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The individual training history
shapes soccer players’ ability to
predict teammates’ and opponents’
moves

Simone Paolini*%*, Paolo Presti®>, Emilia Scalona3, Gabriele Boccolini*,
Giacomo Rizzolatti*2, Maddalena Fabbri-Destro? & Pietro Avanzini(?**

In sports, players constantly engage in understanding others’ actions and intentions. Previous studies
have highlighted that possessing the observed action in the individual motor repertoire improves

the prediction abilities of the observer. Here, we tested the extent to which players’ ability to predict
soccer actions is influenced by their motor repertoire, which is modulated not only by their generic
expertise but also by the specific position played on the field. To these aims, two experiments were
conducted by asking players to predict the result of typical soccer actions and comparing accuracies
with data concerning their soccer career. Results revealed that both general expertise and position-
specific experience significantly impacted prediction performance, with the highest accuracy observed
when actions aligned with players’ positional expertise. These findings highlight that the motor
resonance mechanism is finely attuned to the individual’s motor repertoire, which operates as a
continuum - from no experience to advanced expertise in a specific position — enabling a dynamic,
experience-driven enhancement of action prediction in sports.
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In team sports, players ability to “read” the game is a fundamental skill that involves rapidly comprehending
others’ actions and intentions and adapting their behavior accordingly'. The capacity to understand actions
and predict their outcomes is mediated by the mirror mechanism, i.e., the neurophysiological mechanism
that activates several motor regions not only during the execution but also during the observation of the same
action®’. In other words, sensory inputs are transformed into a motor format®.

Several studies have attributed the mirror mechanisms a fundamental role in the perception and prediction
of others” actions®. Fogassi et al.> demonstrated this in monkeys by recording from inferior parietal lobule
(IPL) neurons. Monkeys performed two actions — grasping to eat or to place an object — and observed the
experimenter performing similar actions. Results revealed that IPL neuron activity varied based on the action’s
intention during both active and observed grasping. This suggests that IPL neurons encode the overall action
intention from the very first motor acts. Similar effects were found in the premotor area F5°. In humans, similar
intention-modulated responses have been shown through electromyographic and fMRI studies’”®. Behavioral
evidence also supports the role of the mirror mechanism in perceiving others’ actions. Lesion-symptom mapping
studies reveal that damage to the left inferior frontal, inferior parietal, and middle-superior temporal cortices
(i.e., the hubs composing the action observation network®) is linked to deficits in action perception'’. Patients
with apraxia, particularly those with left inferior frontal gyrus damage, struggle more with recognizing gestures
compared to non-apraxic patients'!. Causal evidence from continuous theta-burst stimulation (cTBS) further
confirms this action-perception link. cTBS over the left premotor cortex disrupts recognition of hand and mouth
actions'?, while cTBS to inferior parietal regions impairs the ability to infer intentions from observed hand
kinematics'>.

A fundamental prerequisite for the motor resonance mechanism is that the observed action is represented
within the observer’s motor repertoire. Buccino et al.'* demonstrated that observers’ parieto-frontal networks are
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activated for actions well-integrated into their motor repertoire (e.g., biting), regardless of the agent performing
the action (e.g., human, monkey, or dog). Conversely, no such activation occurs for actions outside the motor
repertoire (e.g., barking). This repertoire-dependent modulation is not restricted to biologically possible actions
but is also shaped by the observer’s expertise with specific actions. For instance, Calvo-Merino et al.!® found that
dancers exhibit greater mirror mechanism activation when observing movements from their area of expertise
(e.g., capoeira vs. classical ballet). Furthermore, within the same type of dance, motor resonance is driven by
motor experience rather than mere visual familiarity'e.

Sports provide a unique empirical context for studying the interplay between visual and motor expertise,
as both are critical for understanding others’ actions and predicting their outcomes. These skills enable
athletes to predict opponents’ intentions and respond appropriately before an action begins. A seminal study
by Aglioti and coworkers!” showed that elite basketball players (visuomotor experts) outperformed coaches
and sports journalists (visual experts) in predicting free throw outcomes. Subsequent studies have consistently
demonstrated that experts outperform novices in predicting opponents’ intentions by identifying key cues such
as action preferences, body posture, and predicted movements!®1°.

