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This study investigated the offside decision-making process in association football. The first aim was to
capture the specific offside decision-making skills in complex dynamic events. Second, we analyzed the
type of errors to investigate the factors leading to incorrect decisions. Fédération Internationale de
Football Association (FIFA; n ! 29) and Belgian elite (n ! 28) assistant referees (ARs) assessed 64
computer-based offside situations. First, an expertise effect was found. The FIFA ARs assessed the trials
more accurately than the Belgian ARs (76.4% vs. 67.5%). Second, regarding the type of error, all ARs
clearly tended to raise their flag in doubtful situations. This observation could be explained by a
perceptual bias associated with the flash-lag effect. Specifically, attackers were perceived ahead of their
actual positions, and this tendency was stronger for the Belgian than for the FIFA ARs (11.0 vs. 8.4
pixels), in particular when the difficulty of the trials increased. Further experimentation is needed to
examine whether video- and computer-based decision-making training is effective in improving the
decision-making skills of ARs during the game.
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The exceptional cognitive abilities of experts, including percep-
tion, memory encoding, anticipation, and the construction of men-
tal representations, have already been studied intensively in a wide
range of skilled activities and on multiple levels of cognition such
as music, medical diagnosis, physics, computer programming, arts
and sciences, chess, and sports (for a review, see Ericsson, 2005;
Ericsson & Kintsch, 1995; Kalakoski, 2007; Norman, 2005). In
particular, the study of sports expertise is a viable way to learn
more about the way experts in a variety of fields are able to
achieve such a level of skill that they become among the best in the
world. In this regard, the expert performance approach, as origi-
nally presented by Ericsson and Smith (1991), resulted in numer-
ous studies over the last decades. Using their paradigm, a range of
perceptual and cognitive characteristics of expert performers has
been identified in various sports such as field hockey (Helsen,

Starkes, & Hodges, 1998; Starkes, 1987), wrestling (e.g., Hodges
& Starkes, 1996), basketball (Starkes, Allard, Lindley, & O’Reilly,
1994), and association football (soccer in North America; Helsen
& Starkes, 1999; Helsen et al., 1998; Williams & Davids, 1995).

Typically, the expert performance approach consists of three
phases of investigation to analyze and identify the underlying
mechanisms mediating sports expertise. The first step is to elicit
expert–novice differences with the aim of capturing domain-
specific skills during representative tasks. In this respect, the
ability to use a controlled and observable environment to differ-
entiate between performers of different skill levels is essential. The
next step is to identify the mechanisms that are responsible for
experts’ superior performance using a standard methodology in
laboratory settings. The final step involves accounting for the
acquisition and learning of these mechanisms leading to superior
performance.

In the expertise research, no evidence of transfer of key role-
related skills has been provided. For example, players and referees
in football need the same declarative knowledge about the goals
and the laws of the game to play the game. However, on the field
of play they have a specific task according to the role they are
fulfilling. Specifically, players constantly have to transfer their
decisions into technical skills and tactical solutions, whereas ref-
erees mainly have to use their perceptual–cognitive skills for
making correct and consistent game-related decisions. Therefore,
it is difficult to generalize the knowledge that evolved from the
expertise research on athletes to referees.

The existence of these domain-specific core skills in sports
settings was identified a few years ago by Allard, Parker, Deakin,
and Rodgers (1993) who concluded that basketball referees per-
formed better than basketball coaches and players on referee-
specific tasks such as knowledge of the rules and a foul detection
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task. These authors concluded that the acquisition of domain-
specific core skills depends on the specific role someone fulfills on
the field of play. MacMahon, Helsen, Starkes, and Weston (2006)
also examined sports expertise in football as a function of role
specificity. These authors observed that referees show superior
performance in a referee tackle assessment task in comparison to
players. Along the same lines, Gilis, Weston, Helsen, Junge, and
Dvorak (2006) examined the need for an improvement in the
refereeing standard to reduce the incidence of player injuries
during football matches. Compared to players, coaches, and phys-
iotherapists, who were all involved in professional football, refer-
ees performed significantly better on a video-based tackle assess-
ment task with player-to-player contact incidents leading to player
injuries. Furthermore, the differences between the panel of referees
and the other expert panels became greater when the complexity of
the situations increased. This was especially the case for the
player-to-player contact incidents leading to disciplinary cautions
such as yellow or red cards.

The identification of these specific refereeing decision-making
skills is essential to create tailor-made training programs and to
provide optimal opportunities to learn the job. In this respect, the
important contribution of deliberate practice in becoming an expert
in decision-making and dealing with the overwhelming
perceptual–cognitive demands during match play has already been
shown in literature. Ericsson, Krampe, and Tesch-Römer (1993)
have suggested that individuals have to take part in 10,000 hr to
reach an international expert level. Helsen et al. (1998) have
shown that this corresponds to at least 10 years of deliberate
practice. Nowadays, most training programs for referees focus
mainly on the physical demands, and practice sessions to fulfill the
perceptual–cognitive objectives are limited. Thus, regarding the
development of these perceptual and decision-making skills, ref-
ereeing can be seen as a practice-poor environment. MacMahon et
al. (2006) have provided further support for this observation using
deliberate practice questionnaires to investigate the training activ-
ities of elite referees. Indeed, referees indicated that refereeing
games is much more relevant to learning the specific skills than
structured perceptual–cognitive training sessions. Refereeing a
game is seen as a significant activity to gain and refine skills.

Previous research showed that a top-class referee makes three or
four visible decisions per minute throughout a match (Helsen &
Bultynck, 2004). Compared to the referees, an assistant referee is
much less exposed or involved in refereeing actions. During match
play, the major responsibility of an assistant referee is assessing
offside situations. According to the offside law (Law 11; Fédéra-
tion Internationale de Football Association [FIFA], 2007/2008), a
player is in an offside position if (Figure 1A):

He is nearer to his opponents’ goal line than both the ball and the
second last opponent. A player in an offside position is only penalized
if, at the moment the ball touches or is played by one of his team, he
is, in the opinion of the referee, involved in active play by interfering
with play, interfering with an opponent or gaining an advantage by
being in that position. (p. 35)

The definition of an offside position has recently been updated as
follows:

Nearer to his opponents’ goal line means that any part of his head,
body or feet is nearer to his opponents’ goal line than both the ball and

the second last opponent. The arms are not included in this definition.
(p. 36)

Retrospective video analyses of all the offside situations during
the 2002 FIFA World Cup in Japan and Korea revealed that 26.2%
of all the offside incidents over a total number of 64 matches were
assessed incorrectly (Helsen, Gilis, & Weston, 2006). A similar
error percentage was found by Oudejans et al. (2005) for the
offside situations in which the distance between the attacker and
second last defender was less than 1 m in four matches from the
Dutch national league.

