International Journal of Data Science and Analytics

w WYSIENSUONEIEIaS0f ysreng uoners[a3:g Sor L1961 9LT0— 880°C 8YSES 69T —
A 93uBYD-INOYUONRID[IOYTOr J3ueyd-Anoy UONBID[AIOY Sor 91961 79L°0 LTV T 87S°€S $69°7—
M 93ueyo-03IRTUONRIS[AI0Y SO Q3ueyo-o3ie] UONBII[AIIY 3or S 1961 L0 SET 8¥S° €S 697 —
A 93UBYI-9INOYUONRIA[IOYTOr J3ueyd-Anoy UONBID[IOY Sor 1961 G86°0 weT 87S°€S $697—
n WYSIENSUONEIEI0YSOf Wsreng UONEID[IY Sor €'1961 osI'1 6C'C 8¥S'€S YS9 C—
A 93UBYD-9INOYUONRII[IOYTO[ A3ueyd-noy UONBID[AIOY Sor 1961 $94°0 €L6'T 87S°€S $697—
1 a3ueyo-amoy[ennoNsof A5UBYD-0INOY [ennoN Sor 1'1961 8900 — 99L'1 8¥S'€S YS9 C—
q 93UBYD-AINOY UOTIRI[AIIA[BAL a3ueyo-amoy uoneIs[23e(g RILAN 1961 01— (414! 8¥S'€S YS9 C—
3} a3 uEyO-INOY [ENNONMN[EM A5UBYD-0INOY [ennoN Alem 6'0961 0000 0000 8¥S'€S YS9 C—
q 93ULY2-2IN0 Y UONLIS[Ia(T[EM a3ueyd-anoy uoneIs23eg Alem 8'0961 err— w1 8¥S'€S YS9 T —
B 1YSIENSUONEINEIAN[EM wysens uoneIs23eg Aem L0961 Ge8'1— 224! 8¥S'€C YS9 C—
q 93Ue(2-2IN0 Y UONILIS[Ia(T[EM a3ueyd-anoy uoneIs23e(g Alem 90961 0eLc— LLET 8¥S'€S YS9 C—
u JSueyo-anoyuoneIs[eoe sor Jgueyo-anoy uoneIa[e9d Sor S'0961 09¢T— 19L°1 87S°¢€S 697 —
o J8ueyo-oSIeUOTIRIS[RI(SO[ a8ueyo-o3re| UOTIRIS[AII( 3or 0961 YT — 8.6'1 8¥S°€S $69'7 —
u JSueyo-anoyuoneIs[ede sor oSueyo-anoy uoneIa[e9d Sor €'0961 TLET— 9¢S'T 87S°¢€S $69°7—
o J3ueyo-oSIeUOTIRIS[RIX(SO[ a8ueyo-o3Ie| UOTIRID[AIA( 3or 70961 GL9']— 78S'C 8¥6°€S $69'C —
w ySrenguonea[eodq3of ySens uoneIs[Ededg Sor 10961 LLS T — 6LLC 8¥S'ES Y$9C—
w YSTENSUONEIEOa(TS0f sreng UONEIA00a(] 3or 0961 €0L'T— 668°C 875°€S ¥$9°T—
u oSueyo-onoyuoneIs[ede or oSueyo-anoy uoneIa[e9d Sor 66561 L6L'T — 1$0°€ 876°¢S $69°7—
u Q3uBYO-9)NOUOT)BIS[QI2( 3O J3ueyo-oIndy UOTIRIS[AI( 3or 86561 CI1C— 921°¢ 846°€S $69'C —
u oSueyo-onoyuonersedegsor oSueyo-oanoy uoneIa[eo9g Sor L6561 $6G° T — S0S°E 87S°¢S $69°7—
NN papoouyg (NIN) 31UN JUSWAOIA so[Sue Surwng, 'q [099V " IPA "d NlihEIN UOIBI[OI0Y KI100[A opmne] opmiSuo]

penunuod go|gqel

pringer

As



International Journal of Data Science and Analytics

Acknowledgements The authors would like to acknowledge The
Rugby Football League (RFL) for the access to GPS data.

