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An observational analysis of kicker–goalkeeper interaction in 
penalties between national football teams in international 
competitions
José Ramón Barberoa, Daniel Lapresa a, Javier Arana a and M. Teresa Anguera b

aDepartment of Educational Sciences, University of La Rioja, Logroño, Spain; bFaculty of Psychology, Institute 
of Neurosciences, University of Barcelona, Barcelona, Spain

ABSTRACT
An observation instrument was designed to analyse the interaction 
between the kicker and goalkeeper in a penalty kick, which allows to 
obtain relevant information in order to predict the direction of the kick. 
To fulfil this aim, an analysis was carried out of the interaction between 
kickers and goalkeepers in penalties taken in the following interna-
tional team competitions: European Football Championship, Africa 
Cup of Nations, Copa América, AFC Asian Cup and Concacaf Gold 
Cup. Intra and inter-observer reliability was guaranteed using 
Cohen’s Kappa coefficient. Evidence was produced of generalisation 
accuracy in the observation sample and of the validity of the observa-
tion instrument. The results obtained provide relevant information 
regarding the zone –or sector– of the goal towards which the kick is 
aimed, from the information contained: in the contextual dimensions 
“competition”, “match time”, “match score” and “match result”; and in 
the dimensions that make up the diachronic structure of the observa-
tion instrument –“start of kicker’s run-up in relation to the ball”, “goal-
keeper actions prior to the kick”, “movements in kicker’s run-up”, 
“length of kicker’s run-up”, “speed of kicker’s run-up”, “direction of 
kicker’s supporting foot”, “position of opposite arm to kicker’s kicking 
foot” and “contact surface”.
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1. Introduction

A penalty involves the interaction between two participants – player and goalkeeper – 
with different aims (Furley et al., 2017; Lopes et al., 2012). In this interaction, the player 
will try to mislead the goalkeeper so that he will not guess where the kick will be aimed; 
whilst the goalkeeper will try to generate uncertainty and doubt in the kicker so that he 
will kick with less precision and attempt to guess which side the shot will be aimed at 
(Van der Kamp & Masters, 2008). The ball takes between 408 and 620 ms to reach the 
goal (Sánchez et al., 2005), while the goalkeeper may need between 700 and 1000 ms to 
reach the ball, depending on the placement of the kick (Dicks et al., 2010). If the 
goalkeeper does not anticipate the movement, this considerably reduces the probability 
of stopping the shot (Savelsbergh et al., 2002).
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Penalty kick efficiency in the World Cup, the European Championship and the Copa 
América were set between 73.2% (Noël et al., 2021) and 78.9% (Jordet et al., 2007). If 
a penalty is awarded during a match, there is a great possibility of it altering the score and 
being relevant to the result. Effectiveness in penalty shootouts is reduced to 70% (López- 
Botella & Palao, 2007) and even to 64.3% from the sixth kick to the ninth (Jordet et al.,  
2007), which is explained by the fact that not all players are specialist penalty kickers and 
that the more important the penalty, the higher the degree of anxiety produced in the 
player (McGarry & Franks, 2000).

The context and importance of the penalty modify the kicker’s emotional state (Jordet 
& Elferink-Gemser, 2012); the competition itself (Palao et al., 2010) and the point in the 
match when the penalty occurs are both relevant. In the European Championship and 
World Cup, twice the number of penalties is awarded in the second half of the match 
than in the first, and more penalties are given in the last 30 min than in the first 60 
(Dalton et al., 2015).

Studies have been carried out which analyse the kicker’s movements and 
posture and the relationship with the goal zone the kick is aimed at the supporting 
foot tends to point in the direction that the ball is aimed (Lees & Owens, 2011); 
the distance from the supporting foot to the ball when the kick is taken influences 
the height of the shot in that the further away from the ball the supporting foot is, 
the higher the shot (Lees et al., 2010); faster speed when approaching the ball 
implies less accuracy (Lees & Nolan, 2002); if accuracy is desired, then the kick is 
taken with the interior side of the foot, and if greater speed is the objective, then 
the instep is used (Hunter et al., 2018); a right-footed kicker with the supporting 
foot pointing left and the left arm at an upper abduction angle greater than 90° 
has a higher possibility of shooting towards the left (Buscà et al., 2022).

The goalkeeper’s behaviour prior to the kick has also been studied at the 
beginning of the kicker’s run-up, goalkeepers tend to focus on the upper parts 
of the body – head, chest and arms – but, as the moment of contact approaches, 
they focus their attention on the lower part of the body (Navia et al., 2013); 
expert goalkeepers need around 250 ms to receive the latest information from the 
kicker, beginning to move about 50 ms before the player kicks the ball (Dicks 
et al., 2010); inaction – not diving in a penalty that ends in a goal – produces in 
goalkeepers a greater feeling of not having done everything possible to stop the 
penalty than if they had dived, despite the fact that if the goalkeeper remains in 
the middle and the ball goes to the middle he has more possibilities of stopping 
the ball than if he chooses one side and the ball goes to that side (Bar-Ely et al.,  
2007); if the goalkeeper places himself between six and ten centimetres to one side 
at the moment the ball is kicked, this increases the probability that the kicker will 
aim at the side he perceives to be more open by 10% (Masters et al., 2007); if the 
goalkeeper flaps his arms up and down, this makes the kicker perceives the goal 
in a different way, and produces lower shots that are also closer to the goalposts 
(Van der Kamp & Masters, 2008).