Several reasons have been proposed that may affect the quality
of the offside decisions. First, fatigue is considered as an important
factor leading to incorrect decisions. Krustrup, Mohr, and Bangsbo
(2002) have found that the sprint performances of assistant refer-
ees decrease toward the end of the game. Evidently, this may
impact the assistant referees’ ability to keep up with play, as he or
she has to stay as precisely as possible on the offside line through-
out the game. However, Helsen et al. (2006) revealed that offside
errors did not increase as the match progressed. During the 2002
FIFA World Cup, the error percentage was the highest during the
first 15 min of the game. These authors suggested that assistant
referees need some time to perceptually adjust to the movements
of the defenders and attackers who are near or on the offside line.
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Figure 1. A: Attacker A is in an onside position because he is behind the
offside line. Attacker B is in an offside position because he is nearer to the
opponents’ goal line than both the ball and the second last defender. The
optical error hypothesis, as proposed by Oudejans et al. (2000, 2005),
suggests that assistant referees (ARs) make an incorrect offside decision
because of a wrong position relative to the offside line. Specifically, when
an AR is leading the offside line (Figure 1a), more flag errors (FEs) are
made on the opposite side of the second last defender because the attacker
is perceived as being ahead of the offside line from this incorrect position.
In the same way, more nonflag errors (NFEs) occur on the near side
because the attacker is not longer perceived as being ahead of the offside
line. On the other hand, when the AR is trailing the offside line (Figure 2b)
more FEs appear on the near side, whereas more NFEs are observed on the
opposite side of the second last defender.
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Second, Sanabria et al. (1998) investigated the difficulty of offside
decision making. These authors observed that the assistant referee
cannot see the passer and the attacker simultaneously. The assis-
tant referees have to make a shift of gaze, so that the position of the
players is assessed with a time delay of 80–100 ms, the time
needed to make an eye movement from the player who passed the
ball to the attacker receiving the ball. Third, the quality of the
offside decision making may also be affected by the speed of
locomotion. Oudejans et al. (2005) showed that an assistant referee
makes more mistakes when he or she is running or sprinting,
compared to walking or jogging.

Fourth, Oudejans et al. (2000, 2005) examined biases in offside
decisions and suggested the optical error hypothesis to explain
these mistakes. These authors differentiated between two types of
errors when judging offside situations. On the one hand, assistant
referees may raise their flag while the attacker is not in an offside
position when the ball is passed (i.e., flag error [FE]). On the other
hand, they may make a nonflag error (NFE) when they do not raise
their flag, while the attacker is in an offside position at the moment
the ball is passed. Oudejans et al. (2000, 2005) showed that the
position of the assistant referee in relation to the offside line has a
significant impact on the offside judgment. These authors sug-
gested that the type of errors can be explained by an inappropriate
position and corresponding angle of view, that is, trailing or
leading the offside line. When the assistant referee is leading the
offside line, more FEs will be made when the attacker is on the
opposite side of the second last defender and more NFEs when the
attacker is on the near side (Figure 1A). Contrary to this, when the
assistant referee is trailing the offside line, more NFEs are ex-
pected when the attacker is on the opposite side of the second last
defender and more FEs will be found when the attacker is on the
near side (Figure 1B).

Finally, Baldo, Ranvaud, and Morya (2002), who reanalyzed the
same data set of Oudejans et al. (2000), suggested the flash-lag
effect to explain the errors in judging offside. The flash-lag effect
is defined as a moving object that is perceived as spatially leading
its real position at an instant defined by a time marker (usually a
briefly flashed stimulus; Nijhawan, 1994). The underlying mech-
anisms associated with the mislocalization errors due to the flash-
lag effect are not fully understood. Two possible hypotheses have
been proposed. First, the latency difference model proposes that
different kinds of neural signals are processed at different speeds
(Krekelberg & Lappe, 2001; Whitney, Murakami, & Cavanagh,
2000). The second hypothesis, known as the motion-biasing
model, is based on spatial rather than on temporal mechanisms and
indicates that judging the position of a moving object is biased on
the motion signals that follow (Eagleman & Sejnowski, 2000,
2007). Baldo et al. (2002) were the first to apply this perceptual
illusion to the domain of football. In an offside situation, the
attacker who receives the ball is a moving object and is perceived
ahead of his or her actual position at the moment the ball is played
because of the flash-lag effect (Figure 2A). This results in an
overall bias toward FEs in comparison with NFEs. Additionally, it
has been shown that the proportion of NFEs to FEs observed on
the opposite side of the second last defender was smaller compared
to the proportion between FEs and NFEs on the near side of the
second last defender (Figure 2B). Therefore, these authors con-
cluded that assistant referees misjudge offside situations not only

because of a positioning error relative to the offside line but also
because of a perceptual error associated with the flash-lag effect.

Helsen et al. (2006, 2007) further discriminated between the
optical error and the perceptual flash-lag hypothesis and used a
new data set that consisted of all the offside situations during the
2002 FIFA World Cup. In this study, evidence was found to
support the flash-lag effect in several ways. First, many more FEs
(86.6%) than NFEs (13.4%) were found. Second, more FEs than
NFEs were found on the near side of the second last opponent.
Third, there was no significant difference between the correct and
incorrect decisions in terms of the positioning of the assistant
referee.

From a theoretical point of view, offside decision making is an
interesting topic. First, it challenges the human information pro-
cessing system as decisions under time pressure must be made
about specific events according to a complex rule, which must be
judged in the context of a complex spatiotemporal event with
many relevant components. Therefore, this study may contribute to
the understanding of the perceptual processing of complex dy-
namic scenes such as driving tasks in traffic situations. Further-
more, the spatial localization of stimuli is often quite important in
contexts where perception is involved in ongoing actions. It has
already been shown that people confuse their perceptual perspec-
tive with the physical situation that they are mentally representing
in catching tasks (Schaffer & McBeath, 2005) and other intercep-
tive tasks (Le Runigo, Benguigui, & Bardy, 2005). Second, within
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Figure 2. According to the flash-lag hypothesis, as suggested by Baldo
et al. (2002), the moving attacker is perceived ahead of his actual position.
In this case, the assistant referee (AR) makes in general more FEs (Figure
2a). Given the fact that an AR is ahead of the offside line most of the time
(Helsen et al., 2006; Oudejans et al., 2000) and the flash-lag effect (FLE)
comes into play, the areas of the FEs and NFEs will be no longer
symmetrical. The area of FEs is increased, whereas the area of NFEs is
reduced. FEs due to the FLE is an additional area of FEs caused by the
FLE. In a similar way, flag due to FLE defines an area where NFEs are no
longer likely, again because of the flash-lag effect (Figure 2b).
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the expertise approach, it is also interesting to study decision-
making skills of assistant referees in more detail, because they do
not have access to technical and perceptual training sessions to
gain and refine their decision-making skills. Previous research
indicated that most of the refereeing skills are learned during the
game, and therefore the actual game is perceived as the best way
of training (MacMahon et al., 2006). In the specific case of offside
situations, this is problematic because the number of opportunities
given to assistant referees to improve their offside decision-
making skills from match situations is limited; there is only a
limited number of challenging offside situations during actual
match play. This practice-poor culture can be found in other
domains such as in medicine when physicians have to decide
whether a tumor is present or not or in airport security when an
inspector who examines x-ray carry-on luggage has to decide
whether or not there is something dangerous. More knowledge
about offside decision making can therefore also expand to con-
tribute to a better understanding in other practice-poor domains.

From a practical perspective, an incorrect decision of an assis-
tant referee may have a highly significant impact because it is
often crucial in situations that may lead to a goal; the number of
goals in national and international matches is limited but may have
important financial consequences for the teams. The increasing
number of delayed video analyses during and after the matches
clearly show the errors made by the assistant referees even more so
than ever before, and thus everyone is able to reevaluate the
decisions for themselves.