Declarations

Conflict of interest The authors declare that they have no known com-
peting financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Ethics approval The study got the ethics approval of the Institutions
Ethics Committee and written informed consent from the organisation
representing all participants.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indi-
cate if changes were made. The images or other third party material
in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copy-
right holder. To view a copy of this licence, visit http://creativecomm
ons.org/licenses/by/4.0/.

References

1. Saal, C., Helm, N., Prieske, O.: Anthropometry, physical fitness,
sport-specific performance and the prediction of performance level
in young canoe sprint athletes. In: International Conference on
Security, Privacy, and Anonymity in Computation, Communication
nd Storage, pp. 74-77 (2022)

2. Whitehead, S., Till, K., Jones, B., Beggs, C., Dalton-Barron, N.,
Weaving, D.: The use of technical—tactical and physical perfor-
mance indicators to classify between levels of match-play in elite
rugby league. Sci. Med. Footb. 5(2), 121-127 (2020). https://doi.
org/10.1080/24733938.2020.1814492

3. Dalton-Barron, N., Palczewska, A., Weaving, D., Rennie, G.,
Beggs, C., Roe, G., Jones, B.: Clustering of match running and
performance indicators to assess between-and within-playing posi-
tion similarity in professional rugby league. J. Sports Sci. 40(15),
1712-1721 (2022)

4. Austin, DJ., Kelly, S.J.: Positional differences in professional
rugby league match play through the use of global positioning
systems. J. Strength Cond. Res. 27(1), 14-19 (2013)

5. Kempton, T., Sirotic, A.C., Coutts, A.J.: A comparison of physical
and technical performance profiles between successful and less-
successful professional rugby league teams. Int. J. Sports Physiol.
Perform. 12(4), 520-526 (2017). https://doi.org/10.1002/central/
CN-01787161/full

6. Gabbett, T.J., Hulin, B.T.: Activity and recovery cycles and skill
involvements of successful and unsuccessful elite rugby league
teams: a longitudinal analysis of evolutionary changes in National
Rugby League match-play. J. Sports Sci. 36(2), 180-190 (2017).
https://doi.org/10.1080/02640414.2017.1288918

7. Carey, D.L., Ong, K., Whiteley, R., Crossley, K.M., Crow, J., Mor-
ris, M.E.: Predictive modelling of training loads and injury in
Australian football. Int. J. Comput. Sci. Sport 17(1), 49-66 (2018).
https://doi.org/10.2478/ijcss-2018-0002

8. Sweeting, A.J., Aughey, R.J., Cormack, S.J., Morgan, S.: Discover-
ing frequently recurring movement sequences in team-sport athlete
spatiotemporal data. J. Sports Sci. 35(24), 2439-2445 (2017).
https://doi.org/10.1080/02640414.2016.1273536

@ Springer

9. Whitehead, S., Till, K., Weaving, D., Jones, B.: The use of
microtechnology to quantify the peak match demands of the foot-
ball codes: a systematic review. Sports Med. 48(11), 2549-2575
(2018)

10. Adeyemo, V.E., Palczewska, A., Jones, B.: LCCspm: L-Length
Closed Contiguous Sequential Patterns Mining Algorithm to Find
Frequent Athlete Movement Patterns from GPS. In: Proceedings—
20th IEEE International Conference on Machine Learning and
Applications, ICMLA 2021, pp. 455-460. IEEE (2021). https://
doi.org/10.1109/ICMLAS52953.2021.00077

11. White, R., Palczewska, A., Weaving, D., Collins, N., Jones,
B.: Sequential movement pattern-mining (SMP) in field-based
team-sport: A framework for quantifying spatiotemporal data and
improve training specificity? J. Sports Sci. 1-10 (2021)

12. Woods, C.T., Veale, J., Fransen, J., Robertson, S., Collier, N.F.:
Classification of playing position in elite junior Australian football
using technical skill indicators. J. Sports Sci. 3(1), 97-103 (2018)

13. Adeyemo, V.E., Palczewska, A., Jones, B., Weaving, D., White-
head, S.: Optimising classification in sport: a replication study
using physical and technical-tactical performance indicators to
classify competitive levels in rugby league match-play. Sci.
Med. Footb. 1-8 (2022). https://doi.org/10.1080/24733938.2022.
2146177