The visuomotor origin of this advantage has been further supported by behavioral studies demonstrating that
expert athletes rely on initial kinematics or visual cues, such as ball trajectory, for predicting others’ actions?*-22.
For example, in tennis, experts can detect kinematic information at early, pre-contact stages to predict ball
direction and force??, even though on-court position also contributes to the shot outcome prediction“. Similarly,
the initial ball trajectory of volleyball floating services allowed both athletes and supporters to be more accurate
than novices in predicting the fate of the service, yet only the former group could base their predictions on
body kinematics®. Notably, prediction of tennis and volleyball serves induces stronger activation of the action
observation network areas (superior parietal lobule - SPL, supplementary motor area - SMA) and cerebellar
structures in expert athletes compared to novices, with activation extent linearly correlated with prediction
performance?. Similar findings have been reported in other sports, such as handball?’, soccer?®-3!, baseball®?,
darts®, and rugby*~%. In ecological situations, contextual elements provide fundamental cues for action
prediction®’~%°, potentially interacting with kinematic information and the observer’s expertise*’. However,
the evidence above indicates that the mere visual experience of the observed action is insufficient to ensure
prediction performance as accurate as that of visuomotor experts.

The link between action perception and athlete expertise operates not only at a categorical level (e.g., experts
vs. naive vs. observers) but also among different members of the same team. Testing expert basketball players,
Hohmann and colleagues*! showed that they recognized actions presented as point-light displays better than
novices and identified themselves more precisely than teammates when asked to name the actor. The notion that
self-identification is enhanced by active motor experience, regardless of visual exposure, aligns with previous
reports?2.

Building on these findings, an open question arises: does individual motor expertise among team members
modulate the accuracy of action prediction, enabling players to decode both teammates’ and opponents’
behaviors? A previous study compared the ability of rugby players (kickers and non-kickers) and naive
participants to predict the outcome of placed kicks*. Kickers demonstrated greater accuracy than naive
participants and their expert teammates playing in other positions, suggesting that specialized training enhances
the ability to understand others’ behaviors on the field. Placed kicks in rugby exemplify “closed skill actions,”
defined as individual, uncontested motor actions unaffected by other players*’.

However, team sports predominantly involve dynamic, interactive environments where one player’s action
shapes the responses of others. This creates a complex system of interactions involving at least one “agent” (the
sender of an action) and one “observer” (the receiver). Even when the agent executes the action flawlessly, the
observer must accurately interpret and predict the actions outcome. Soccer provides numerous examples of this
dynamic interplay**. Consider a cross from a winger into the penalty area: forwards must predict and position
themselves to score, defenders must intercept the ball, and the goalkeeper must prepare for a potential clearance.

Soccer also highlights the interplay between general and position-specific motor expertise. While many
soccer actions are shared across positions, players develop heightened skills in actions characteristic of their
specific role. This creates a continuum of motor expertise, where actions are represented across all players but
exhibit position-specific peaks of dexterity. For example, the accuracy of a forward’s finishing differs from that of
a defender’s clearance despite overlapping motor skills. This continuum is further complicated by the dichotomy
between visual and motor expertise inherent in team sports. Players frequently face opponents with differing
positional expertise and motor repertoires, and this mismatch creates a virtual imbalance, as certain actions are
predominantly performed by one group of players and mostly observed by another?°. These dynamics underscore
the intricate relationship between motor and visual expertise in action prediction and team coordination.

Building on these premises, our study investigates the role of motor expertise in predicting open-skill soccer
actions by analyzing responses from players trained to execute these actions and those who typically have to face
them on the field. This comparison allows us to extend current evidence by examining the predictive abilities
of visuomotor experts versus “active” visual experts — players who regularly react to observed actions during
gameplay. We included participants from all field positions, ensuring a comparable baseline of motor expertise
while accounting for specialization based on their predominant playing positions over their careers. Moving
beyond the heavily dichotomous scenarios extensively studied in the literature, such as striker-goalkeeper
interactions during penalty kicks, we aim to generalize our findings to a wider range of real-game contexts and
scenarios.

We hypothesize that the position-specific motor expertise accumulated through years of specialized training
enhances the ability to predict actions characteristic of the corresponding position. We will test this hypothesis
in two experiments. In the first one, we evaluate the action prediction abilities of naive individuals, amateurs,
and professional players, examining whether the motor experience of the latter two groups leads to better
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performance in action prediction and whether individual motor expertise further shapes the performance. In the
second experiment, we expand this perspective by testing four groups of active players, subdivided according to
their primary playing roles. Our findings will suggest that the continuum of motor repertoire directly correlates
with a continuum of prediction ability, aligning with the idea that motor resonance extends beyond action goals
to encompass other motor features*, such as kinematics*”*, postures***?, and dynamics®'. By emphasizing
the nuanced relationship between motor expertise and action prediction, our findings could provide valuable
insights for optimizing player performance and enhancing team dynamics.

