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Over recent decades, research has made
comprehensive attempts to understand
the skills that contribute to superior an-
ticipation and decision making in sports,
especially in dynamic and highly time-
constrained situations (Williams & Ford,
2008). In this respect, it has been of con-
siderable interest to explore the nature
of perceptual-cognitive expertise (Roca
& Williams, 2016), which is classically
understood as the capability to identify
and process environmental information
in order to facilitate response selection
(Marteniuk, 1976). Empirically, it has
been repeatedly shown that experts pos-
sess superior perceptual-cognitive skills
compared to nonexperts and novices
(Mann, Williams, Ward, & Janelle,
2007). 'These skills support success-
ful anticipation (Williams, Casanova, &
Teoldo, 2017) and particularly rely on
(a) postural-cue usage, which regards
the ability to pick up visual informa-
tion emanating from the movements
or body orientations of a subject such
as an opponent (Smeeton, Hiittermann,
& Williams, 2019), (b) pattern identi-
fication, which refers to the ability to
detect familiarity and structure in an
evolving situation (North & Williams,
2019), (c) visual search behavior, which
regards the search strategy to extract the
most pertinent information (Casanova,
Oliveira, Williams, & Garganta, 2009),
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and (d) situational-probability estima-
tion, which relates to the ability to
generate accurate predictions of the
options that might occur in a specific
situation (Farrow & Reid, 2012).

In sport games, pattern identification
is regarded as a strong predictor for de-
cision making (Farrow, McCrae, Gross,
& Abernethy, 2010; Williams & Jackson,
2019) and the use of situational probabil-
ities as a powerful source of information
(Farrow & Reid, 2012). However, the
development of such skills is consider-
ably underresearched (Williams, Fawver,
Broadbent, Murphy, & Ward, 2019). So
far, investigations have focused on su-
perior performance of skilled players
compared to less-skilled counterparts
for situational probabilities (Abernethy,
Gill, Parks, & Packer, 2001; Farrow &
Reid, 2012; Helm, Caiial-Bruland, Mann,
Troje, & Munzert, 2020; Magnaguagno,
Zahno, Kredel, & Hossner, 2022) and
pattern identification—more precisely,
pattern detection (Magnaguagno &
Hossner, 2020), pattern recognition
(North, Williams, Hodges, Ward, & Er-
icsson, 2009; North, Ward, Ericsson, &
Williams, 2011; Roca, Ford, McRobert,
& Williams, 2013; Vater, Luginbiihl, &
Magnaguagno, 2019; Williams, Hodges,
North, & Barton, 2006), as well as pattern
recall (Gorman, Abernethy, & Farrow,
2012, 2015; North, Hope, & Williams,
2017; Raab & Farrow, 2015; Sherwood,
Smith, & Masters, 2019; Smeeton, Ward,
& Williams, 2004; van Maarseveen,
Oudejans, & Savelsbergh, 2015). In con-
trast, the relevance of the intertwining
between different perceptual-cognitive

skills has received far less attention; even
though it has been claimed that it is
the interaction of these skills that facili-
tates decision making (Roca & Williams,
2016; Williams et al., 2017). Respective
studies were generally dedicated to the
use of postural cues in relation to one
other perceptual-cognitive skill (Gor-
man etal,, 2015; North etal., 2009; North
et al, 2011). Even more rarely, stud-
ies examined the interaction of pattern
identification and situational-probabil-
ity estimation (as an exception, see Roca
et al., 2013). The relationship between
these perceptual-cognitive skills could
be ascribed to the fact that players de-
velop specific knowledge on patterns
that, in turn, enables them to establish
accurate expectations of likely events
(Williams, Davids, & Williams, 2000).
However, only a few studies so far
have tried to tackle the relationship be-
tween either patternidentification or situ-
ational-probability estimation on the one
hand and players’ actual performance on
the other hand (North et al., 2009; North
et al,, 2011; Sherwood et al., 2019; van
Maarseveen, Oudejans, Mann, & Savels-
bergh, 2018). The cited studies each used
difference operationalizations of player
performance, such as coaches’ ratings of
players’ on-field decision making (Sher-
wood et al., 2019), in situ decision-mak-
ingscores (van Maarseveenetal., 2018) or
assessments of anticipation from a third-
person perspective (North et al., 2009;
North et al.,, 2011). However, notably,
none of these studies found a signifi-
cant correlation between pattern identi-
fication and players’ game performance.
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Furthermore, since these studies did not
assess pattern identification and perfor-
mance within the same task but indepen-
dently of each other, the relevance of the
obtained findings seems to be limited.