A team that aspires to go far in international competitions with national squads 
will, in all probability, be faced with a penalty – in favour or against – at some 
point on their way to the final. Since the first edition of the European 
Championship was held in 1960, there have been 88 penalties in 440 matches, an 
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average of 0.20 penalties per match (https://es.uefa.com). Furthermore, there is 
a good possibility that, during such a competition, a team will be faced with 
a penalty shootout, given that they occur in 21.8% of the qualifying matches of 
the World Cup, European Championship and Copa América (Jordet et al., 2007). In 
the last European Championship´21, Italy won the championship after two penalty 
shootouts. In the Copa América´21 and Asian Cup´19, the champions Argentina 
and runners-up Algeria also won a penalty shootout in the qualifying rounds in 
order to get to the final. Even in the last World Cup – Qatar 22 – Argentina won 
the quarterfinals and the final on penalties.

This work had two aims. The first was to design an observation instrument to 
analyse the kicker–goalkeeper interaction in a penalty kick, allowing the goal-
keeper and coaching team to obtain relevant information for predicting the 
direction of the kick. This aim was fulfilled through a second aim focussing on 
the analysis of kicker–goalkeeper interaction in penalties taken in the following 
international team competitions held between 2019 and 2021: European 
Championship, Copa América, Africa Cup of Nations, AFC Asian Cup and 
Concacaf Gold Cup.

2. Method

This work has been developed at the core of observational methodology (Anguera,  
1979). Observational methodology, being justifiably considered as mixed method in 
itself (Anguera et al., 2017), has developed its own quantitizing pathway from the 
option “connecting” (Creswell & Plano Clark, 2017) that allows the alternation of 
QUAL-QUAN-QUAL stages and is being widely applied in different fields, including 
sports.

In line with (Anguera et al., 2011), the proposed observational design was as 
follows: nomothetic, in analysing the performance of 149 kickers and 66 goal-
keepers; of follow-up that is both inter-session (penalties taken in different competi-
tions) and intra-session (behaviours occurring in each of the penalties that make up 
the observational sample); and multidimensional, with proxemic and gestural type 
dimensions.

3. Participants

The observational sample was made up of all the penalties taken (n = 185) in the 
following international competitions between national football teams: European 
Championship´21 (n = 55; order number: 1–55), Copa América´21, (n = 36; 56–91), 
Asian Cup´19 (n = 35; 92–126), Africa Cup of Nations´19 (n = 48; 127–174), and 
Concacaf Gold Cup´21 (n = 11; 175–185).

Film footage of all the penalties is openly available in the official YouTube channels of 
the UEFA (@uefa), CONCACAF (@concacaf), CONMEBOL (@conmebol), CAN (@caft-
vafricanfootball) and AFC @afcasiancup). This research work has been approved by the 
Research Ethics Committee of the University of La Rioja (file Nº 43_2023).
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4. Observation instrument

For this work, an ad hoc observation instrument was designed (see Table 1) that is 
a combination of field format and category systems, from an exhaustive theoretical review. 
In terms of their relevance, it is worth highlighting the works of Nolan (2001), Savelsbergh 
et al. (2002), Williams and Griffiths (2002), Dicks et al. (2010), Lees and Owens (2011), Li et al. 
(2015), Furley et al. (2017), Nadal et al. (2018), Prieto Lage et al. (2020) and G. S. Pinheiro et al. 
(2021).

The observation instrument, based on Anguera et al. (2007), was developed from 
a dynamic process of dimensions proposal and an initial formulation of tentative 
category systems for each one, subsequently modified in accordance with an empirical- 
inductive strategy, and then again, according to a theoretical-deductive strategy. After 
recording 22 penalties that do not form part of the observational sample of this research 
(penalty shootout in the final of the Europa League´21 -Villarreal vs. Manchester United) 
without detecting new behaviours in any of the criteria, the precautionary test was 
passed, with catalogue type lists being assumed as repertory type lists (Anguera & 
Izquierdo, 2006), counting on the presumption of exhaustivity.