Materials and methods

Two experiments are presented, evaluating how specialized and prolonged training in specific field positions
influences soccer action prediction. We included (1) a sample of soccer players with heterogeneous levels of
experience (Experiment 1) and (2) professional players recruited within the Atalanta Bergamasca Calcio Youth
Sector, one of the top ten most profitable club academies worldwide (CIES Football Observatory, https://footba
1l-observatory.com/WeeklyPost446) (Experiment 2).

Both the experiments described below were approved by the Institutional Ethical Committee [Commissione
per I'Etica e I'Integrita nella Ricerca - National Research Council (CNR), n. 00111709/2022, 15.02.2022] and
were conducted according to the principles of the Declaration of Helsinki. The players shown in the videos gave
written authorization to use their images. Both participants and their legal guardians obtained written informed
consent.

Experiment 1

Participants

An a priori power analysis with G-Power 3.1 was conducted to determine the sample size suitable for a between-
subjects ANOVA design, including three groups, namely Professional Players (PrP), Amateur Players (AmP),
and Naive (N). The output indicated a minimum sample size of 84 participants (28 for each group) with a=0.05,
power $=0.90, and a large effect size f=0.4 per recommendations as in Cohen®2 Considering potential dropouts
and technical issues, we increased the group size to a minimum of 32 for each group. Participants were recruited
via the Prolific platform (www.prolific.com) and redirected to the Gorilla Experiment Builder platform (http:
/Iwww.gorilla.sc/) to complete the experiment. A preliminary questionnaire was administered to participants
about their career as soccer players (e.g., Have you ever played soccer? What is the highest soccer division you have
played in? How many years have you played in the following positions: Forward, Center, Lateral, and Goalkeeper? ).
Based on their responses, participants were assigned to one of three groups. Specifically, participants who played
at least one year in top leagues (i.e., the nine soccer divisions set up by the Italian Football Federation, https://
www.figc.it/it/federazione/la-federazione/la-federazione/) were labeled as Professional Players (PrP), those who
played at least one year at an amateur level as Amateur Players (AmP), and finally, those who have never played
soccer in their life as Naive (N).

The final sample consisted of 105 male participants: 41 PrP (mean age=24.2+4.6), 32 AmP (mean
age=22.9+1.8), and 32 NP (mean age=22.7+1.4). Based on the self-reported questionnaires, PrP and AmP
participants were further labeled according to their most-played position (PP). If still active, participants with
equal experience across multiple positions were assigned to their current PP. Those not playing at the time of
the experiment were excluded due to the difficulty of determining their most-played position (#=5). Hence, the
final PrP group (n=40) comprised 4 Forward Players (FP), 18 Center Players (CP), 14 Lateral Players (LP), and
4 Goalkeeper Players (GP), while the AmP group (n=28) included 3 FP, 9 CP, 11 LP, and 5 GP.

Stimuli and experimental design

To assess participants’ ability to predict soccer action outcomes, we recorded videos of soccer actions performed
by a professional player. The videos featured actions specific to the four selected positions: Forward (F), Center
(C), Lateral (L), and Goalkeeper (G), referred to as Observed Positions (OP) (see Fig. 1). For each OP, we
videotaped three different actions (e.g., for the forward OP, we recorded a penalty, a shot outside the penalty
area, and a shot inside the penalty area; see Supplementary Material, Table S1 for videos and a list of actions
chosen for each field position).

Each action was recorded twice, varying only the directional outcomes (e.g., shooting left or right, high or
low crosses). All videos were recorded with an allocentric (third person) perspective, placing the camera at the
position typically occupied by the receiver of the action. For instance, the goalkeeper’s perspective was used for
a penalty, while the forward’s perspective was used for a goalkeeper’s save. Finally, videos were edited and frozen
at a specific frame, challenging outcome recognition, resulting in an average duration of 2.7+ 1.3 s per video.
The videos were subsequently edited and frozen at specific frames to challenge participants’ ability to predict
the outcome. The average video duration was 2.7 +1.3 s. The final set included 24 unique videos (4 observed
positions x 3 actions x 2 outcomes), each repeated four times, resulting in 96 trials.