In the present study, we were interested to further investigate
decision-making skills of assistant referees following the first two
steps in the expert performance approach. First, a laboratory task
of complex dynamic events was designed to capture specific
offside decision-making skills, which allowed to distinguish be-
tween a group of international and national assistant referees. We
created a well-controlled data set of offside situations presented as
computer animations in such a way that it was possible to control
for some variables that interfere with an incorrect decision such as
positioning error as suggested in the optical error hypothesis,
fatigue, and speed of locomotion. The second step of the expert
performance approach is to investigate the underlying processes in
offside decision making and examine the errors in judging offside.
An important contribution to such an investigation can be made
when one is able to present a number of well-controlled situations
in which some potentially relevant factors are manipulated. More-
over, to get a better understanding of the factors contributing to the
typical errors associated with offside decision making, we asked
the participants not only to make a decision but also to mark the
position of the receiving attacker and the second last defender at
the moment the ball was passed on a standardized representation of
the field of play. The recall paradigm has been applied in cognitive
problem-solving tasks such as chess (Chase & Simon, 1973).
Recently, it has been applied in studies examining pattern recog-
nition and expectation of play in team sports settings (Abernethy,
Baker, & Côté, 2005; Ward & Williams, 2003). In the present
study, referees’ recall of the attacker and defender involved in the
offside situation was not so much used to measure the assistant
referees’ ability to anticipate or recognize patterns of play but
rather to get a better understanding of how they perceive and
assess the position of moving players. Put differently, the recall

performance may give an indication of the quality of the mental
picture of a given situation.

More specifically, the first aim of this study was to examine
whether it is possible to identify and capture specific offside
decision-making skills in complex dynamic events using computer
animations. In this regard, it was expected that international FIFA
assistant referees, who were all selected as being the best in the
world, would perform better than Belgian elite assistant referees
officiating in the highest national league in Belgium, both in terms
of the number of correct decisions and the recall accuracy. These
two expert groups were chosen above a novice–expert paradigm to
test whether the offside decision-making task was able to differ-
entiate between the highest levels of expertise of assistant referees.
Moreover, in addition to the obvious advantage of experimental
control, the use of computer animations involved a change in
perspective from the sideline in the normal field situation to an
aerial perspective in the laboratory task, which implies that the
offside decision-making skills can be assessed with respect to their
more general online perceptual–cognitive components rather than
a mere recollection of specific cases stored in the experts’ database
of memories. In this regard, it has been shown that the recognition
accuracy of episodes of football matches from different viewpoints
decreases for views that are further away from familiar point of
views (Garsoffky, Schwan, & Hesse, 2002). However, these au-
thors also showed that people develop a cognitive representation
when they observed a football episode from a particular point of
view and matched this original point of view with a new view-
point.

The second aim of this study was to investigate the type of
errors made in this laboratory offside decision-making task as a
function of several, well-controlled factors. If the flash-lag effect
comes into play when referees judge offside during real-life
matches, then this should also appear in a well-controlled labora-
tory offside decision-making task. In line with the flash-lag effect,
the attacker would be perceived ahead of his actual position in the
direction of his motion. In this regard, the position of the attacker
relative to the offside line was manipulated as well as the action of
the defender at the moment the pass was given. Specifically, the
attacker was positioned 20 or 10 pixels behind the offside line, on
the offside line (0 pixels), and 10 pixels ahead of the offside line.
Evidently it is much more difficult to assess the position of an
attacker when he is aligned with the second last defender com-
pared to the trials with the attacker ahead or behind the second last
defender. Based on the distance only, an equal number of errors
would be expected when the attacker is 10 pixels ahead or behind
the second last defender. However, if the flash-lag effect appears
when offside is being judged, the attacker would be perceived
ahead of his actual position in both conditions; therefore it should
be easier to see the offside position when the attacker is 10 pixels
ahead of the offside line and more difficult to see the onside
position when the attacker is 10 pixels behind the offside line.
Hence, more errors were expected when the attacker was 10 pixels
behind the offside line, compared to the trials with the attacker 10
pixels ahead of the offside line. We also manipulated the action of
the defender in such a way that he was either not moving (static
condition) or was moving but in the opposite direction of the
attacker (dynamic condition). Also during real-life games, defend-
ers run in the opposite direction of the attacker to bring the attacker
in an offside position. It was expected that more errors were made
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when the defender moved in the opposite direction of the attacker
compared to the trials with a static defender. To examine the type
of errors in more detail and to further investigate the flash-lag
effect, we asked the participants to recall the position of the
attacker and the defender at the moment the ball was played.

Method

Participants

The FIFA assistant referees were all experienced FIFA top-class
assistant referees (n ! 29; mean age ! 39.2 years, SD ! 4.6,
range ! 28.9–45.1) selected worldwide as candidates nominated
for the 2006 FIFA World Cup in Germany. Their mean experience,
in terms of number of years on the FIFA list, was 7.52 years (SD !
4.67, range ! 1–20). These assistant referees appointed to the
FIFA list have to fulfill some major criteria. First, the selection is
based on the referees’ performances during the actual matches.
Therefore, marks based on match reports, using standardized pro-
tocols, are provided after every international match. Second, the
appointment to the FIFA list also depends on the referees’ fitness
level. The assistant referees have to pass a specific annual fitness
test in their national association before any FIFA tournament.
Third, because the common language during courses and tourna-
ments is English, the FIFA assistant referees are also tested on
their English language skills. The last criterion is age. National
associations can only nominate assistant referees younger than 38
years, because assistant referees have to retire at an age of 45
years. The data presented in this study were collected during
different final rounds of international FIFA tournaments, which
represent the highest standards of football played in the world such
as the 2005 FIFA Confederations Cup in Germany (n ! 12), the
2005 FIFA World Championship U-17 in Peru (n ! 8), and the
2005 FIFA Club Teams World Championship in Japan (n ! 9).
Two Belgian elite assistant referees, who were also nominated for
the 2006 FIFA World Cup in Germany, were considered as FIFA
assistant referees for the analysis.

The Belgian elite assistant referees (n ! 28; mean age ! 37.8
years, SD ! 4.5, range ! 27.9–45.7) were all active at the highest
level of professional football in Belgium. Their mean experience,
in terms of number of years at this level, was 3.54 years (SD !
2.86; range ! 1–10). The data were collected during a regular
course for assistant referees in Leuven, Belgium, on two separate
testing occasions.

No significant differences were found between the age of the
FIFA and Belgian elite assistant referees, t(55) ! 1.146; p ! .25,
d ! 0.21. However, the FIFA assistant referees had significantly
more experience at an international level compared to the experi-
ence of the Belgian elite assistant referees on a national level,
t(55) ! 3.86; p ! .0003, d ! 1.02.

Previous research has shown that before being appointed to the
FIFA list the referees had formally officiated, on average, 16.4
years (MacMahon et al., 2006). Furthermore, as they became more
expert, referees also committed more time and became involved in
a greater variety of training activities (MacMahon et al., 2006).
These authors also showed that referees specialized early and, as
they developed, they were engaged in greater volumes and types of
training. In the present study, the major differences between the
FIFA and the Belgian assistant referees were that the FIFA assis-

tant referees were appointed to higher level matches, they had
more access to (video) feedback of their own and other referees’
performances, and they were regularly provided with specialized
training sessions on and off the field. As such, it is anticipated that
the expertise-related effects in judgment and recall of offside
situations in the present study are primarily associated with referee
experience.

After brief explanations as to the nature of the investigation,
written consent was obtained from the FIFA and the Belgian
referees’ committee. The study was designed and conducted in
accordance with the ethical standards laid down in the 1964
Declaration of Helsinki and approved by the Committee for Eth-
ical Considerations in Human Experimentation of the Faculty of
Kinesiology and Rehabilitation Sciences from the Katholieke Uni-
versiteit Leuven.