5. Recording and coding

Recording and coding of the penalties was done via the LINCE software, version 1.4 
(Gabín et al., 2012). The recording centres on four key moments or critical frames 
(Lindeman et al., 2000) are as follows: Critical frame 1) is recorded at the moment the 
kicker begins his approach to the ball (criteria recorded from 1 to 5); critical frame 2) is 

Table 1. Observation instrument: dimensions, category systems and codes.
Nº DIMENSION CATEGORY SYSTEMS AND CODES

1 Competition European Championship (CEC), Copa América (CCAM), Africa Cup of Nations 
(CCAF), AFC Asian Cup (CCAS), Concacaf Gold Cup (CCO)

2 Match Time 0–30´ (TI), 31–60´ (TM), 61–90+ (TE), Extra time (TET), Penalty shootout (TPS)
3 Match Score Winning (MSW), Drawing (MSD), Losing (MSL)
4 Match Result Won (MRG), Drawn (MRD), Lost (MRL), Penalty shootout (MRPS)
5 Start of kicker’s run-up in 

relation to the ball
Right (SRR), Middle (SRM), Left (SRI)

6 Goalkeeper’s actions prior to 
the kick

No movement (GNM), Lateral movements (GML), Arm movements (GAM), 
Jumps (GJ), Crouches (GC), Moves forward (GMF)

7 Movements in the kicker’s run- 
up

Skipping (MKS), Sudden stop (MSS), Change of pace (MCP)

8 Speed of kicker’s run-up Fast – with flight phase (SF), Slow – without flight phase (SS)
9 Length of kicker’s run-up Up to 3 steps (LKS), More than 3 steps (LKL), From outside the area (LKOA)
10 Direction of kicker’s supporting 

foot
To the left of the goalkeeper (DSFL), To the middle (DSLM), To the right of the 
goalkeeper (DSFR)

11 Position of opposite arm to 
kicker’s kicking foot

Arm outstretched and open (OAO), Arm close to body (OAC), Arm open with 
elbow bent (OAEF), Arm half-open (OAHO)

12 Kicker’s kicking foot Left (FL), Right (FR)
13 Kicker’s contact surface Interior (CSI), Exterior (CSE), Instep (CSIN)
14 Goalkeeper’s position when 

kick taken
Defeated to the left (GPL), Defeated to the right (GPR), In the middle (GPM)

15 Shot trajectory Rectilinear (STR), Parabolic (STP)
16 End zone-sector of kick Z1 and Z4, left sector; Z2 and Z5, middle sector; Z3 and Z6, right sector 

Z1 Z2 Z3
Z4 Z5 Z6

17 Result of kick Goal (RG), Goalkeeper blocks (RGB), Crossbar or post (RP), Miss (RM)
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recorded when the kicker places his non-dominant supporting leg – in terms of the kick – 
on the ground (criteria recorded 1–4, 6, 8–11); critical frame 3) is recorded when the foot 
hits the ball (criteria recorded 1–4, 12–14); critical frame 4) is recorded when the 
goalkeeper stops the ball, the ball touches the net, goes over the goal line or touches 
one of the posts (criteria recorded 1–4, 15–17). Furthermore, during the approach run- 
up – between critical frame 1 and critical frame 2 – other frames are recorded that are not 
considered key (Garzón et al., 2011), but which capture the interaction between the 
kicker and goalkeeper (criteria recorded 1–4, 6 and 7).

The obtained data, in accordance with Bakeman’s classical typology (1978) for obser-
vational data, are type IV, concurrent and time-based. Similarly, in accordance with 
Bakeman and Quera (1995), the data type is multi-event, due to the fact that the 
observational design is multidimensional.

6. Data reliability

Two observers were given the task of recording the data that underpins this research work. 
The observers’ training was carried out in three phases, in line with the proposal of Arana 
et al. (2016), p. 1) theoretical training in the observation instrument; 2) theoretical-practical 
training in the recording procedure in relation to feeding the observation instrument into 
the LINCE software; 3) practical training: observers’ autonomous recording of an observa-
tion session outside the sample – penalty shootout in the final of the UEFA Champions 
League´16, Real Madrid vs. Atlético de Madrid. The training process was considered 
complete once a high level of concordance – Cohen’s Kappa (1960) greater than 0.80 – 
between the observers had been obtained in the nine penalties that make up the sample.

The first observer recorded the whole of the observational sample. Subsequently, 
in order to provide evidence of intra- and inter-observer concordance, both obser-
vers went on to record 11.35% of the total number of penalties – the second 
observer on two occasions –, with the following distribution by competition: 
European Championship (10.90%), Copa América (11.11%), Asian Cup (11.42%), 
Africa Cup of Nations (10.41%) and Gold Cup (16.66%). There was a period of 1 
week between the first and second observations of both observers. Table 2 shows the 
percentage of agreement and the Kappa coefficient by competition. The values of 
Cohen’s Kappa coefficient (1960) obtained guarantee an almost perfect agreement 
(Landis & Koch, 1977, p. 165).