The experiment was administered entirely on the Gorilla Experiment Builder platform (http://www.gorilla.sc
/). After completing the preliminary soccer experience questionnaire, participants received written instructions
and proceeded to the action prediction task. Specifically, for each trial, subjects were instructed first to read what
kind of action outcome they had to predict, then start the video by pressing a play button and carefully watch
it until the end, finally answering as fast as possible. Each trial was separated by a fixation cross lasting 500 ms.
No breaks were provided, as participants could decide when to play each video. Ninety-six videos/trials were
presented in a fully randomized order.
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Fig. 1. Subdivision of a soccer field according to the four playing/observed positions analyzed in the study.
Panels (A), (B), (C), and (D) represent the final frame of videos showing a penalty kick (Forward), a reverse
pass (Center), a cross (Lateral), and a save (Goalkeeper), respectively.

Data scoring

For each participant, we computed the Overall Accuracy (OA) - the percentage of correct answers — and the
Position-specific Accuracy (PsA) - the rate of correct answers for videos showing actions related specifically to
the participant’s most-played position.

Statistical analyses

A one-way ANCOVA was conducted to evaluate whether the OA differed among groups (PrP, AmP, and N). The
action prediction task session duration was included as a covariate to control for its potential influence on overall
accuracy. Post hoc comparisons were Bonferroni corrected to account for multiple comparisons. Subsequently,
focusing only on participants with soccer expertise (i.e., PrP and AmP), two separate correlation analyses were
conducted to test whether position-specific prolonged knowledge led to improved prediction performance for
videos corresponding to the same observed position group. Thus, in the final sample (40 PrP and 28 AmP), non-
parametric Spearman’s correlation coefficients were calculated between participants’ years of experience in their
most played position (Yexp) and the corresponding PsA.

Results

The one-way ANCOVA on the OA pointed out the main effect of groups in outcome prediction [F, o; =4.22,
p=0.017]. As shown in Fig. 2 (panel A), PrP significantly outperformed both AmP [Mean,, ;, = 0.64, Mean,
=0.58; 1) =3.12, P orrecieqy = 0-007] and N [Mean = 0.59; £, =2.35, P o ecreq) = 0-02]. No differences emerged
between AmP and N (t(sa) =-0.56, P corrected) =0.58).

Spearman’s analysis revealed a positive, significant correlation between Yexp and PsA, but only when
considering the PrP group (R=0.40, p=0.009, see panel B in Fig. 2). This suggests that for experienced players,
the more position-specific experience they have, the more accurate they are in predicting the outcome of
position-specific actions. This result was not found for the AmP group (R=0.05, p=0.81).
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Fig. 2. Accuracy among groups (panel A) and correlations between years of experience (Yexp) and position-
specific accuracy (PsA) for professional players (PrP) (panel B). In panel A, the boxes’ upper and lower limits
represent the 25th and 75th percentiles, respectively, and the midline in boxes represents the mean of each
distribution. Whiskers go down to the smallest value and up to the largest. On the x-axis of panel B: 1=1-3
Yexp, 2=3-5 Yexp, 3=5-10 Yexp, 4=>10 Yexp. OA: Overall Accuracy; N: Naive; PrP: Professional Players;
AmP: AmateurPlayers; PsA: Position-specific Accuracy; Yexp: Years of experience; *: p <0.05; **: p<0.01.

Preliminary discussion

The results of Experiment 1 showed that professional players predicted soccer action outcomes more accurately
than amateur players and naive participants. Moreover, for professional players only, an association emerged
between the time spent playing a specific position on the field and their corresponding position-specific
prediction abilities (see Fig. 2, panel B). This finding aligns with previous observations in rugby**-%¢, i.e., that the
motor experience of a specific action enhances outcome prediction during observation. Notably, this experience-
dependent modulation was observed exclusively among professional players, not amateurs, suggesting that the
boost in predicting position-specific action outcomes arises primarily within professional training environments.

Previous studies consistently demonstrate that motor expertise is critical in predicting the outcomes of
observed movements. Evidence supporting this comes from comparisons between expert and novice samples,
where experts consistently outperform novices in predicting the outcomes of actions within their motor
repertoire!”*>3653-5¢ Our findings align with this literature: soccer experts demonstrated significantly higher
prediction accuracy than novices. Interestingly, we also observed that the advantages of motor experience
emerge only after professional, and not amateur, training.

Despite accumulating years of motor experience, the amateur group was similar to novices in prediction
ability. This suggests that motor representations of movement are continuously evolving, with their robustness
influenced by the type of training undertaken. Furthermore, our results indicate that the more years players
spend specializing in a specific role, the greater their ability to predict the outcomes of actions typical of that role.
This finding supports the continuum concept where motor experience evolves alongside predictive skills, shaped
by the duration and nature of training.