Task and Apparatus

For this laboratory offside assessment task, computer anima-
tions of offside situations were created using the software program
Macromedia Flash MX Professional 2004 (version 7.2). Based on
the proportions of a football field according to the laws of the
game (FIFA, 2007/2008), a standardized football field was drawn
(605 " 290 pixels). Red-colored attackers and yellow-colored
defenders were created (6.8 " 20.9 pixels) in such a way that they
could move in all possible directions with various speeds. We
created 64 three-a-side computer animations that consisted of eight
typical patterns of play all resulting in a potential offside situation.
In every animation, three attackers were playing against two de-
fenders and one goalkeeper. As can be seen from Figure 3, all
computer animations were presented from a top-view perspective.
The computer animations were created with a frame rate of 9
frames per second. Within this frame rate, the participants expe-
rienced the movement of the ball and the players as continuous
motion, and they were not able to distinguish between individual
frames. This velocity was based on a preceding pilot study, where
similar computer animations with different velocities were pre-
sented to assistant referees with a similar level of expertise. After
testing, they indicated that the animations produced with this
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Figure 3. Manipulation of the four positions of the attacker relative to
the offside line.
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velocity were quite comparable with the typical velocities of the
attackers and the defenders during an actual game.

To study in more detail the problems associated with offside
decision making, the position of the attacker relative to the offside
line was experimentally manipulated in four conditions, that is, in
terms of the number of pixels between the attacker and the offside
line at the moment the ball was passed. For the trials with the
attacker in an onside position, the attacker was 20 pixels (#20
pixels) and 10 pixels (#10 pixels) behind the offside line or on the
offside line (0 pixels). In this latter manipulation, the attacker was
exactly in line with the second last defender. For the trials with the
attacker in an offside position, the attacker was 10 pixels ($10
pixels) ahead of the offside line. In a previous pilot study, we also
used the position with the attacker 20 pixels ahead of the offside
line. However, we observed that the assistant referees with the
same level of expertise as in the present study made no errors in
this category. Because these trials were too easy and one of the
aims was to investigate the errors in judging offside, it was decided
to exclude this category in the present study. In Figure 3, an
overview is given of the four different spatial positions of the
attacker relative to the offside line.

We also experimentally manipulated the action of the defender
at the moment the pass was given. In the first condition, with a
static defender, the receiving attacker moved toward the goal and
the defender stood still at the precise moment the ball was played.
In the second condition, with a dynamic defender, the attackers
moved as before and the defenders now moved in the opposite
direction of the attackers. Moreover, to make the situations unpre-
dictable, we varied for each of the eight patterns of play some
aspects of the spatiotemporal events, such as the vertical distance
between the receiving attacker and the defender, as well as the
velocity and the spatial position where the offside situation oc-
curred. For each pattern of play, these properties are mentioned in
Table 1. However, within each of the eight patterns of play we
experimentally manipulated both the position of the attacker rel-
ative to the offside line (#20, #10, 0, $10 pixels) and the
movement of the defender (static vs. dynamic). All together, this
resulted in 64 trials (eight patterns of play by four attacker posi-
tions by two defender actions). These variables as presented in
Table 1 were not included in the experimental design. All offside
animations first started with a pass from one attacker to another,
then this player returned the ball to one of his teammates. The final

pass was always given by the player in the center circle to one of
the attackers who was in a potential offside situation. The attackers
and defenders already moved on the field of play before the pass
was given. At the moment of the pass, the players did not disap-
pear, but the flow of the play continued like in a real game offside
situation. In none of the various trials were referees nor assistant
referees included as part of the displays to avoid any possible
confusion between the rendered and the actual situation. The
participants were not informed about any of these manipulations.

For the purposes of this study, all computer animations were
produced in such a way that the decision whether or not to call for
an offside was primarily and solely an offside decision as de-
scribed in the original offside law. As we wanted to assess the
offside decision-making skills in their original concept, we did not
consider the second-order decisions regarding active play, as de-
scribed in the introduction.

Procedure

The participants were tested in small groups, varying from 8 to
16 participants. To avoid any bias from an incorrect position, the
participants were seated in front of a screen (2.60 " 3.60 m) on
which the trials were projected with an LCD projector (EIKI
Boardroom projector LCX 1100; EIKI International, Inc., US).
None of the participants were seated outside the edges of the
screen to keep the viewing angle small (12°–17°).

First, standardized instructions were read to the participants.
Before the start of the test, five familiarization trials were given,
with similar speed levels as during the test. A blue circle appeared
for 1 s around the ball in the beginning of the animation to draw
attention to it and to ensure that the participants were concentrated
on the task. To indicate their decisions, every participant had an
individual response box with four buttons: 1 ! clearly no offside,
2 ! probably no offside, 3 ! probably offside, 4 ! clearly offside.
The participants viewed a trial, made a covert decision at the
moment the ball was played, and then pressed the appropriate
button corresponding to their decision and the degree of certainty.
The participants were not instructed to respond as quickly as
possible but rather as accurately as possible. After every exposure,
the participants were given a maximum of 10 s to give an answer
using the response box. These responses were registered automat-
ically. Immediately afterward, the participants were instructed to

Table 1
Properties of the Three-a-Side Computer Animations for the Eight Typical Patterns of Play for Each of the Eight Experimental
Conditions (4 [attacker positions] " 2 [defender actions])

Conditions

Pattern of play

1 2 3 4 5 6 7 8

Velocity of the attacker (pixels/frame) 23.1 16.3 11.5 6.8 10.1 14.0 15.1 17.2
Velocity of the ball (pixels/frame) 40.3 51.8 21.7 25.8 28.5 29.7 35.4 32.0
Velocity of the dynamic defender (pixels/frame) 4.9 5.0 5.6 5.7 7.5 3.2 5.7 5.9
Vertical distance between the attacker and the

defender (number of pixels) 44.7 49.8 48.0 35.3 35.3 19.0 42.9 44.1
Distance between the attacker and the ball

(number of pixels) 149.6 110.2 132.4 139.8 142.6 146.5 196.2 141.1
Time of the pass (seconds) 3.0 2.5 2.2 2.2 1.7 2.1 2.6 2.0
Total duration (seconds) 4.1 3.6 3.7 3.8 3.2 3.3 3.5 3.5
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recall the positions of the attacker and defender involved in the
offside situation on a replication of the field of play (21.5 " 15
cm). They were asked to do so for both onside and offside
positions of the attacker. Specifically, they had to mark the players
involved in the action with a red X to represent the location of the
attacker and a green X to represent the defender. The next trial was
shown 30 s after the previous one.

In summary, three-a-side computer animations were created
where three attackers were playing against two defenders and a
goalkeeper. In Table 1, an overview is given of the properties of
the three-a-side computer animations. To make it less abstract and
to give some more information about the value of a pixel, the
distance between the goal line and the halfway line corresponds to
302.5 pixels and the distance from the goal line to the penalty box
corresponds to 91.5 pixels (see Figure 3). The field and the players
as represented in Figure 3 were drawn on the same scale as those
shown in the actual computer animations.

Design

We created eight different computer animations for every con-
dition in the Defender Action (static, dynamic) " Position (#20,
#10, 0, $10 pixels) design. These 64 computer animations were
presented in two sets of 32 animations with a break of 5 min in
between the two exposures. The computer animations were pseu-
dorandomized in such way that each set of 32 trials consisted of an
equal number of static and dynamic conditions. The different
spatial positions of the attacker relative to the offside line (#20,
#10, 0, and $ 10 pixels) were also equally divided over the two
exposures. The total testing session lasted 45 min.

Data Analysis

Inter- and intraobserver reliability. Four different observers
analyzed the sheets with the recalled positions of the attacker and
the defender. To first test the interobserver reliability, these four
observers analyzed the same 32 trials of the first exposure of the
same participant. Then, the interobserver reliability was calculated
using an intraclass correlation coefficient (ICC). Also, one ob-
server measured the same 32 trials twice to assess the intraobserver
reliability. This measure of reliability was also calculated with an
ICC.