6.1. Generalizability of the results

This section was developed at the heart of the Generalisability Theory (Cronbach et al.,  
1972). The sum of squares necessary for the generalisability design was obtained via SPSS, 
version 25, at the heart of the General Linear Model (GLM). The data was subsequently fed 
into Ysewijn’s Generalisability Theory (GT) Software (1996). Table 3 presents the results that 
correspond to the generalisability design: [Competition] [Category] [Penalty]. Variance 
components estimation was carried out for an infinite population for all the facets. The 
design reveals that variability is associated with the category facet and its interaction with the 
penalty and competition facets, being null for the penalty and competition facets. The 
elevated value of the determination coefficient obtained (r2 = 1) indicates that, with the 
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combination of the aforementioned facets, we can explain with guarantees the variability 
they provide in their development of data packs that make up the observational sample. The 
analysis of the generalisability coefficients of the measurement plan that positions the 
penalties facet as an instrumentation facet, [Competition] [Category]/[Penalty], determines 
that the analysed penalties obtain a reliability generalisation accuracy of 0.956 – the same 
value of relative (e2) and absolute generalisability coefficient (Φ).

The validity of the observation instrument is addressed by placing the category facet in 
the instrumentation facet, [Competition] [Penalty]/[Category], in line with Blanco- 
Villaseñor et al. (2010). Within the methodological framework of the Generalisability 
Theory, an instrument is considered valid when variability corresponding to the category 
facet is very high and guarantees, therefore, the observational instrument’s capacity for 
discrimination, which translates to a generalisability coefficient equal or near to 0, as is 
the case with this research work (coefficient G relative and absolute = 0.00).

6.2. Data analysis

Two types of data analysis were carried out: one synchronic (Cramer’s V and adjusted 
residuals) and the other diachronic, with detection of regular behavioural structures in 
the recordings that make up the observational sample (T-pattern detection).

With the synchronic statistical analysis, carried out using the statistical package 
IBM-SPSS-26, our aim was to specify the existing relationship between the “goal 
sector” (Z1 and Z4, left sector; Z2 and Z5, middle sector; Z3 and Z6, right sector) 
and the criteria in the four critical frames, taking into account the leg – right or 

Table 2. Reliability evidence. Intra- and inter-observer concordance.
1st observer intra-observer 

concordance
2nd observer intra-observer 

concordance
Inter-observer 
concordance

Kappa % Agreement Kappa % Agreement Kappa % Agreement

European C. 0.93 94 % 0.93 94 % 0.87 87 %
Copa América 0.88 89 % 0.81 82 % 0.83 83 %
Asian Cup 0.95 96 % 0.81 82 % 0.86 87 %
Gold Cup 1 100 % 1 100 % 0.87 89 %
Africa Cup 0.96 96 % 0.92 92 % 0.87 87 %

Table 3. Generalisability analysis results corresponding to the observation plan [competition] [cate-
gory] [penalties].

Source Sum of squares gl Root mean square % Variance

Corrected model 18545.637 11654 1.591
Intersection 2062.973 1 2062.973
Competition .114 4 .028
Penalties 16.680 54 .309
Categories 4310.828 62 69.529 23%
Competition*Penalties 41.205 126 .327
Competition*Categories 3548.974 248 14.310 28%
Penalties*Categories 3118.726 3348 .932 13%
Competition*Penalties*Categories 4625.390 7812 .592 38%
Error .000 0
Total 21775.000 11655
Corrected Total 18545.637 11654
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left – with which the kicker takes the kick. To this end, Cramer’s V was used, 
which, in addition to analysing the existence of an association between category 
dimensions, enables us to measure the intensity of this relationship. The value of 
this coefficient goes from 0 (minimal association or perfect independence between 
dimensions) to 1 (maximum association or perfect association between dimen-
sions). According to Crewson (2006) intensity is as follows: high when the value 
of the coefficient is greater than 0.50; moderate if the value is between 0.30 and 
0.50; low if the value is between 0.10 and 0.30; and there is no association with 
values lower than 0.10.

Once the significance and intensity of the relationship between two given 
criteria had been determined, a specific analysis was done of the relationship 
established between the categories that make up the criteria, through an analysis 
of adjusted residuals (Haberman, 1973). This test involves dividing the residual of 
each cell (difference between observed and expected frequency) by the square root 
of the variance of the residual. The values obtained with this transformation 
follow a normal distribution. Therefore, for a significance level of 0.05, all those 
residuals typified higher than 1.96 are statistically significant – a positive relation-
ship is inferred between the categories, and they report cells with more cases in 
that cell than there should have been if the analysed variables had been indepen-
dent. Meanwhile, from the residuals lower than −1.96 an association of statisti-
cally significant inhibition is inferred, indicating that in the cell fewer cases were 
recorded than there should have been under the independence hypothesis. With 
a view to avoiding redundancy in the results section, only adjusted residuals with 
a plus sign will be mentioned.