Finally, research conducted on pat-
tern identification and situational-prob-
ability estimation in sports has struggled
to address the issue of ecological valid-
ity in the test conditions (Mann, Aber-
nethy, & Farrow, 2010; Pinder, Davids,
Renshaw, & Aratjo, 2011). For example,
tasks used for assessing pattern identifica-
tion did not incorporate any motor-skill
component as a core requirement of per-
formance (Williams & Ericsson, 2005).
Moreover, as stated by van Maarseveen
et al. (2018), real-world demands have
been examined in rather artificial settings
with videos projected on a two-dimen-
sional (2D) screen or even presented on
rather small displays. Consequently, to
thebest of our knowledge, thereare no ex-
perimental studies that have (a) success-
fully related either pattern identification
or situational-probability estimation to
game performance and (b) assessed these
skills under high ecologically valid con-
ditions within the same task.

Therefore, the current study aims to
contribute to the current understanding
by addressing the role of perceptu-
al-cognitive skills in decision making
in sports games. Specifically, we present
findings on the relationship between
handball players’ ability to explicitly de-
tecta game-specific patternand to initiate
correct real-world motor responses in
a 3:3 immersive defensive task. Previous
research in team handball showed, on the
one hand, a consensus on the superior
decision making of more experienced
players compared to less experienced
players in adult (Magnaguagno & Hoss-
ner, 2020) and youth players (Hinz et al.,
2022; Magnaguagno et al., 2022) and,
on the other hand, a tendency that ex-
perts outperform their counterparts in
pattern recall (Raab & Farrow, 2015) as
well as pattern detection (Magnaguagno
& Hossner, 2020). With respect to the
latter, however, recent research on youth
handball players revealed no relevant
differences (Magnaguagno et al., 2022).

To extend the knowledge about the
relationship between the aforementioned
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factors of decision making and pattern
detection, we used data collected in two
previously published studies on the im-
pact of contextual priors on performance
(Magnaguagno & Hossner, 2020; Mag-
naguagno et al., 2022). However, as we
used the data sets to conduct fundamen-
tally different analyses, the presented em-
pirical results should be regarded as origi-
nal data of randomized controlled trials.
In more detail, the available data sets
allowed for unique analyses of the role
of (a) pattern detection of teammates’
defensive qualities on (b) the player’s re-
sponse correctness (c) asa function of the
player’s domain-specific experience. We
based ouranalyses ontheassumption that
experts’ superior decision-making facili-
tates the extraction of explicit knowledge
of situational patterns through the pro-
cess of “representational redescription’,
which regards a cyclical process of ex-
ploitation of internally stored informa-
tion by iteratively changing its represen-
tational format so that implicit know-
ledge might turn into explicit knowledge
(Karmiloft-Smith, 1994). This concept
can be regarded as being in opposition
to the standpoint that the extraction of
explicit knowledge about situational pat-
terns directly facilitates experts’ supe-
rior decision making, as it has alterna-
tively been proposed in respective re-
search (e.g., Abernethy, Joseph, & Coté,
2005).

Experiment 1

Experiment 1 refers to the data set gath-
ered by (Magnaguagno et al., 2022) in
their study on contextual information in
situations of different degrees of uncer-
tainty. Elite youth handball players were
compared with near-elite youth handball
players in a between-participant design.