Evidence highlighting the role of motor experience in shaping action prediction’ is counterbalanced by
an alternative explanation: visual exposure to teammates, opponents, or coaches enhances the ability to extract
relevant movement information efficiently*>>*-!. Consequently, the relative contribution of motor experience
versus visual exposure remains a topic of debate. An ideal scenario to address this motor vs. visual dichotomy
involves simultaneously testing all players from the same teams. In such cases, contextual factors (e.g., level
and frequency of training, overall team quality) are balanced, yet players still possess unique individual motor
expertise. Based on this rationale, we designed the second experiment to compare the predictive ability of
players across different positions within the same teams. This design allowed us to distinguish instances where
the observed action matched the players” positions from those where discrepancies existed.

Given the behavioral nature of our study, we cannot be conclusive about the underlying mechanisms behind
these findings. However, it seems reasonable to hypothesize that professional training environments, which

6,57,58
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emphasize the development of technical skills through consistent, high-quality instruction from qualified
coaches, enable players to fine-tune their motor repertoires more effectively. In contrast, an amateur level may
be insufficient to foster the specialized motor skills required for high-level action prediction. This could explain
the lack of a significant relationship between motor expertise and prediction accuracy among amateur players.
Additionally, the small size of our professional sample leaves the question of whether this experience-dependent
gain is modulated across different playing positions unanswered. Testing this hypothesis would require a larger
sample size and players exposed to highly similar training environments to minimize potential confounding
factors.

For this reason, we conducted a second experiment using the same behavioral task, administering it to 153
participants from youth teams of a professional Italian soccer club.

Experiment 2

Participants

Participants were recruited from young elite soccer players (i.e., Under-14 to Under-19, mean age=15.8+1.7)
of Atalanta Bergamasca Calcio (Bergamo, Italy). This recruitment strategy provided two main advantages: (1)
the sample included youth players trained at one of the top ten most profitable club academies worldwide (CIES
Football Observatory, https://football-observatory.com/WeeklyPost446), ensuring exposure to the highest
professional standards, and (2) all playing positions were represented.

Each Atalanta player completed the same experimental procedures of Experiment 1 via the Gorilla
Experiment Builder platform (http://www.gorilla.sc/). As in Experiment 1, participants completed a preliminary
questionnaire to identify their most-played position (PP) and track their position-specific expertise. If
participants reported the same years of experience (Yexp) for more than one position, a clarifying question was
asked: Which position have you played the most in your career? This approach ensured the accurate classification
of each player’s most-played position, avoiding categorization issues encountered in Experiment 1.

The final sample consisted of 153 male participants divided into 37 Forward Players (FP), 71 Central Players
(CP), 30 Lateral Players (LP), and 15 Goalkeeper Players (GP).

Stimuli and experimental design
Stimuli and experimental design were the same as in Experiment 1.

Data scoring

Overall Accuracy (OA) was calculated as described above, while Position-specific Accuracy (PsA) was calculated
for each OP. To account for interindividual differences and the possible inhomogeneity in prediction difficulty
across videos, for each participant and OP, we computed a corrected version of the PsA as the deviance from the
participant’s overall accuracy:

@i,j = PSAz‘yj — OAZ (1)
Finally, subtracting the mean PsA across subjects from the obtained value:

SN PsA,,

i=1

N

2)

PSACorrected,i,j = PSAi»j -

where i indicates the participant, j the OP, and N the total number of participants. We obtained a measure of
how each value detaches from the within- and between-subjects’ average accuracy.

Statistical analyses

An independent-sample t-test was conducted to compare Atalanta’s players in Experiment 2 with the Professional
Players (PrP) from Experiment 1 to ensure the two samples were balanced in terms of Yexp. If so, it would
be reasonable to assume that Atalanta’s players also show the relationship between Yexp and PsA. To test this
hypothesis, we computed Pearson’s linear correlation between Atalanta’s players Yexp and their corresponding
PsA, as performed in Experiment 1.