In terms of diachronic analysis, a search was carried out of regular behavioural 
structures hidden in the record via the software THEME6.Edu, which uses an algo-
rithm developed by Magnusson (1996, 2000) as its base, thus enabling the detection of 
T-patterns – a “statistical construction” detected from a combination of events that 
occur in the same order, with time distances between them that stay relatively 
invariant in relation to the null analysis that each recorded behaviour code is 
independent and randomly distributed in time. Although the main contribution of 
the THEME software is the detection of temporal patterns, it also offers the possibility 
of detecting sequential structures under the order parameter (Lapresa, Anguera, et al.,  
2013; Lapresa, Arana, et al., 2013; Terroba et al., 2021). In this work, we have resorted 
to this analysis possibility that THEME allows, via the assignation to each occurrence 
of a duration equal to 1.

In line with Amatria et al. (2017) quantitative and qualitative filters were used in the 
process of T-pattern detection and selection. In terms of quantitative filters, the following 
search parameters were selected (see reference manual: PatternVision Ltd, & Noldus 
Information Technology bv, 2004): a) a fixed minimum frequency of 2; b) a significance 
level of 0.005, by which the percentage probability of accepting a critical interval due to 
chance is of 0.5%; c) a redundancy reduction fixed at 90, so that, if more than 90% of the 
occurrences of a new detected pattern started and finished almost at the same time as the 
patterns already detected, the new pattern was discarded. In terms of qualitative filters, 
we selected – for their relevance in fulfilling the pre-set aim – those T-patterns that reflect 
critical frames 3 and 4, in addition to critical frame 2 or other non-key frames.

INTERNATIONAL JOURNAL OF PERFORMANCE ANALYSIS IN SPORT 7



7. Results

7.1. From the statistical analysis

Below we present the results that confirm a significant association between “goal sector” 
(Z1 and Z4, left sector; Z2 and Z5, middle sector; Z3 and Z6, right sector) and the criteria 
that integrate the four critical frames, bearing in mind the leg – right or left – that the 
kicker uses to take the kick (see Table 4).

In right-footed kickers, we found a high intensity in the association with the criterion 
“direction of kicker’s supporting foot” (Cramer’s V = 0.790; p < 0.001). In the residuals 
analysis, a positive relationship can be observed: between the category “kicker’s support-
ing foot pointing to the left of the goalkeeper” and the kick being aimed at the “right 
sector” (z = 9.221); between the category “kicker’s supporting foot pointing to the middle 
of the goalkeeper” and the kick being aimed at the “middle sector” (z = 9.766); and 
between the category “kicker’s supporting foot pointing to the right of the goalkeeper” 
and the shot being aimed at the “left sector” (z = 8.933).

In terms of the criterion “kicker’s contact surface” the intensity was moderate 
(Cramer’s V = 0.431; p < 0.001). In the local analysis, a positive relationship can be seen 
between the “interior” contact surface category and the shot going towards the “right 
sector” (z = 5.155), and between the “instep” contact surface category and the shot being 
aimed at the “left sector” (z = 3.815).

The association intensity is low with the criteria: “position of opposite arm to 
kicker’s kicking foot” (Cramer’s V = 0.283; p < 0.001), “speed of kicker’s run-up” 
(Cramer’s V = 0.222; p = 0.031), and “start of kicker’s run-up in relation to the ball” 
(Cramer’s V = 0.234; p = 0.005). The results of the adjusted residuals analysis indicate 
a positive association between the categories: “position arm outstretched and open 
opposite to kicker’s kicking foot” and the shot going towards the “left sector” (z =  
3.735); “position arm close to body opposite to kicker’s kicking foot” and the shot 
being sent to the “right sector” (z = 4.400); “kicker’s fast run-up speed” and a shot to 
the “middle sector” (z = 2.592); “start of kicker’s run-up to the middle of the ball” and 
a shot to the “middle sector” (z = 3.290)

As far as left-footed kickers are concerned, a high intensity was demonstrated in 
the association with the “direction of the kicker’s supporting foot” (Cramer’s V =  
0.718; p < 0.001). In the residuals analysis, a positive relationship was shown: between 

Table 4. Significant results of the global analysis of the relationship intensity (Cramer’s V) between 
the criterion “End sector of kick” and the rest of the criteria in the observation instrument, 
depending on the foot used to take the kick.

End sector of kick

Criteria Right-footed kickers Left-footed kickers

Direction of kicker’s supporting foot .790** .718**
Kicker’s contact surface .431** .468*
Position of opposite arm to kicker’s kicking foot .283**
Start of kicker’s run-up in relation to the ball .222*
Speed of kicker’s run-up .234**
Match result .460*
Match score at the moment of the penalty .365*

** p<.001; *p<.05.
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the category “kicker’s supporting foot pointing to the left of the goalkeeper” and the 
shot being aimed at the “right sector” (z = 4.432); between the category “kicker’s 
supporting foot pointing to the middle of goalkeeper” and the shot going to the 
“middle sector” (z = 4.992); and between the category “kicker’s supporting foot point-
ing to the right of the goalkeeper” and the shot being aimed at the “left sector” (z =  
4.066).

