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As the game of soccer has evolved, so have the methods 
of analyzing performance developed from the simple use 
of hand notation tracking of players’ movements on scale 
plans of pitches (Bloomfield, Jonsson, Polman, Houlahan, 
& O’Donoghue, 2005) to the current utilization of video 
recordings and computerized analyses (Borrie, Jonsson, 
& Magnusson, 2002).

In the field of sport research, there is a growing need 
for rigorous analysis of data, particularly in terms of iden-
tifying the sources of variability resulting from method-

ological issues—for example, those caused by the vary-
ing methods of data collection used in studies, the lack of 
standardized approaches, and especially, the considerable 
differences in the approaches used to classify motion.

Traditional methods of analysis have used frequency 
of event occurrence as their index of performance—for 
example, recording the number of passes made from par-
ticular zones or how many times a team makes an error. 
However, if one accepts that sport performance consists 
of a complex series of interrelationships between a wide 
array of performance variables, simple frequency data can 
provide only a relatively superficial view of performance. 
There is thus a growing demand for data analysis meth-
ods or techniques that can generate more complete and, 
therefore, more complex quantitative representations of 
performance.

Nevertheless, traditional frequency analyses of perfor-
mance have provided, and will continue to provide, valu-
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Traditional methods for quantifying sport performances are limited in their capacity to describe the 
complex interactions of events that occur within a performance over time. The following article out-
lines a new approach to the study of actions between players in team sports—mainly, soccer. Since the 
observational design is nomothetic, point, and multidimensional, an observational and data-collecting 
instrument has been developed. The instrument is mixed and combines a field format with a category 
system for game events, as well as an ad hoc instrument that considers the game actions of one or 
both teams, each recorded according to the same criteria. The article also outlines a new approach 
to the analysis of time-based event records—in this case, sports performance—known as T-pattern 
detection. The relevant elements of the T-pattern detection process are explained, and exemplar data 
from analyses of soccer matches are presented to highlight the potential of this form of data analysis. 
The results suggest that it is possible to identify new kinds of profiles for both individuals and teams 
on the basis of observational criteria and a further analysis of temporal behavioral patterns detected 
within the performances.
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able information that coaches and performers can use to 
enhance the coaching process. Thus, the present article 
does not seek to argue that an analysis of temporal structure 
is better than other approaches in sport research but merely 
that it provides an additional and fresh perspective for per-
formance analysts to consider and use, given that the game 
is transcribed with appropriately developed instruments.

In light of the above, the purpose of this article is to in-
troduce and explain a data collection and analysis method 
that can be used to examine temporal structure in sport 
performance. Special attention is paid to the observational 
design embedded in the SOF-CODER software, which 
was developed for the study of the hidden structures un-
derlying the interactive situation in a game of soccer, al-
though it is also applicable to other team sports in which 
there are social interactions between players. The authors 
are concerned with the way in which temporal patterns 
are able to reveal those aspects of play interaction that 
are not immediately observable. The present view is that 
every interactive flow is governed by behavioral struc-
tures of varying stability that can be discovered and visu-
alized through the detection of various kinds of temporal 
 patterns—here, T-patterns (Magnusson, 1996, 2000).

Of course, social interaction is a very complex phenom-
enon, and the assumptions underlying its study are a start-
ing point for research into social relationships, although 
there is no unified theory for the study of such processes. 
The most important of these are the inevitable multiplic-
ity of the individuals involved, the diversity of existing 
interactive structures, the effect of context and interac-
tive content, and both inter- and intrasession permanence 
and changeability, among many others. The study of social 
interaction is, thus, undoubtedly difficult from a method-
ological point of view, and in this regard, the contribution of 
observational methodology has proved decisive, whatever 
the situation (Anguera, 2003, 2005; Carletta et al., 2003).

Many specific issues can be addressed through the study 
of social interaction, since the latter constitutes an exten-
sive field from which varied elements may be selected. 
One of these issues, one that is proving to be a highly 
fruitful research avenue and constitutes the leitmotif of the 
present article, is the study of the hidden structures under-
lying an interactive situation such as a game of soccer. The 
approach here concerns the way in which temporal pat-
terns are able to reveal those aspects of social interactions 
that are not immediately observable and considers that 
every interactive flow is governed by behavioral structures 
of varying stability that can be visualized by detecting hid-
den temporal patterns, such as T-patterns. These temporal 
patterns can be detected by means of the powerful algorithm 
of the THEME software, developed by Magnusson (1996, 
2000), which imports data obtained by SOF-CODER. This 
constitutes the second aim of the present study.