Differences in PsA were statistically evaluated via a mixed 4 x4 ANCOVA, with PP as the between factor, OP
as the within factor, and session duration as the covariate. Since PsA values are still sensitive to interindividual
differences and possible inhomogeneity in prediction difficulty across videos, a second mixed ANOVA was
conducted on corrected PsA, with PP as the between factor and OP as the within factor. Moreover, to include
participants’ Yexp, which is expected to give a parametric advantage on the position-specific prediction ability,
we applied a weighted version of the ANOVA with Yexp as weight. To ensure that participants did not differ in
terms of years of experience depending on their most played position we performed a one-way ANOVA on years
of experience with the most played position as between-subject factors (Forward, Center, Lateral, Goalkeeper).
The ANOVA showed a non-significant effect [F; 4 =2.037, p=0.111] of group (Yexp - F=8.86+2.95; Yexp -
C=8.36£2.56; Yexp - F=7.90£2.59; Yexp - G=9.80£2.04). In other words, such analysis allowed us to compare
participants’ prediction ability on actions typical of different field positions depending on their most frequently
played role, thus considering their past motor expertise and avoiding spurious effects due to inter-individual and
inter-actions differences. In this direction, we assessed the significance of the OP x PP interaction, and a planned
comparison design was adopted to limit the investigation to the comparisons of interest. Indeed, to determine
whether motor experience gained in a specific field position provides an advantage in recognizing typical actions
associated with that area, we evaluated whether participants in each Played Position (PP) exhibited higher
accuracy in predicting actions that matched their played position compared to actions from other areas (e.g.,
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whether forward players predicted with higher accuracy forward videos compared to the center, lateral and
goalkeeper ones). Similarly, other comparisons were planned to evaluate whether actions typical of one specific
field position were better predicted by participants in the matching PP than other positions (e.g., forward video
outcomes were better predicted by forward players than center, lateral, and goalkeeper players). See Figure S1
in Supplementary Materials for the 24 resulting planned comparisons list. Therefore, for these comparisons, the
significance threshold was adjusted by dividing it by 24, resulting in o* = 0.002.

Finally, we tested whether the participants’ years of experience could predict the corrected PsA values. We
created a regression model for each observed position, considering the Yexp in each role as regressors (see
Eq. 3). Thus, we then assessed the R? and significance for each model as well as the significance of each regressor
considering the following model:

PSACorrected,i :/Bo+51*YE1p,F + /BQ*YEIP,C + ﬁg*YEzp,L + /34*YE:1:p,G (3)

where i indicates the Observed Position, Yexp F/C/L/G the participant’s years of experience in each position, and
(31/2/3/4 the corresponding model parameters.

Results

The t-test showed no significant difference between the PrP of Experiment 1 and Atalanta Players (AtP) in
terms of Yexp (MeanYexp,, , = 6.61 vs. MeanYexp,, = 6.92; t,5,,=0.63, p=0.53) suggesting that despite the
young age, Atalanta’s players had already accumulated expertise positioning at the level of professional experts.
This conclusion finds further support in the correlation results, also indicating for this sample a positive and
significant correlation between Yexp and PsA (z‘(l 53)= 2.13, R=0.17, p=0.03), in line with Experiment 1.

The first 4x4 mixed ANCOVA on overall accuracy showed a main effect of PP [F, 3148 =3.65, p=0.014],
a main effect of OP [F 3440 =309 p=0.026], and a significant PPxOP interaction [F(g,444 =3.56, p<0.001].
Post-hoc revealed that goalkeeper players (MeanGP=72.5% + 6.7%) significantly outperformed forward and
lateral players in predicting outcomes (MeanFP=66.3% + 7.2%, P, ccteq) = 0-04 and MeanLP=65.3% + 7.7%,
Pcorrecteqy = 0-01, respectively), independently of the observed position. Also, Bonferroni corrected pairwise
comparisons revealed that both lateral (MeanL=62.5% + 10.7%) and goalkeeper videos (MeanG=65.5% +
14.2%) were associated with a lower prediction accuracy compared to forward (MeanF=72.4% + 14.2%) and
central videos (MeanC=70.7.% + 11.0%), each comparison showing a p .. ..q) < 0.001. The significance of such
main effects highlighted interindividual differences and non-homogeneous prediction difficulty across videos,
thus making the PPxOP interaction interpretation hard to parse.