Test–retest reliability. One FIFA assistant referee as well as
one Belgian assistant referee were exposed twice to the same 64
trials on two separate testing occasions. To assess the test–retest
reliability or intrarater reliability for the offside decisions, the
agreement between the first and the second exposure was first
expressed as a percentage. Additionally, Yule’s Q was used to
further reveal the association between the two exposures. Yule’s Q
scores range from #1.0 to 1.0, with #1.0 representing an inverse
correlation and 1.0 representing a highly positive correlation be-
tween the two exposures. A score of 0.0 represents no correlation
between two events. To assess the test–retest reliability of the
experimental recall setup, the recall accuracy between the two test
occasions was compared and the ICC was calculated.

Consensus. The consensus or interrater reliability refers to the
extent to which the different participants agree for any given trial.
For each of the panels involved, the interrater agreement scores
were calculated as follows: number of participants who agree for

one trial divided by total number of answers given by the partic-
ipants.

If, for example, in Trial 1, 25 out of 29 assistant referees made
the same decision, the level of agreement between the assistant
referees for Trial 1 would be 86.2%. A t test for independent
samples was used to compare the differences between both groups.

Response accuracy. The responses of the assistant referees
were transformed into “yes” and “no” responses. When the par-
ticipants answered 1 or 2, this was categorized as “no offside”; on
the other hand, when they responded 3 or 4, this was categorized
as “offside.” Based on the actual decisions of every assistant
referee, correctness scores were calculated and expressed as per-
centages. These data were analyzed using a Panel (FIFA, Belgian
elite) " Defender Action (static, dynamic) by " Position (#20,
#10, 0, $10 pixels) repeated measures analysis of variance
(ANOVA) with defender action and position as within-subject
factors. Signal detection theory was used to analyze the perfor-
mance of the participants on the offside test using the response
box. Based on the proportion of the hits (flag signal when the
attacker was in an offside position, i.e., correct flag) and the false
alarms (flag signal when the attacker was in an onside position,
i.e., flag error), the sensitivity index (d%) was calculated. When d%
! 0, the participants were not able to recognize an onside or
offside position of the attacker. On the contrary, when d% differed
significantly from zero, the participants could clearly discriminate
between offside and no offside. In line with Macmillan and Creel-
man (2005), 95% confidence intervals (95% CI) were calculated
and used to determine whether the d% values were significantly
from zero. We also calculated the response bias (reported as
criterion c), and we were particularly interested to investigate
whether the assistant referees preferred to flag or to keep their flag
down in case of doubt. Criterion (c) equals zero when the false
alarm rate and the miss rate (no offside given when the attacker
was in an offside position, i.e., nonflag error) are the same. When
c is negative, there is a favor to give more offsides, whereas
positive values indicate that the referees keep their flag down more
frequently in doubtful situations.

Recall error. For the recall data, a scanner (HP scanjet 5530;
Hewlett-Packard Development Company, US) and a tailor-made
software program were used to measure and to compare the
position of the recalled players with the actual player positions as
presented in the animations. For each trial, the sheets with the
recalled positions of all the participants were scanned. Then the
actual player positions were overlayed on top of the scanned
sheets. The overlay was translucent, so that the recalled and the
correct positions of the players could be seen at the same time.
Three points were marked, namely the offside line, the recalled
position of the attacker, and the recalled position of the defender.
We were particularly interested in the distance between the at-
tacker and the defender compared with the actual distance of the
attacker and defender in the real offside situation (1 pixel corre-
sponded to 0.31 mm). The participants were instructed to first
recall and draw the defender, as the defender’s position should
mark the actual offside line. Using this position of the defender as
the reference point, they then had to recall and draw the position
of the attacker. The recall error was calculated as the real distance
between the attacker and the defender minus the recalled distance
between the recalled attacker and the recalled defender. First, the
recall error was analyzed using a Panel (FIFA, Belgian elite) "
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Defender Action (static, dynamic) " Position (#20, #10, 0, $10
pixels) repeated measures ANOVA with defender action and po-
sition as within-subject factors. Second, the recall error analysis
was carried out separately for the correctly and incorrectly judged
trials. Based on the actual decisions obtained from the response
box, we calculated the mean recall error for the correct and
incorrect decisions. This recall error was then analyzed using a
Decision (correct, incorrect) " Position (#20, #10, 0, $10 pix-
els) repeated measures ANOVA with decision and position as
within-subject factors. Third, the relationship between the re-
sponse accuracy and the recall error was assessed using Spearman
rank correlation coefficients.

For all the analyses, significant effects were examined using
Tukey/Kramer post hoc procedures. An alpha level of .05 was
adopted for all statistical tests. Additionally, effect sizes were
calculated to indicate the meaningfulness of any significant differ-
ences. For the t tests, Cohen’s (1988) d was measured where d !
0.2 is small, d ! 0.5 is medium, and d ! 0.8 is large. The effect
size (d) was measured as the standardized difference between two
means. For the repeated measures ANOVA, effect sizes were
reported as partial eta-squared values (&2), which reflect the pro-
portion of the total variance by each dependent variable (Cohen,
1988).

Results

Reliability

Inter- and intraobserver reliability. The interobserver reliabil-
ity of the recall accuracy for the same 32 trials of one participant
across the four observers was found to be very high (r ! .99, p '
.0001). The mean deviation for the four observers was 0.2 pixels.
The intraobserver reliability of one observer was also tested using
an ICC. Again, a highly significant correlation coefficient of 0.99
( p ' .0001) was found.

Test–retest reliability. The examination of the test–retest reli-
ability revealed an agreement score of 83% and 86% for the two
assistant referees. Yule’s Q between the first and the second
exposure was highly positive, with a value of 0.87 for the FIFA
assistant referee and 0.96 for the Belgian assistant referee. The
ICCs for the recall accuracy of the FIFA and Belgian assistant
referees between the first and second exposure were 0.70 and 0.82,
respectively.

Consensus. The consensus or interrater reliability was calcu-
lated to express the agreement within the two panels of assistant
referees. Based on a t test for independent samples, no significant
differences were found, t(126) ! 1.60, p ! .11, between the
groups of FIFA assistant referees (M ! 80.0%, SD ! 12.9)
compared to the Belgian elite assistant referees (M ! 76.12%,
SD ! 14.6).

Response accuracy. The overall response accuracy across all
participants (N ! 57) and all trials (N ! 64) was 72.0% (SD !
10.9). We observed a low degree of uncertainty across the re-
sponses of the assistant referees. The FIFA and Belgian assistant
referees responded clearly no offside or clearly offside in 99.9%
and 95.5% of the cases, respectively.

The results of the Panel (FIFA, Belgian elite) " Defender
Action (static, dynamic) " Position (#20, #10, 0, $10 pixels)
repeated measures ANOVA yielded a main effect for panel, de-

fender action, and position. In addition, significant interaction
effects were found between panel and defender action, panel and
position, and defender action and position.