The use of T-patterns and THEME has proven to be ex-
traordinarily productive for the study of the many differ-
ent aspects or fields of social interaction, as illustrated by 
research into team sport (Anguera & Ardá, 2003; Anguera 

Table 1 
Matches Recorded

Place  Result  Teams  Data Rows in Record File

Home Won FCB–Racing 426
Draw FCB–Betis 338
Lost FCB–Deportivo 682

Away Won Las Palmas–FCB 483
Draw Numancia–FCB 802

  Lost  Athletic Bilbao–FCB 403

Note—FCB, Barcelona Football Club.

The teams
and 
players are
listed.

All events
registered in
the game
automatically
appear in this
window.

The field picture
is used to record
event positions
(Zones and x- &
y-coordinates).

Video
recordings of
games are in
digital format.
The size of the 
picture can be
adjusted.

The recording
can be
controlled like
a videotape,
frame by
frame.

Behavior categories - SOF-4 codes.

Figure 1. Screen capture of SportCoder using SOF-4 codes.



374    JONSSON ET AL.

& Jonsson, 2002, 2003; Bloomfield et al., 2005; Borrie, 
Jonsson, & Magnusson, 2001, 2002; Jonsson, Bjarkadot-
tir, Gislason, Borrie, & Magnusson, 2003).

METHOD

Design
The observational design (Anguera, Blanco-Villaseñor, 

& Losada, 2001) is nomothetic (some matches), point (one 
match for each pair of teams and intrasession follow-up in 
each match), and multidimensional (these dimensions cor-
respond with the criteria of the observational instrument).

A number of methodological decisions (structure of 
observation instrument, kind of data, control of quality 
of data, and data analysis) were made as a result of this 
N/P/M (nomothetic/point/multidimensional) design.

Participants
The present study is part of an ongoing and broader 

research project involving the analysis of all the games 
played by Barcelona Football Club (Spain) during the na-
tional League Championship and the Champions’ League 
for several seasons. From these games, we have selected 

six specific matches, corresponding to Soccer League Di-
vision One, from the period 2000–2001, in order to apply 
the SOF-CODER instrument (see Table 1).

Instruments
The SOF-5 instrument. In order to achieve a system-

atized game analysis, an instrument combining field for-
mats with systems of categories is proposed. The instru-
ment is based on the continued development of the SOF 
instrument from Versions 1 to 4 (Anguera et al., 2000; 
Anguera et al., 2003; Anguera, Blanco-Villaseñor, et al., 
2004).

The underlying approach of the SOF-5 instrument 
(Blanco-Villaseñor et al., 2006; Castellano, 2000) is based 
on fixed criteria (scope, tournament, championship, field, 
time, and qualification), mixed criteria (scoreboard and 
symmetry/asymmetry), and changing criteria (side, zone, 
play action, interaction contexts, and action time). Each 
one of these gives rise to a system of categories that are 
exhaustive and mutually exclusive.

The system records the type of competition, the sta-
dium where it is played, and the number and order of play 
actions for each of the two teams, the purpose being to de-
velop a comprehensive database covering different (com-
plete) seasons and different teams.

The structure of the instrument was developed to com-
plement the field format and system of categories, thus 
ensuring that they are consistent with a multidimensional 
profile (in terms of the number of criteria proposed in 
each case) and that each of the dimensions gives rise ei-
ther to a system of categories (exhaustive and mutually 
exclusive) or to a list of traits in those cases in which the 
basic conditions inherent within a system of categories 
could not be met.

A coding manual containing definitions of all the cat-
egories, worked examples, and the syntactic rules that 
govern and normalize their use has been developed for 
the instrument (Blanco-Villaseñor et al., 2006).

The SOF-CODER as both an observation and a 
recording instrument. The SOF-CODER system en-
ables the user to transcribe a match on a computer (Jons-
son, 2006). The categorization and coding processes use 
digital technology that allows analog audiovisual informa-
tion to be converted into digital video by means of frames 
(1/25 sec), thus greatly increasing the degree of accuracy 
obtained.