Results of the 4x4 weighted ANOVA on corrected data highlighted a significant PPxOP interaction
(F 9,3006) = 30-55, p <0.001]. Bonferroni corrected planned comparisons (see Table S2 in Supplementary Materials
for the entire list of comparisons) revealed that participants, except for the center players, exhibited significantly
higher accuracy in predicting actions specific to their career-experienced positions compared to actions
proper of other (less trained) positions (Fig. 3, comparisons of different colored bars within the same panel).
Indeed, goalkeeper players performed best in predicting videos showing goalkeeper actions compared to other
positions’ actions (all p-values<0.001). Forward players predicted videos showing forward movement more
accurately than videos showing central and goalkeeper actions (all p-values <0.001). As far as lateral players are
concerned, they predicted lateral video outcomes with higher accuracy compared to forward and center videos
(all p-values <0.001). A similar behavior emerged when considering how participants of different PP predicted
the outcome of the same action (Fig. 3, comparisons of same-colored bars between different panels). Indeed,
we found that goalkeeper and forward actions were better predicted by participants belonging to the matching
played position groups (all p-values <0.001). Also, we found that lateral actions were better predicted by lateral
players rather than central and goalkeepers (all p-values <0.001). Additionally, we carried out complex planned
comparisons, evaluating corrected PsA values in conditions where the observed and played positions matched,
against the average of the other three conditions. Results of these complex planned comparisons are reported in
Table S3 of the supplementary materials, highlighting that Forwards, Laterals, and Goalkeepers had significantly
higher accuracy in predicting their matching position actions (all p-values <0.001).

To account for the experience accumulated by players across various roles over the years, we repeated the
same analysis, weighting for years of experience in roles other than the most frequently played one. By doing
so, we moved beyond the exclusive association between each participant and their most played position, instead
considering their overall expertise. The results are shown in the supplementary materials (see Supplementary
Table S4) and align with those presented in the previous weighted ANOVA. Specifically, matching played-
observed position cases still preserves the highest level of accuracy.

Finally, we evaluated whether the position-specific accuracy could be predicted by the years of experience
gained in various positions over time. Hence, we tested a regression model for each observed position,
considering the years of experience in every possible position as regressors. The only two significant models
were those related to the position-specific accuracy of lateral (R>=0.118, p<0.001) and goalkeeper (R*=0.077,
p=0.017) videos. Also, looking into the model parameters, years of experience of the matching played-observed
positions were the only regressors showing a trend toward significance (PsA, . q 1: B3=0.005, p=0.049;
PSA(rected, 6 B4=0-008, p=0.058). Hence, it suggests that when players face a role-specific action, the years of
experience gained over different positions from the observed one play a marginal (if not confounding) role in
the ability to predict the action outcome. On the contrary, the greater the number of years of experience related
to the observed position, the higher the accuracy in predicting the action.
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Fig. 3. Bonferroni corrected planned comparisons of OPxPP weighted mixed ANOVA. Panel (A) shows
the performance of FP in predicting forward, central, lateral, and goalkeeper action outcomes (depicted
in blue, red, green, and yellow, respectively). In the same way, panels (B), (C), and (D) show CP, LP, and
GP performances, respectively. Black band bars indicate the match between the observed and the played
position (e.g., forward-forward in panel A). Bars on histograms represent the standard error mean. PSA__ . .4
= Position-specific Accuracy (corrected); F: Forward videos; C: Central videos; L: Lateral videos; G:
Goalkeeper videos; FP: Forward Players; CP: Central Players; LP: Lateral Players; GP: Goalkeeper Players.
H%%

p(corrected) <0.001.

Discussion

As demonstrated in Experiment 1, professional soccer players outperformed both amateurs and novices in
predicting soccer actions. Furthermore, prolonged professional training in a specific position consistently led
to superior accuracy in predicting action outcomes specific to that position. Experiment 2 corroborated these
findings, showing that prediction accuracy was highest when the observed action aligned with the players’
position-specific expertise, whereas mismatched cases resulted in lower accuracy. These results suggest that both
training level and position-specific skills play pivotal roles in shaping the motor system’s ability to recognize and
predict others’ actions.

The superior prediction performance of professional players relative to amateurs likely stems from a more
robustly trained motor system, which enhances motor resonance and facilitates the recognition and prediction
of actions observed in others. Even within a cohort of players with largely overlapping motor skills, the highest
prediction accuracies were consistently observed for actions specific to each player’s role. The notion that action
prediction abilities depend on the position players occupy on the field is not novel, being already reported -
for example - in soccer?**> and handball?”*63. However, such findings have often emerged from comparisons
between groups with extremely different expertise (e.g., goalkeepers vs. kickers). In our study, we expanded this
perspective by subdividing the sample into four positions. We demonstrated that the superiority of prediction
accuracy for matched played/observed cases holds for three out of four positions (goalkeepers, lateral, forwards).
This indicates that extensive role-specific training fine-tunes the motor repertoire, enabling players to predict
actions they regularly perform more accurately. Interestingly, central players were the exception, displaying
balanced accuracy scores across all observed positions (see Experiment 2). This finding suggests that central
players, often functioning as “playmakers,” develop a more generalized motor repertoire. Their role requires
continuous interactions with players from all positions and broader field coverage, which may promote
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heterogeneous motor expertise. Consequently, central players’ prediction abilities appear less reliant on position-
specific expertise compared to more specialized players, such as forwards, lateral or goalkeepers.