With respect to the main effect for panel, FIFA assistant referees
(M ! 76.4%, SD ! 10.1) performed significantly better, F(1,
55) ! 11.26, p ! .0014, &2 ! 0.17, than the Belgian elite assistant
referees (M ! 67.5%, SD ! 10.1). In terms of the main effect for
defender action, the trials with a static defender (M ! 79.1%,
SD ! 9.9) resulted in significantly more correct decisions, F(1,
55) ! 129.39, p ' .0001, &2 ! 0.70, than the trials with a dynamic
defender (M ! 65.0%, SD ! 13.7). Regarding the main effect for
position, F(3, 165) ! 83.66, p ' .0001, &2 ! 0.60, post hoc
procedures showed that the decisions were more correct for the
positions with the attacker 20 pixels behind (#20 pixels; M !
86.2%, SD ! 16.7) and 10 pixels ahead of the offside line ($10
pixels; M ! 85.2%, SD ! 18.5) compared to the position with the
attacker 10 pixels behind the offside line (#10 pixels; M ! 72.0%,
SD ! 23.8). The most difficult trials were those in which the
attacker was on the same line as the second last defender (on the
offside line, 0 pixels; M ! 44.6%, SD ! 25.8). The interaction
effect between panel and defender action, F(1, 55) ! 5.57, p !
.0022, &2 ! 0.092, revealed that FIFA assistant referees (M !
70.8%, SD ! 11.9) performed significantly better for the more
difficult dynamic situations compared to the Belgian elite assistant
referees (M ! 58.9%, SD ! 13.0). However, there were no
differences between the FIFA (M ! 82.0%, SD ! 9.9) and Belgian
elite assistant referees (M ! 76.0%, SD ! 8.9) for the static
situations. This finding indicates that the FIFA assistant referees
were less influenced by the action of the defender and thus made
less errors when the defender moved in the opposite direction of
the attacker compared to the Belgian assistant referees. The inter-
action effect between panel and position, F(3, 165) ! 4.62, p !
.0036, &2 ! 0.079, was present in both the trials with a static
(Figure 4A) and with a dynamic defender (Figure 4B). For the
static situations, the FIFA assistant referees were more correct than
the Belgian elite assistant referees, only in those trials with the
attacker 10 pixels behind and on the offside line. However, for the
dynamic situations, FIFA assistant referees outperformed the Bel-
gian elite assistant referees in all trials with the attacker in an
onside position (#20, #10, 0 pixels) and thus committed less FEs.
No differences were found between both groups for the positions
where the attacker was in an offside position ($10 pixels). In
conclusion, the greatest differences between the FIFA and Belgian
assistant referees were found on the offside line or just in front of
the offside line, and these differences became even more expressed
when the defender moved in the opposite direction of the attacker.
Finally, the interaction effect between defender action and posi-
tion, F(3, 165) ! 20.29, p ' .0001, &2 ! 0.27, indicated that
dynamic situations were more difficult to assess than static situa-
tions for all the positions with the attacker in an onside position
(#20, #10, 0 pixels). However, no significant differences were
found for the trials with the attacker in offside position ($10
pixels).

Signal detection analysis was carried out on the performances of
both groups on the offside test. The d% values for the FIFA (d% !
1.637, 95% CI 1.546–1.730) and the Belgian elite (d% ! 1.405,
95% CI 1.311–1.499) assistant referees revealed that both groups
discriminated between offside and no offside above chance level,
because these d% values were significantly different from zero ( p '
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.05). Furthermore, it was shown that the difference between both
groups was statistically significant ( p ' .05), indicating that FIFA
assistant referees were more sensitive in discriminating between
onside and offside positions than the Belgian elite assistant refer-
ees. For the criterion (c) as well, a significant difference ( p ' .05)
was found between the FIFA (c ! #0.176) and the Belgian elite
assistant referees (c ! –0.424). The negative value for both groups

indicates that they both preferred to raise their flag in case of
doubt, but Belgian assistant referees had a stronger bias toward
flag responses than FIFA assistant referees.

Recall error. Across all participants (N ! 57) and all trials
(N ! 64), the attacker was perceived ahead of his actual position
by a mean number of 9.7 pixels (SD ! 4.2). Specifically, this
means that the attacker was marked 3.0 mm further than he

Figure 4. Response accuracy for Fédération Internationale de Football Association (FIFA) assistant referees
and Belgian elite assistant referees for the different positions of the attacker relative to the offside line for the
situations with a static (Figure 4a) and dynamic defender (Figure 4b). Error bars indicate the standard error.
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actually was. The results of the Panel (FIFA, Belgian elite) "
Defender Action (static, dynamic) " Position (#20, #10, 0, $10
pixels) repeated measures ANOVA yielded a significant main
effect for panel, defender action, and position. In addition, a
significant interaction effect was found between panel and posi-
tion. FIFA assistant referees (M ! 8.4 pixels, SD ! 3.6) were
significantly more accurate, F(1, 55) ! 5.72, p ! .0020, &2 !
0.094, in recalling the player positions than the Belgian elite
assistant referees (M ! 11.0 pixels, SD ! 4.4). The main effect for
defender action, F(1, 55) ! 41.66, p ' .0001, &2 ! 0.43, showed
that the trials with a static defender (M ! 8.2 pixels, SD ! 4.0)
were recalled more accurately than the trials with a dynamic
defender (M ! 11.2 pixels, SD ! 5.2). The main effect of position,
F(3, 165) ! 139.54, p ' .0001, &2 ! 0.72, showed that the

participants recalled the attacker in every position further than his
actual position, but they also progressively drew the attacker less
ahead of his actual position the more the attacker was positioned
closer to the offside line (Figures 5A and 5B), except for the trials
with the attacker 10 pixels ahead of the offside line. For this
position, the recall was more accurate than for all the other
positions. The interaction effect between panel and position, F(3,
165) ! 3.51, p ! .0017, &2 ! 0.060, indicated that the FIFA assistant
referees were significantly more accurate in recalling the player po-
sitions in the trials with the attacker on the offside line (0 pixels) and
10 pixels ahead of the offside line. For the dynamic situations, FIFA
assistant referees recalled the player positions more accurately in all
conditions, except in the trials with the attacker 20 pixels behind the
offside line.

Figure 5. Recall accuracy for Fédération Internationale de Football Association (FIFA) assistant referees and
Belgian elite assistant referees for the different positions of the attacker relative to the offside line for the
situations with a static (Figure 5a) and dynamic defender (Figure 5b). Error bars indicate the standard error.
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In a second analysis, the recall errors were calculated separately
for the correct and incorrect decisions. The results of the Decision
(correct, incorrect) " Position (#20, #10, 0, $10 pixels) repeated
measures ANOVA revealed a significant main effect for decision
and position. Additionally, a significant interaction effect was
found between decision and position. Specifically, the main effect
for decision, F(1, 55) ! 51.74, p ' .0001, &2 ! 0.48, showed that
the assistant referees recalled the attacker significantly more ac-
curately when they made a correct decision (M ! 6.9 pixels, SD !
3.0) compared to the incorrect decisions (M ! 11.9 pixels, SD !
2.6). The main effect for position, F(1, 165) ! 359.15, p ' .0001,
&2 ! 0.87, revealed that the assistant referees were significantly
more accurate in recalling the player positions when the attacker
was in an offside position ($10 pixels; M ! #2.0 pixels, SD !
5.1) compared to all the onside positions. For the trials with the
attacker in an onside position, the recall was more accurate when
the attacker was positioned on the offside line (0 pixels; M ! 5.9
pixels, SD ! 6.7) compared to the situations with the attacker 10
pixels (M ! 13.3 pixels, SD ! 3.9) or 20 pixels (M ! 20.4 pixels,
SD ! 5.3) behind the offside line. The significant interaction effect
between decision and position, F(3, 165) ! 116.78, p ' .0001,
&2 ! 0.68, is shown in Figure 6. Figure 6 shows that there is
indeed a significant difference between the recall error for the
correct and incorrect decisions for all the positions of the attacker.
The attacker is perceived ahead of his position in all positions of
the attacker relative to the defender, except for the incorrect
decision when the attacker was in an offside position.