Table 2 
Fixed Criteria From the SOF-5

  Level 1  Level 2

FIXED CRITERIA Data …/…/…
Observed:
Opposite
Scope Soccer Club

National Team
Tournament National

International
Championship League

Cup
Friendly Match

Field Home
Away
Neutral

Time First Half
Second Half
Extra Time 1
Extra Time 2

Qualification League
    Not Relevant  

Table 3 
Mixed Criteria From the SOF-5

Level 1 Level 2 Level 3 Level 4

MIXED Scoreboard Accumulated
CRITERIA Scoreboard

Won 1 Won
1

Draw Draw
Lost 1 Lost

1
Symmetry/Asymmetry
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Coding, a relatively complex operation that can be 
planned on the basis of a wide range of codes (literal, nu-
merical, mixed, iconic, chromatic, etc.), involves making 
decisions after having taken into account the advantages 
and disadvantages of each of these codes with respect to 
the situation under study. The use of an interactive multi-
media computer program facilitates the collection of time-
based data from digitized video files. This gives access to 
the duration and sequence of each action and a fragment 
of the observation sessions.

There are several software packages available that meet 
these requirements—for example, Codex (Hernández-
Mendo, Anguera, & Bermúdez, 2000), SportCoder 
(Anguera & Jonsson, 2003) and Match Vision Studio 
(Perea, Alday, & Castellano, 2004)—that are particularly 
suitable for recording sport events. However, further de-
velopments have been necessary in this area, and work 
is currently underway on normalizing the use of specific 
software in order to control reliability, accuracy, and valid-
ity of the field format categories or codes that will have 
been previously coded and recorded digitally.

Adapting the SportCoder to SOF-CODER. The 
first step in the development of the SOF-CODER system 
was to import the SOF-4 codes into a previously existing 
tool, SportCoder (Anguera & Jonsson, 2003). The mul-
timedia system developed on the basis of Theme Coder 

(previously a part of the Theme software) was designed 
for the collection of time-based data in sport (see Fig-
ure 1) and enabled users to develop their own system of 
categories for the data collection procedure.

Table 4 
Changing Criteria From the SOF-5

Level 1 Level 2 Level 3 Level 4

CHANGING Side Right
CRITERIA Central

Left
Zone Ultra-defensive

Defensive
Central
Offensive
Ultra-offensive

Play Action Start (in favor) Stopped Ball Inside Player (fail)
Outside Player (corner, to kick off goal) 
Outside Throw-In

Ball Motion Retrieval
End Stopped Ball Inside Player (fail)

(in favor) Outside Player (corner, to kick off goal) 
Outside Throw-In Goal

Stopped Ball Inside Player (fail)
(against) Outside Player (corner, to kick off goal)

Outside Throw-In Goal
Ball Motion Loss

Interaction RM
Contexts RA

MR
MM
MA
AR
AM
AO
AO
OO

Action
Time

Figure 2. Selecting the location where the project files will be 
stored.
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Preliminary research using the SOF-4 and SOF-5 
codes and continued development of the SOF instruments 
(see Anguera, Blanco-Villaseñor, et al., 2003; Anguera, 
Blanco-Villaseñor, et al., 2004), focusing on different 
methodological and statistical issues, as well as on ele-
ments of the game, resulted in a comprehensive plat-
form for the development of the current SOF-CODER. 
The fixed criteria implemented in the SOF-CODER (see 
Table 2) list two levels of background variables concern-
ing, for example, type of tournament and field of the game 
to be analyzed.

The mixed criteria of the SOF-CODER (see Table 3) 
enable collection of data concerning the accumulating 

scoreboard, as well as symmetry/asymmetry issues of the 
game.

The changing criteria of the SOF-CODER (see Table 4) 
comprise several levels of analysis, ranging from side, 
zone, and action time to ball motion and different levels 
of play action.

Basic procedures using the SOF-CODER. The basic 
use of the SOF-CODER system (Jonsson, 2006) consists 
of the following steps.

1. The program is started.
2. The location where the project files will be stored is 

selected (see Figure 2).
3. The digitized video file to be analyzed in the current 

project is selected (see Figure 3).
4. Relevant items in the list of criteria are marked (see 

Table 2).
5. Once the project folder and digitized video file 

have been selected and the relevant criteria marked, the 
SOF-CODER interface opens automatically (see Fig-
ure 4), and the user can start transcribing the match to be 
analyzed.

6. When transcribing the match, the user will stop the 
image at the appropriate time, using the video control 
functions (see the image box in Figure 4), and select an 
actor/team (see the upper left corner in Figure 4) and rel-
evant categories (see the Changing Criteria box at the bot-
tom of Figure 4). The selection will automatically prompt 
the coordinate (pitch) window, where the user can click 
on the image (see the coordinate window in Figure 4) and 
place the action on the pitch, collecting information on 

Figure 3. Selecting the digitized video file that will be analyzed.