Method

Participants

Fifty-seven youth male handball play-
ers were recruited. This sample size re-
sulted from the original study of (Mag-
naguagno et al., 2022), in which a sta-
tistical power analysis revealed an opti-
mal total sample size of 60 participants.
A post hoc analysis for an F-test and

analysis of variance (ANOVA) design
(i.e., main effects, within-between inter-
action) that was additionally conducted
in G*power 3 (Faul, Erdfelder, Lang, &
Buchner, 2007) with the input parame-
ters [averaged f] = 0.42, o err prob =0.05,
N=57, numerator df= 3, and number of
groups =4, revealed a power [1-f err
prob] of 0.73.

Elites (n=30; Mag=17.13 years,
SD=0.94) played in the highest na-
tional division. They had 8.53 years
(SD=12.37 years) of practice experience
with 7.38h (SD=2.33h) of practice per
week, and 6.40 seasons (SD=1.77 sea-
sons) of competition experience with
22.27 games (SD=5.50 games) per sea-
son. Near-elites (n = 27; Mag. = 16.93 years,
SD=0.87) played in the lowest of three
national divisions. They had 6.70 years
(SD=2.48 years) of practice experience
with 5.00h (SD=2.03h) of practice per
week, and 5.30 seasons (SD=1.44 sea-
sons) of competition experience with
17.19 games (SD=5.80 games) per sea-
son.

In both groups, only players who nor-
mally defended at the positions relevant
to the present study were selected. How-
ever, to check experience differences,
five separate one-way ANOVAs were
conducted. As expected, elite players
started playing handball earlier with re-
gards to both practicing, F(1, 55) = 8.10,
p=0.006, 1n,>=0.13, and competition
experience, F(1, 55)=6.55, p=0.013,
np?>=0.11, they practiced more hours
per week, F(1, 55)=16.76, p<0.001,
np?>=0.23, and partook in more games
per season, F(1, 55)=11.52, p=0.001,
Np>=0.17, than their near-elite coun-
terparts. No significant difference was
found for age, F(1, 55)=0.74, p=10.393,
Np>=0.01. The original study (Mag-
naguagno et al, 2022) was approved
by the ethics committee of the Univer-
sity Faculty (reference number 2020-11-
00003), and all participants provided
informed consent prior to participation.

Apparatus, procedure, and
measures

Participants were placed in a life-sized
Cave Automatic Virtual Environment
(CAVE) environment projecting real-
world simulations of 3:3 handball situa-



tions from the perspective of the central
defensive player on a 6.00mx3.75m
front wall, two 11.00mx3.75m side-
walls, and the 6.00mx11.00m floor.
Their starting position was on the 6 m
line that was—like all other handball-
specific lines—projected on the floor, so
that the distances to the sidewalls and
front wall of the laboratory were 3m.
In this virtual-reality environment, the
participants’ perspectives almost per-
fectly matched to real-world defensive
situations. The participants were thus
instructed to act as they would as the
central defender in a real-world envi-
ronment with the ultimate objective to
prevent goals.

A total of 144 experimental scenes
ended with a 1:1 situation between one
of the participant’s teammates and the
respective left or right offensive back.
The defensive quality of the responsible
teammate was systematically manipu-
lated to be either weak or strong; with
the weak teammate losing and the strong
teammate winning the 1:1 situations in
two-thirds of cases, respectively. The
losing situations (weak teammate = 67%,
strong teammate=33%) consistently
ended with a throw at the goal and
the winning situations (weak team-
mate=33%, strong teammate=67%)
with a foul according to the rules. To
increase overall variance as well as eco-
logical validity, the experimental scenes
were complemented by 48 further scenes
that consisted of typical handball situa-
tions but without a particular defensive
or action outcome pattern.

Participants were tested individually
in single sessions of 60 min. During this
time, participants were allowed to accus-
tom themselves to the experimental setup
over four familiarization trials and, sub-
sequently, partook in 192 experimental
trials. Response correctness was calcu-
lated as the percentage of correct defen-
sive actions—in losing situations a side-
ways move to support the teammate and
in winning situations keeping the cen-
tral position—over the last 48 experi-
mental trials. To assess whether partici-
pants did not or did act according to the
correct response, handball-experienced
raters judged each of the participants’ de-
fensive actions by watching the footage.