Furthermore, a moderate relationship was obtained with the criterion “kicker’s con-
tact surface” (Cramer’s V = 0.468; p = 0.014); with the “match result” (Cramer’s V =  
0.460; p = 0.005); and with the “match score at the moment of the penalty” (Cramer’s V =  
0.365; p = 0.024). The results of the adjusted residuals analysis indicate a positive relation-
ship between the categories: contact surface “interior” and the shot going towards the 
“left sector” (z = 2.966); “match result drawn” and a shot towards the “left sector” (z =  
2.498); “match result lost” and the shot being aimed at the “middle sector” (z = 2.948); 
“match score winning” and a shot to the “left sector” (z = 2.307); “match score losing” 
and a shot to the “middle sector” (z = 2.438). Table 5 shows information relative to the 
adjusted residuals analysis.

7.2. T-patterns detected

Table 6 shows the T-patterns detected, by competition, with the search parameters and 
pre-set qualitative filters (Amatria et al., 2017) ordered according to the criteria that had 
high or medium intensity (Cramer’s V) in the association with the goal sector the shot is 
aimed at. It contains information relating to the zone the shot is directed at, the 
constituent T-pattern multi-events, the penalties in which it occurs and the mean of 
the internal intervals between multi-events: if the mean is equal to 1, the behaviours 
reflected in the T-pattern multi-events are consecutive, and therefore there are no 
interspersed behaviours; if it is equal to 2, there is an interspersed behaviour; etc. 
Furthermore, Figure 1 presents a graphical representation of each one of the 
T-patterns contained in Table 6.

Table 5. Local analysis of adjusted residuals depending on the foot used to take the shot and the goal 
sector the shot is aimed at. The value of the significantly adjusted residual is shown in brackets.

Left Sector Middle Sector Right Sector

Right Foot Direction of supporting foot: right (8.933) 
Contact surface: instep (3.815)Arm 
outstretched and open (3.735)

Direction of supporting foot: middle 
(9.766) Start of run-up: middle (3.290) 
Speed of run-up: fast (2.592)

Direction of 
supporting foot: 
left (9.221) 
Contact surface: 
interior (5.155) 
Arm close to 
body (4.400)

Left Foot Direction of supporting foot: right (4.066) 
Contact surface: interior (2.966) 
Match result: drawn (2.498) 
Match score: winning (2.307)

Direction of supporting foot: middle 
(4.992) Match result: lost (2.966) Match 
score: losing (2.438)

Direction of 
supporting foot: 
left (4.432)

INTERNATIONAL JOURNAL OF PERFORMANCE ANALYSIS IN SPORT 9



8. Discussion

What follows is a discussion of the results obtained from the data analyses (synchronic: 
Cramer’s V and adjusted residuals; and diachronic: T-pattern detection), done following 
the pre-set order in the record structure. The record structure, in addition to integrating 
contextual aspects (“competition”, “match time”, “match score” and “match result”) 
respects the diachrony present in a penalty kick: “start of the run-up in relation to the 
ball”, “goalkeeper’s actions prior to the kick”, “movements in the kicker’s run-up”, 
“length of kicker’s run-up”, “speed of kicker’s run-up”, “direction of kicker’s supporting 
foot” and the “position of the opposite arm to kicker’s kicking”. The information 
provided by these dimensions can be considered effective since it is within the decision- 
making margin that the goalkeeper has, allowing him to cover the goal with conviction 
depending on the direction of the penalty (Dicks et al., 2010; Savelsbergh et al., 2002); by 
the time the “contact surface” arrives it will be too late for the goalkeeper to anticipate 
where the ball will go (Hunter et al., 2022).

Table 6. T-patterns detected with the search parameters and pre-set qualitative filters.

N Significant Criteria Competition Zone T-pattern Penalties

Mean 
Internal 
Intervals

1 Direction of supporting foot- 
Position of opposite arm to 
kicker’s kicking foot- Speed of 
run-up- Start of run-up in 
relation to the ball

European 
Champ.