Figure 4. The SOF-CODER interface.
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both the zone where the activity took place and the x- and y-
 coordinates. All information is automatically stored in the 
cumulative Behavior Record (see the box in the upper right 
corner in Figure 4), with the exact time of occurrence.

Procedure
Observational records were obtained using SOF-CODER. 

The record of six matches consists of 3,134 data rows.
The resulting data files contain a T column (with the 

temporal frames) and, for the different codes, an Events 
column (see a sample in Table 5).

The data are then imported into the Theme software in 
order to detect hidden patterns. Figure 5 shows a fragment 
of a data file after importing into Theme.

The codes of the SOF-5 observational instrument in-
cluded in SOF-CODER are prepared in a VVT file. The 
criteria of the instrument are sorted as columns, and the 
respective codes of each one as rows. Figure 6 shows these 
codes as viewed in the Theme software.

The Theme software (see www.patternvision.com) en-
ables complex repeated temporal patterns to be detected 
even when a large number of unrelated events occur in be-
tween components of the patterns, which typically makes 
them invisible to the naked eye (Magnusson, 1996, 2000). 
The basic assumption is that the temporal structure of a 
complex behavioral system is largely unknown but may 
involve a set of a particular type of repeated temporal pat-
terns (T-patterns) composed of distinguishable event types, 
which are coded in terms of their beginning and end points 
(such as player begins passing the ball or player ends run-
ning up right wing). The kind of behavior record (as a set 
of time point series or occurrence time series) that results 
from such coding of behavior within a particular observa-

Table 5 
Fragment of a Data File (CSV Format)

 DATANAME  T  Events  

FCB-BETIS_FIRST 1 :
FCB-BETIS_FIRST 375 CE,UD,IR,RA
FCB-BETIS_FIRST 650 CE,UD,FT,RA
FCB-BETIS_FIRST 700 CE,C,MM
FCB-BETIS_FIRST 850 CE,O,MM
FCB-BETIS_FIRST 1125 CE,O,IFFM,OO
FCB-BETIS_FIRST 1425 CE,UO,AR
FCB-BETIS_FIRST 1500 IZ,O,AR
FCB-BETIS_FIRST 1675 IZ,C,FP,MM
FCB-BETIS_FIRST 1900 IZ,UD,IR,RA
FCB-BETIS_FIRST 2025 CE,O,RM
FCB-BETIS_FIRST 2075 CE,D,MM
FCB-BETIS_FIRST 2200 CE,O,FP,MR
FCB-BETIS_FIRST 2275 IZ,C,IR,MM
FCB-BETIS_FIRST 2450 CE,C,MM
FCB-BETIS_FIRST 2550 IZ,O,MR
FCB-BETIS_FIRST 2650 IZ,O,FP,MR
FCB-BETIS_FIRST 2775 IZ,O,IFFM,MM
FCB-BETIS_FIRST 2900 CE,C,MM
FCB-BETIS_FIRST 3150 IZ,UO,FP,AR
FCB-BETIS_FIRST 3525 IZ,O,IFFM,AR
FCB-BETIS_FIRST 3700 CE,C,RM

 FCB-BETIS_FIRST  3775  CE,C,MM  

Figure 5. Data file from SOF-CODER imported into the Theme software.
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tion period (here, called T-data) constitutes the input to 
the T-pattern definition and detection algorithms. Essen-
tially, within a given observation period, if two actions, A 
and B, occur repeatedly in that order or concurrently, they 
are said to form a T-pattern (AB) if they are found more 
often than would be expected by chance; assuming as h0 
an independent distribution for A and B, there is approxi-
mately the same time distance (called the critical interval, 
CI) between them. Instances of A and B related by that ap-
proximate distance then constitute occurrence of the (AB) 
T-pattern, and its occurrence times are added to the origi-
nal data. More complex T-patterns are gradually detected 
as patterns of simpler already-detected patterns through 
a hierarchical bottom-up detection procedure (Magnus-
son, 1996, 2000). The pattern in Figure 7 illustrates how a 
larger pattern ((AB) (CD)) is detected as a combination of 
the two simpler patterns (AB) and (CD). Even in data sets 
of moderate size, the number of potential T-patterns is very 
high. Special algorithms deal with potential combinatorial 
explosions due to redundant and partial detection of the 
same patterns, using an evolution algorithm (completeness 
competition) that compares all the detected patterns and 
lets only the most complete patterns survive. Since any 
basic time unit may be used, T-patterns are, in principle, 
scale independent, although only a limited range of basic 
unit size is relevant in each specific study.