Relationship between the response accuracy and the recall
error. It was observed that in 95% of the cases the recall of the
players was matched with the response obtained from the response
box. This means that when an assistant referee responded “off-
side,” he or she also marked the attacker in an offside position.
Second, a Spearman rank correlation coefficient of #0.64 ( p '
.001) was observed between the response accuracy and the recall
error. This observation reveals that the assistant referees who

judged more trials correctly also made less errors when recalling
the position of the attacker and the defender. The highest correla-
tion between the response accuracy and the recall error was ob-
served when the attacker was in line with the defender (0 pixels;
r ! #0.86, p ' .001). This was the case for the Belgian assistant
referees (r ! #0.85, p ' .001) as well as for the FIFA assistant
referees (r ! #0.76, p ' .001).

Discussion

In the present study, we were interested in the offside decision-
making process in assistant referees in complex dynamic events.
As is typically an important step in the expertise approach (Erics-
son & Smith, 1991), the first objective was to use specific tasks
that would allow us to discriminate between international and
national assistant referees. To capture the offside decision-making
skills, therefore, a laboratory task was designed that consisted of
three-a-side computer animations. Second, to examine the mech-
anisms underlying offside decision making, we experimentally
manipulated the position of the attacker relative to the offside line.
For the trials with the attacker in an onside position, the attacker
was either 20 or 10 pixels behind the offside line or on the offside
line (0 pixels). In turn, for the offside situations, the attacker was
10 pixels ahead of the offside line. In addition, the action of the
defender was also manipulated in two different ways. In the static
condition, the defender was not moving at all at the moment the
pass was given. However, in the dynamic condition, the defender
moved in the opposite direction of the attacker in a way that is very
similar to offside situations in the real game. We were not only
interested in the response accuracy of the participants per se; we
also asked the participants to recall the position of the attacker and
the defender at the moment the pass was given on a schematic
representation of the field of play.

First of all, we observed that the offside decision-making labo-
ratory task showed a high test–retest and interrater reliability and

Figure 6. Recall error for the correct and incorrect decisions for the different positions of the attacker relative
to the offside line. Error bars indicate the standard error.
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provided, as such, evidence for the reliability of the results. Sec-
ond, the results of the present study also revealed that the FIFA
assistant referees made more correct decisions (76.4%) than the
Belgian elite assistant referees (67.5%). The differences between
both groups became significantly greater when the difficulty of the
trials increased. As shown previously in cognitive problem-solving
tasks such as chess (Chase & Simon, 1973), football (Williams &
Davids, 1995), field hockey, and volleyball (Smeeton, Ward, &
Williams, 2004), an expertise effect was found for perceptual–
cognitive variables associated with a particular offside decision-
making task based on computer animations. A signal detection
analysis showed that the assistant referees could clearly discrimi-
nate between onside and offside positions. However, the FIFA
assistant referees were more sensitive than the Belgian elite assis-
tant referees in discriminating between an offside and an onside
position. Similar expertise differences have been obtained using
signal detection theory in other settings such as medical diagnosis,
where it was observed that radiologists were more sensitive than
residents when examining x-rays (Parasuraman, 1985; Wickens &
Hollands, 2000). The specific mechanisms underlying this exper-
tise effect are still a matter of debate (Ericsson, Patel, & Kintsch,
2000; Vicente & Wang, 1998).

Another important aim of this study was to further investigate
the type of errors made when referees were judging offside and to
unravel the mechanisms associated with incorrect decisions. First,
based on the results of the response accuracy, it was clear that the
trials with the attacker just behind the offside line (#10 pixels;
72.0%) were more difficult to assess than the trials with the
attacker just ahead of the offside line ($10 pixels; 85.2%). Based
on this asymmetry, it was concluded that the assistant referees
were biased to make more FEs than NFEs. This bias toward FEs
is in line with previous findings during real-life matches (Baldo et
al., 2002; Helsen et al., 2006, 2007). In addition, the results of the
signal detection analysis revealed that the FIFA and the Belgian
assistant referees preferred to raise their flag in case of doubt. In
any signal detection theory task, observers may vary in their
response bias from a liberal to a risky answer strategy. In most
cases, the circumstances dictate whether a conservative or a risky
strategy is best. For example, it is better for the radiologist to be
biased to say “yes” when he or she scans an x-ray of a patient who
has been referred because of other symptoms of illness than when
the radiologist examines the x-ray of a healthy patient for whom
there is no reason to suspect any malignancy (Swets & Pickett,
1982). In the case of offside decision making, a possible hypoth-
esis is that assistant referees tended to raise their flag because of
the consequences of their decision. Specifically, the consequences
for the outcome of the game are much greater when the referees
make a NFE than when they make a FE. If the assistant referees
make a NFE, the attacker has the possibility to score an illegal
goal, whereas the referees “only” break down a promising attack
when they make a FE.

In the present study, it has clearly been shown that the decisions
of the assistant referees were biased not only by the answer
strategy but also due to a perceptual bias. First of all, the recall data
showed that the recall performance was more accurate for the
correct compared to the incorrect decisions. As expected, the FIFA
assistant referees as well as the Belgian assistant referees were
influenced by a perceptual bias. The recall data clearly showed that
the attacker was indeed perceived ahead of his actual position for

the correct as well as for the incorrect decisions. Baldo et al.
(2002) proposed the flash-lag effect to explain errors in offside
decision making during real-life matches. Based on the results of
the present study, it appears that the flash-lag effect also comes
into play when offside situations are assessed in a laboratory
offside decision-making task. Specifically, the attacker is clearly
perceived ahead of his position at the precise moment the pass is
given. The FIFA assistant referees could better deal with the
perceptual bias than the Belgian assistant referees, resulting in a
better recall accuracy and a more optimal response bias.

This bias was not constant for every manipulated position of the
attacker relative to the offside line. A more detailed analysis of the
recall data, separately for correct and incorrect decisions, revealed
that the participants were attracted toward the offside line when
recalling the position of the attacker involved in the offside situ-
ation. In other words, when the participants drew the attacker in an
onside position, the forward displacement or perceptual bias was
less than when the attacker was drawn closer to the offside line. On
the contrary, when the attacker was recalled in an offside position,
the forward displacement was greater than when the attacker was
drawn closer to the offside line. In this respect, a viable explana-
tion for the incorrect assessment of the position of the players can
be found in the flash-lag effect combined with a landmark attrac-
tion effect. The effect of a landmark on the perception of moving
objects has already been examined with targets that moved toward
or away from a stationary landmark (Bryant & Subbiah, 1994;
Hubbard & Ruppel, 1999). These authors concluded that the
forward displacement of the moving object increased when the
object moved toward a landmark and decreased when that target
moved away from the landmark. In the particular case of the
three-a-side computer-animated offside situations, the forward
moving attacker was perceived ahead of his position, but the
perception of the attacker was attracted toward the offside line that
acted as a landmark.

The assistant referees were also influenced by the defender
action. It was shown that the trials with a dynamic defender
moving in the opposite direction of the attacker were more difficult
than the situations in which the defender was not moving and
therefore resulted in fewer correct decisions (65.0% vs. 79.1%). In
addition, the recall error was significantly greater for the dynamic
situations (11.2 pixels) than for the static situations (8.2 pixels).