6 (((cec,tps,msd,mrps,sri cec,tps, 
msd,mrps,gc,sf,lkl,dsfl,oao) cec, 
tps,msd,mrps,rf,csi,gpl) cec,tps, 
msd,mrps,str,z6,rgb)

30–48 2-1-1

2 Direction of supporting foot- 
Position of opposite arm to 
kicker’s kicking foot- Speed of 
run-up

Copa América 6 (((ccam,tps,msd,mrps,sri ccam, 
tps,msd,mrps,mks) ccam,tps, 
msd,mrps,gc,ss, lkl,dsfl,oac) 
(ccam,tps,msd,mrps,rf,csi, 
gplccam,tps,msd,mrps,str,z6, 
rgb))

85–87 1-2-1-1

3 ((ccam,tps,msd,mrps,appl ccam, 
tps,msd,mrpsgc,ss, lkl,dsfl,oac) 
(ccam,tps,msd,mrps,rf,csi,gpl 
ccam,tps,msd,mrps,str,z6,rgb))

85–90 1-1-1

4 ((ccam,tpn,re,rfpn,gc,ss, lkl,dsfl, 
oac ccam,tpn,re,rfpn,rf,csi,gpl) 
ccam,tpn,re,rfpn,str,z6,rgb)

85-87-90 1–1

5 Contact surface- Ball trajectory European 
Champ.

1 ((cec,tps,msd,mrps,sri cec,tps, 
msd,mrps,gam)(cec,tps,msd, 
mrps,rf,csin,gpl cec,tps,msd, 
mrps,str,z1,rg))

16–27 1.5-2.5-1

6 Contact surface- Ball trajectory. European 
Champ.

4 ((cec,tps,msd,mrps,gml cec,tps, 
msd,mrps,rf,csi,gpr) cec,tps, 
msd,mrps,str,z4,rgb)

29-31-36 2.67–1

7 Asian Cup 4 ((ccas,tps,msd,mrps,sri ccas,tps, 
msd,mrps,gc)(ccas,tps,msd, 
mrps,rf,csi,gpl ccas,tps,msd, 
mrps,str,z4,rg))

106–110 1-2.5-1

8 Copa América 6 ((ccam,tps,msd,mrps,sri (ccam, 
tps,msd,mrps,gc ccam,tps,msd, 
mrps,rf,csi,gpl)) ccam,tps,msd, 
mrps,str,z6,rg)

76–77 1.5-2.5-1
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Figure 1. Graphical representation of the information contained in the multi-events that make up the 
detected T-patterns from the diachronic structure of the record. Contextual criteria are shown inside 
a rectangle.
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With regard to contextual aspects, in left-footed players, a medium intensity associa-
tion relationship was detected between the finishing sector of the kick and the “match 
score” at the moment the penalty is taken: when the kicker’s team is “winning” the 
association is with the “left sector”; whilst, if the team is “losing”, it is with the “middle 
sector”. This aspect was not found in any existing scientific literature, and so we consider 
it to be a discovery of this study. In penalty shootouts, the analysis of adjusted residuals 
shows activation in that the players – right and left-footed – kick the ball towards their 
natural side, in line with the results of Palao et al. (2010). For biomechanical reasons, the 
natural aiming side for players with a right-side dominance is the “left sector”, and that of 
players with a left-side dominance is the “right sector” (Navia & Ruiz, 2014).

In terms of the kickers’ behaviours that can provide relevant information for antici-
pating the goal sector the shot is aimed at, we found that, in right-footed kickers, from the 
first kicker behaviour reflected in the observation instrument’s record structure (criterion 
“start of run-up in relation to the ball”), relevant information is being generated that the 
goalkeeper can use to anticipate where the shot will be aimed. An associated relationship 
of low intensity was detected between the finishing sector of the kick and the “start of 
run-up in relation to the ball”. Williams and Griffiths (2002) confirmed that when 
directing a penalty kick towards the goal side corresponding to the dominant foot, the 
participants tended to approach the ball from a wider angle than when kicking with their 
non-dominant side. In this current research, we found an activation relationship between 
the start of the kicker’s run-up in relation to the ball “middle” and the finishing sector 
“middle”, and between the start of the kicker’s run-up in relation to the ball “left” and 
finishing sector “right”. Furthermore, regular behavioural structures were detected in the 
European Championship (T-Pattern with order number 1) and in Copa América 
(T-Patterns with order numbers 2, 3, 4 and 8) that reflect a start of the kicker’s run-up 
in relation to the ball “left” in penalties kicked towards the “right sector”.

Continuing with the diachronic structure of penalty kicks reflected in the observation 
instrument, we found that with right-footed kickers there is an activation relationship 
between the speed of the kicker’s run-up “fast” and finishing in the “middle sector”, 
which in left-footed kickers corresponds to a shot towards the “right sector”. In left- 
footed players, there is activation between the speed of the kicker’s run-up “slow” and the 
shot being aimed towards the “left sector”. The T-patterns with order numbers 2, 3 and 4 
detected in penalties taken in Copa América reflect the kicker’s approach with a run-up 
speed “slow” and the kick with contact surface “interior” in penalties aimed towards the 
“left sector”.