RESULTS

Once users have finished transcribing the game, they 
can visualize different basic statistical information based 
on the game’s criteria. This includes frequency counts of 
match events (see Figure 8) and the frequency and dura-
tion of game events (see Figure 9).

In order to control the quality of data (Blanco-
 Villaseñor, 1993; Blanco-Villaseñor & Anguera, 2000; 
Jansen, Wiertz, Meyer, & Noldus, 2003), the kappa coef-
ficient has been calculated (.82 for all matches).

During the process of transcribing the game, the 
SOF-CODER automatically accumulates the data file that 
can be exported for more detailed analysis—for example, 
pattern detection and analysis with the Theme software 
(Borrie, Jonsson, & Magnusson, 2001, 2002; Magnusson, 
1996, 2000).

An analysis of transcribed records revealed a high number 
of repeated complex temporal structures within the game 
events of the particular match analyzed. For the pattern de-
tection, the following search criteria were used: minimum 
number of occurrences, set at 3; significance level at .005; 
and other criteria as default. In line with previous studies in 
this area, the data show that soccer contains a large number 
of temporal patterns. The number, frequency, and complex-
ity of the detected patterns indicate that sport behavior is 

Figure 6. Codes of the observational instrument SOF-5 displayed in Theme.

w a k b w

a b c d a b c d

ck dwk w w k w k w wck d ww  a  kb

1

1

N
T

N
T

Figure 7. Example of a repeated T-pattern: The figure illustrates how 
a larger pattern ((AB) (CD)) is detected as a combination of the two 
simpler patterns (AB) and (CD).
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much more synchronized than the human eye can detect. 
This synchrony was found to exist on different levels, with 
highly complex time structures extending over considerable 
time spans within performances and with patterns occurring 

in both cyclical and acyclical fashions (Anguera, Jonsson, 
Magnusson, Losada, & Blanco-Villaseñor, 2004). For in-
stance, 21 different T-patterns were detected in one of the 
games analyzed, an example being shown in Figure 10.

Figure 8. Event frequency chart.

Figure 9. Event time plot.
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The pattern represented in Figure 10 occurred three 
times during the first half of the match, with a duration 
of 3,378 frames (5% of the observation period), and de-
scribes the following sequence of action: There is an al-
ternation between the location of the ball in an offensive 
and ultraoffensive zone, and the interaction between both 
teams implies the successive situations of advanced me-
dium, advanced delayed, and situations in which the ball is 
stopped because there has been a prescribed interruption.

DISCUSSION

The SOF-CODER is a powerful tool that can be used 
as both an observation and a recording instrument. As an 
observation instrument, it can be adapted to the best possi-
bilities in each case (now the SOF-5) and modified to suit 
the team sport in question. As a recording instrument, the 
SOF-CODER has a number of advantages, such as the use 
of digitized video, frame as the time unit, use of the mouse 
in order to avoid making errors and for correcting them, 
and the ability to export the data file in standard Excel 
format. Moreover, as has already been mentioned, the 
SOF-CODER files can be directly imported into Theme 
for the detection and analysis of complex hidden patterns 
of play.

Given the above, the authors conclude that the use of 
the current observational design and T-pattern detection in 
soccer shows tremendous potential. The identification of 

patterns that are not identifiable through simple observa-
tion is of great benefit, not only in match-play, but also in 
establishing the physical demands through time–motion 
analysis. The selected example concerns a critical action 
that has begun in an offensive zone and advanced posi-
tion of one team (with the opposing team in an interme-
diate position), followed by a player of the same team, 
in an ultraoffensive zone and an advanced position (with 
a delayed position of the opposing team), committing a 
foul; thus, the ball is stopped, and there is no interaction 
context.

The preliminary data shown highlight the potential of 
the current design and analysis to move beyond the con-
straints of traditional frequency-based analyses of perfor-
mance and make a significant contribution to a deeper 
understanding of sports performance. The results suggest 
that there is a very real possibility of discovering new kinds 
of profiles (complex intra- and interindividual patterns), 
using the detected behavioral patterns in combination 
with elementary statistics. Without this form of analysis, 
important information may be overlooked and, thus, op-
portunities missed for the optimization of performance.
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