14. Gabbett, T.J.: Influence of playing standard on the physical
demands of professional rugby league. J. Sports Sci. 31(10), 1125-
1138 (2013). https://doi.org/10.1080/02640414.2013.773401

15. Williamson, B.D., Gilbert, P.B., Carone, M., Simon, N.: Non-
parametric variable importance assessment using machine learning
techniques. Biometrics 77(1), 9-22 (2021)

16. Collins, N., White, R., Palczewska, A., Weaving, D., Dalton-
Barron, N., Jones, B.: Moving beyond velocity derivatives; using
global positioning system data to extract sequential movement pat-
terns at different levels of rugby league match-play. Eur. J. Sport
Sci. 1-9 (2022). https://doi.org/10.1080/17461391.2022.2027527

17. Adeyemo, V.E., Palczewska, A., Jones, B., Weaving, D.: Iden-
tification of pattern mining algorithm for rugby league players
positional groups separation based on movement patterns (2023).
arXiv:2302.14058

18. Pasquier, N., Bastide, Y., Taouil, R., Lakhal, L.: Discovering
frequent closed itemsets for association rules. In: International
Conference on Database Theory, pp. 398-416. Springer (1999)

19. Alsariera, Y.A., Elijah, A.V., Balogun, A.O.: Phishing website
detection: forest by penalizing attributes algorithm and its enhanced
variations. Arab. J. Sci. Eng. 45(12), 10459-10470 (2020). https://
doi.org/10.1007/s13369-020-04802-1

20. Adeyemo, V.E., Balogun, A.O., Mojeed, H.A., Akande, N.O.,
Adewole, K.S.: Ensemble-based logistic model trees for website
phishing detection. Commun. Comput. Inf. Sci. 1347(February),
627-641 (2021). https://doi.org/10.1007/978-981-33-6835-4-41

21. Adeyemo, V.E.: Using movement patterns to classify elite RFL for-
wards and backs into positions (2023). https://github.com/arhvel/
MovementPatterns4ForwardsBacksClassification. Accessed 23
August 2023

22. Witten, L.H., Frank, E.: Data mining: practical machine learning
tools and techniques with java implementations. ACM SIGMOD
Rec. 31(1), 7677 (2002)

23. Sirotic, A.C., Knowles, H., Catterick, C., Coutts, A.J.: Posi-
tional match demands of professional rugby league competition.
J. Strength Cond. Res. 25(11), 3076-3087 (2011)

24. Geeson-Brown, T., Jones, B., Till, K., Chantler, S., Deighton, K.:
Body composition differences by age and playing standard in male
rugby union and rugby league: a systematic review and meta-
analysis. J. Sports Sci. 38(19), 2161-2176 (2020)

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/24733938.2020.1814492
https://doi.org/10.1080/24733938.2020.1814492
https://doi.org/10.1002/central/CN-01787161/full
https://doi.org/10.1002/central/CN-01787161/full
https://doi.org/10.1080/02640414.2017.1288918
https://doi.org/10.2478/ijcss-2018-0002
https://doi.org/10.1080/02640414.2016.1273536
https://doi.org/10.1109/ICMLA52953.2021.00077
https://doi.org/10.1109/ICMLA52953.2021.00077
https://doi.org/10.1080/24733938.2022.2146177
https://doi.org/10.1080/24733938.2022.2146177
https://doi.org/10.1080/02640414.2013.773401
https://doi.org/10.1080/17461391.2022.2027527
http://arxiv.org/abs/2302.14058
https://doi.org/10.1007/s13369-020-04802-1
https://doi.org/10.1007/s13369-020-04802-1
https://doi.org/10.1007/978-981-33-6835-4-41
https://github.com/arhvel/MovementPatterns4ForwardsBacksClassification
https://github.com/arhvel/MovementPatterns4ForwardsBacksClassification

	The use of match-based exact movement activities to classify elite rugby league players into positional groups
	Abstract
	1 Introduction
	2 Related works
	3 Method
	3.1 Overview
	3.2 GPS data conversion to sets of discrete movement sequences
	3.3 Movement pattern extraction and classification input data
	3.4 Data analyses phases

	4 Results
	4.1 Phase I
	4.2 Phase II

	5 Discussion
	6 Conclusions, limitations and future works
	Appendix A: GPS data processing
	Acknowledgements
	References