Experienced goalkeepers start to move about 50 ms before the kicker makes contact 
with the ball (Dicks et al., 2010), a fact that supports the importance of the information 
provided by the dimension “direction of kicker’s supporting foot”, that is found within 
the time margin the goalkeeper has to anticipate his movement and increase his success 
rate (Savelsbergh et al., 2002). In this criterion there is a high-intensity association 
relationship with the finishing sector, both in left- and right-footed kickers. The analysis 
of adjusted residuals specifies the association between direction of the kicker’s supporting 
foot “right” with a shot towards the “left sector”; direction of the kicker’s supporting foot 
“middle” with a shot towards the “middle sector”; and direction of the kicker’s support-
ing foot “left” with a shot towards the “right sector”. Furthermore, in the T-pattern with 
order number 1 (corresponding to the European Championship) and in the T-Patterns 
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with order numbers 2, 3 and 4 (corresponding to the Copa América) the “direction of 
kicker’s supporting foot” coincides with the finishing sector of the penalty. This result is 
in line with those of Li et al. (2015) and Nadal et al. (2018) who found a significant 
association relationship between the direction of the shot and the direction towards 
which the kicker’s supporting foot was pointing.

In this same time interval, corresponding to critical frame 2, another important 
reference is the “position of opposite arm to kicker’s kicking foot”. In right-footed 
players, a low-intensity association relationship was detected with the goal sector 
the kick is aimed at. From the local analysis of adjusted residuals, an activation 
emanates between the category “arm outstretched and open” and the finishing “left 
sector”, and of “arm close to body” with finishing “right sector”. Furthermore, in 
T-patterns with order numbers 2, 3 and 4 (Copa América) it can be seen how 
kickers who kick the ball with their “arm close to the body” aim the ball towards 
“zone 6”, corresponding to the finishing “right sector”. These results are consistent 
with those of Nadal et al. (2018) – a player who kicks the ball with his arm 
outstretched and in abduction tends to aim towards the sector that corresponds to 
that arm – and Buscà et al. (2022) – the probability that a right-footed player aims 
the ball towards the “left sector” increases when the non-dominant arm is out-
stretched and in abduction; and, by contrast, if the arm is close to the body there 
is an increased probability of the shot being aimed towards the right sector.

In the final moment of the diachronic structure of the record, we detected 
a medium intensity association relationship between the finishing sector of the 
shot and the “contact surface” used by both right- and left-footed kickers. This is 
the last reference that the goalkeeper will have to be able to predict where the shot 
will be aimed, if the ball is not travelling very fast and is not very accurate. To be 
more exact, penalty kicks tend to be weaker and more imprecise (Van der Kamp,  
2006, 2011) when the goalkeeper is facing a kicker who uses a strategy dependent 
on the goalkeeper, i.e. assessing the goalkeeper’s behaviour before deciding where 
to aim the kick – a strategy adopted by 27.34% of the kickers (Noël et al., 2021). 
In terms of the adjusted residuals, the association is specified in that the players – 
whether they be right or left-footed – use the inside of their foot to direct the shot 
towards their natural side: when taking a penalty with the inside of their foot, left- 
footed kickers aim towards the “left sector,” while players with a dominant right- 
side aim towards the “right sector”. The above information is complemented by 
that provided by the constituent T-pattern multi-events with order number 1 
(European Championship) and of the T-patterns with order numbers 2, 3, 4 and 
8 (Copa América), in which the kicker uses the contact surface “interior” in shots 
aimed towards “zone 6” – finishing “right sector”. An association relationship has 
also been found in right-footed players who use their “instep” as the contact 
surface, with the shot being directed towards the “left sector”; this information 
is complemented by that provided by the T-pattern with order number 5 
(European Championship) in which right-footed players kick with their instep in 
shots aimed towards “zone 4”, corresponding to the “left sector”.
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9. Conclusion

Two aims have been fulfilled in this research work. Firstly, an observation instrument 
was designed – for which evidence of reliability, validity and generalisability has been 
provided – to analyse the interaction between the kicker and the goalkeeper in a penalty 
kick, allowing the goalkeeper and coaching technicians to extract relevant information 
for predicting the direction of the kick. Secondly, as proof of the operability of the 
observation instrument, an observational analysis was carried out of the interaction 
between kickers and goalkeepers in the penalties taken in international team competi-
tions held between 2019 and 2021. The high vertebration of the observation instrument 
means that the records achieved are a reliable register of the interaction between the 
kicker and the goalkeeper, but the consequential variability of each event (record row) 
limits the possibility of detecting T-patterns per competition. In this sense, our intention 
was to address in future works the specificity of shots taken in penalty shootouts 
regardless of the competition in which they occur. These findings provide relevant 
information about the zone – or sector – of the goal that the shot is aimed at from 
information contained in contextual dimensions and in which they configure the dia-
chronic structure of the observation instrument. Thus, technicians and goalkeepers will 
be able to address the decision-making process by focusing on certain dimensions that 
this study deems relevant: “match time”, “match score”, “start of kicker’s run-up in 
relation to the ball”, “speed of kicker’s run-up”, “direction of kicker’s supporting foot”, 
“position of opposite arm to kicker’s kicking foot”, and “kicker’s contact surface”
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