Notably, our results emphasize that executing players demonstrate superior predictive abilities compared
to receiving players, reinforcing prior research highlighting the dominance of motor experience over visual
experience in driving action recognition skills. This dynamic is well illustrated in scenarios such as penalty kicks,
where goalkeepers and forwards engage in intensive visual training to predict opponents’ intentions — whether
to save or score a goal. However, visual experience alone does not offset the advantage of motor expertise. The
superior ability of goalkeepers and forwards to decode actions specific to their roles supports this conclusion.
These findings align with previous studies showing that motor-matching representations are systematically more
efficient than associative representations®.

Different theoretical accounts have been proposed to explain the processes underlying action prediction
in sports. For instance, the perceptual-cognitive theory® postulates that athletes process and interpret visual
and sensory information to make decisions, recognize patterns, and predict actions. This approach emphasizes
the role of perception, attention, memory, and decision-making in action prediction and overall performance.
Conversely, embodied cognition®®®” extends beyond perceptual and cognitive functions, highlighting the
decisive role of sensory and motor experiences in shaping action prediction and, more broadly, cognitive
processing. While our study was not designed to test specific theories, our findings can be framed within
this ongoing debate. On one hand, mirror activity is often considered a cornerstone of embodied accounts,
as it bridges motor performance with perceptual and cognitive operations®®*°. The notion of a continuum of
motor repertoire driving action prediction reinforces this view, strengthening the link between the capacity to
decode others’ actions and one’s own motor experience. At the same time, our data — and prior literature - do
not suggest that mirror activity or individual motor repertoires are the exclusive means for predicting others’
actions. Functions such as attention and working memory certainly play a fundamental role in promoting action
prediction, without forgetting their capacity to modulate the responsiveness of the motor system itself during
action observation®7°.

A significant implication of these findings in sports lies in understanding deceptive actions - strategies
designed to mask a player’s genuine intentions or provide misleading cues, prompting incorrect predictions by
the observer. Numerous studies demonstrate that motor expertise and perceptual-cognitive and visual skills are
crucial for identifying deceptive behaviors in sports (see”! for a comprehensive review). Research on movement
kinematics during deceptive behaviors’>”> has shown that players often minimize kinematic cues critically for
executing the intended action while emphasizing irrelevant or misleading movements. Training in performing
deceptive actions may refine the motor system’s knowledge, equipping players with enhanced predictive
abilities. This could explain why expert players in sports such as rugby*, basketball’*, handball®>¢* and feint>®
consistently outperform novices in detecting deceptive intentions’>. These considerations underscore the role of
motor expertise in action prediction and the ability to recognize and counter deception during gameplay.

In summary, our study revisits the role of the individual motor repertoire in action prediction. Traditionally
conceptualized as a motor vocabulary that includes or excludes the observed action, our findings suggest that
mere experience with actions is insufficient to guarantee optimal prediction abilities. Instead, factors such as the
quality and duration of training, particularly at a high level, and the motor specializations an individual develops
play critical roles. In other words, our ability to understand others’ actions improves not simply because we can
perform them, but because of the specific expertise and dexterity honed through performing those actions.

The deliberate focus on sports provides a unique and valuable context as professional athletes demonstrate
motor skills demanding the highest levels of control and precision. This setting allows even subtle differences
in expertise to significantly affect motor and cognitive abilities, such as action prediction. Future research could
extend these findings by exploring how players predict outcomes of deceptive actions, both typical and atypical
of their most-played positions. For instance, it could be hypothesized that position-specific motor expertise
protects against misleading predictions, enhancing players’ ability to differentiate genuine and deceptive
movements.

From a practical perspective, our results suggest that the most effective way to improve interaction with
teammates and counter-opponents in sports is to train with their movements and skills’®. Theoretically, our
findings expand the understanding of motor resonance processes in action prediction. These processes extend
beyond the representation of action goals — a concept traditionally used to distinguish experts from novices - to
include detailed representations of motor features such as kinematics, postures, and dynamics. These motor
features are essential for precise action execution and are closely associated with players demonstrating superior
prediction abilities. This offers a nuanced perspective on the relationship between motor expertise and cognitive
function, highlighting how motor skills can shape action prediction at an advanced level.

Data availability
Data and video stimuli supporting the conclusions of this article will be made available by the corresponding
author at Zenodo at the following link: https://zenodo.org/records/14185404.
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