Baldo et al. (2002) were the first to suggest the flash-lag effect
when explaining errors in judging offside. Also in the present
study, clear evidence has been found to support the flash-lag
hypothesis. First, more mistakes were made when the attacker was
just behind the offside line compared to the situations with the
attacker just ahead of the offside line. Second, signal detection
analysis revealed that the Belgian as well as the FIFA assistant
referees preferred to raise their flag in case of doubt. Third, more
errors were made when the defender moved in the opposite direc-
tion of the attacker in comparison to the situations with a static
defender. Fourth, the results of the recall data revealed that the
attacker was perceived ahead of his actual position. However,
future research is needed to investigate the impact of the specific
variables associated with the flash-lag effect on the errors in
offside decision making. Another phenomenon that has been in-
tensively studied to explain localization errors of moving objects is
representational momentum (for a review, see Hubbard, 1995,
2005). This refers to the situation where the memory for the final
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position of a moving target is displaced forward in the direction of
target motion (Freyd & Finke, 1984). It has been shown that
forward displacements associated with the representational mo-
mentum can be generalized to a complex realistic environment
such as traffic situations and complex crowded scenes (Thornton
& Hayes, 2004). Müsseler, Stork, and Kerzel (2002) investigated
representational momentum in combination with a flashed object
and suggested a common underlying mechanism for the flash-lag
effect and representational momentum. Munger and Owens (2004)
further investigated the interaction between the flash-lag effect and
representational momentum and suggested that the addition of a
flashed object can alter the perception of a moving object in such
a way that the addition of a flash may lead to larger forward
displacements. In the specific case of offside situations, it is
difficult at this point to differentiate between the contribution of
the underlying mechanisms associated with the flash-lag effect and
the representational momentum to explain incorrect decisions.

It is interesting that an expertise effect was found not only for
the response accuracy but also for the recall accuracy. FIFA
assistant referees were more accurate in recalling the position of
the attacker and the defender compared to the Belgian assistant
referees, especially for the offside situations around the offside
line. FIFA assistant referees could indeed better handle misper-
ceptions dealing with the flash-lag effect than the Belgian assistant
referees. To our knowledge, this is the first time that an interaction
has been found between the flash-lag effect and the level of
expertise.

Given that the observations in the present study clearly indicated
that it is possible to capture the specific offside decision-making
skills in complex dynamic events and that it is possible to get a
better understanding of the underlying mechanisms associated
with incorrect decisions, then the next question is to what extent
the use of these tasks may contribute to a better offside assessment
during actual match play. First, to improve their performance in
offside decision making, the assistant referees need to be aware of
the complexity of the perceptual–cognitive assessment and of the
consequences of the flash-lag effect. In addition, there is also a
need for specific training sessions, as there are only a limited
number of challenging offside situations during a match. Previous
research showed that an assistant referee makes on average 5.3
decisions in offside situations, ranging from 0 to 14 (Helsen et al.,
2006). Second, in most of the matches no feedback is provided to
the match officials during or after the matches. Therefore, on-the-
field training sessions should be produced to give appropriate
video feedback and instructions. Video training has already been
proven to be an appropriate way to provide people with experience
off the field (Abernethy & Wood, 2001; Farrow & Abernethy,
2002; Mascarenhas, Collins, Mortimer, & Morris, 2005). As pre-
sented in this study, the use of computer animations of offside
situations also could be considered as a viable option for
cognitive–perceptual off-the-field training. The advantage of using
computer animations is that they are easy to manipulate and they
can be perfectly controlled in terms of the speed of the action, the
position of the attacker relative to the offside line, and the position
and the action of the players. In this respect, various manipulations
could be used to improve the assistant referees’ perception and
performance in offside decision making and to better deal with the
flash-lag effect. For example, the speed of the players in the
computer animations is important because it has been shown that

the magnitude of the flash-lag effect changes linearly with the
speed of the moving stimulus (Baldo & Caticha, 2005; Nijhawan,
1994). Another variable that can be manipulated is the lateral
distance between the defender and the attacker as well as the
distance between the passer and the offside line. In future research,
it would be a good idea to record eye movements to investigate the
visual search behavior of assistant referees in these particular
incidents.

As for players and referees, it is also highly relevant for assistant
referees to read the game and to be able to anticipate the moment
the pass is given. It has been shown that experts in sports need the
ability to make anticipatory responses based on early cues of the
opponent to predict the following action in cricket (Muller, Aber-
nethy, & Farrow, 2006), football (Helsen & Starkes, 1999), and
tennis (Farrow & Abernethy, 2003). Savelsbergh, Van der Kamp,
Williams, and Ward (2005) showed that goalkeepers in penalty
kick situations use comparable anticipatory strategies.

Finally, a few remarks need to be made regarding the limitations
of the present study. First, we believe that the better performance
on the laboratory offside decision-making task is primarily due to
domain-specific differences built up during years of intensive
practice, as has recently been shown by MacMahon et al. (2006).
This assumption is based on research by Krampe and Ericsson
(1996) showing that with increasing age and experience the gen-
eral perceptual measures decline, whereas domain-specific skills
become better. Furthermore, in a previous study in football, Helsen
et al. (1998) used a stepwise discriminant analysis of both non-
specific abilities and football-specific skills to differentiate be-
tween different skill levels. Their results revealed an average
squared canonical correlation of 0.84, with the significant step
variables all being domain-specific skills. Second, the top-view
perspective of the computer animations is not the same as the view
during actual games. Although it has shown its validity in the
present study, perhaps future studies may consider using a viewing
angle that is closer to the one of the assistant referee on the field.
Third, in any case, the contribution of these computer animations
should be examined with respect to a potential transfer to offside
assessments in the context of a real match.

In conclusion, the results of the present study showed how
difficult it is for the human information-processing system to solve
offside situations. However, there was a significant effect of ex-
pertise on the quality of the offside assessments in complex dy-
namic events. Specifically, FIFA assistant referees with interna-
tional experience were more accurate when assessing offside
situations compared to assistant referees with national experience.
This expertise effect was found in all of our analyses. Second, until
now, the flash-lag effect has been used mainly to explain the bias
toward FEs in offside decision making during real-life matches.
Based on the results of the present study, it is obvious that the
flash-lag effect also appears when offside situations presented as
computer animations are assessed, as significant more errors FEs
were made than NFEs. In combination with the flash-lag effect, a
landmark attraction effect was observed when computer- animated
offside situations were assessed.
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Abernethy, B., Baker, J., & Côté, J. (2005). Transfer of pattern recall skills

may contribute to the development of sport expertise. Applied Cognitive
Psychology, 19, 705–718.

33OFFSIDE DECISION-MAKING



Abernethy, B., & Wood, J. M. (2001). Do generalised visual training
programmes for sport really work? An experimental investigation. Jour-
nal of Sports Sciences, 19, 203–222.

Allard, F., Parker, S., Deakin, J., & Rodgers, W. (1993). Declarative
knowledge in skilled motor performance: Byproduct or constituent? In
J. L. Starkes & F. Allard (Eds.), Cognitive issues in motor expertise (pp.
95–108). Amsterdam: Elsevier.

Baldo, M. V. C., & Caticha, N. (2005). Computational neurobiology of the
flash-lag effect. Vision Research, 45, 2620–2630.

Baldo, M. V. C., Ranvaud, R. D., & Morya, E. (2002). Flag errors in soccer
games: The flash-lag effect brought to real life. Perception, 31, 1205–
1210.

Bryant, D. J., & Subbiah, I. (1994). Subjective landmarks in perception and
memory for spatial location. Canadian Journal of Experimental Psy-
chology, 48, 119–139.

Chase, W. G., & Simon, H. A. (1973). Perception in chess. Cognitive
Psychology, 4, 55–81.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences
(2nd ed.). Hillsdale, NJ: Erlbaum.

Eagleman, D. M., & Sejnowski, T. J. (2000). Motion integration and
postdiction in visual awareness. Science, 287, 2036–2038.

Eagleman, D. M., & Sejnowski, T. J. (2007). Motion signals bias local-
ization judgments: A unified explanation for the flash-lag, flash-drag,
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