Subsequently, an explicit-knowledge test
was conducted, in which participants had
to specify whether their teammates dif-
fered in their defensive qualities or not,
and if so, toidentify the stronger defender
by their jersey number. Pattern detection
was coded on a continuum from misiden-
tifying (= 0) over being unaware of (= 1) to
correctly identifying (= 2) the difference
between teammates’ defensive qualities
(for further details, see Magnaguagno et
al., 2022). For the present analysis, par-
ticipants were further assigned to one of
two subgroups; namely either “detection”
(code 2) or “no detection” (code 0 or 1).

Data analysis

Statistical tests were performed using
SPSS 28.0.0 (IBM, Armonk, NY, USA).
The relationship between pattern de-
tection and response correctness was
examined by calculating Spearman’s
Rho correlation coefficients (r;) as an
effect-size measure. Additionally, a 2x 2
ANOVA was conducted to assess the
effects of pattern detection (detection vs.
no detection) and experience (near-elite
vs. elite players) on response correctness.
Partial eta square (n,*) was calculated
as an effect-size measure according to
Cohen (1988). The alpha level for all
statistical tests was set a priori at a = 0.05.

Results

As illustrated in @ Fig. 1, Spearman’s Rho
correlations revealed no significant rela-
tionships between pattern detection and
response correctness; neither for near-
elites (r,=0.22, p=0.279) nor for elites
(rs=0.28, p=0.131). Only by tendency,
we observe an increasing coefficient with
greater experience, meaning that therela-
tionship between pattern detection and
response correctness was slightly more
pronounced for elite players. This result
implies that making correct decisions is
not based on superior pattern detection.

As depicted in BFig. 2, a two-way
ANOVA examining the influence of pat-
tern detection (2) and experience (2) on
response correctness revealed neither
an interaction effect, F(3, 53)<0.01,
p=0.978, 1n,><0.01, nor a main effect
for pattern detection, F(3, 53)=2.52,
p=0.118, 1np,>=0.05. However, a signif-
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Abstract

In sport games, perceptual—cognitive skills
are discussed as a decisive aspect of players’
expertise. However, an understanding of the
relationship between these skills and actual
game performance is limited, particularly,
regarding the role of pattern identification
and situational-probability estimation in
performance. The present study thus aimed
to examine how identification of teammates’
defensive qualities relates to decision-
making performance in a 3:3 virtual-reality
defensive task. Examining data collected

in two previously published studies, we
analyzed the relationship between explicit
pattern detection and response correctness,
and also as a function of players’ experience.
Experience was operationalized as either
expertise level (Experiment 1) or task-
specific experience (Experiment 2). As
expected, the explicit detection of a game-
specific pattern was found to be facilitated
by experience. However, the results imply
that it is accumulated experience that
enhances decision-making performance
rather than the degree of self-generated
explicit knowledge. This finding supports the
notion of “representational redescription”
as introduced by Karmiloff-Smith (1994).
For sports practice, this suggests that the
pattern identification demonstrated by
skilled athletes should not be overestimated
as a predictor of game performance,

while the explicit provision of knowledge
might be beneficial for less-skilled athletes,
particularly in situations of high uncertainty.

Keywords

Perceptual-cognitive skills - Sport games -
Expertise - Virtual reality - Response
correctness - Pattern detection

icant main effect for experience, F(3,
53)=34.84, p<0.001, 1,>=0.40, was
found. While elites showed superior
decision making (elites: M=67.41%,
SD=9.04%; near-elites: M=53.32%,
SD=8.30%), explicitly identifying the
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Fig. 1 < Response correct-
ness related to pattern de-
tection (0=misidentified,

2 1=unaware, 2 = correctly
identified) for near-
elites (a) and elites (b)

Apparatus, procedure, and

The stimuli and setup were the same as
in Experiment 1. In Experiment 2, how-
ever, the weak teammate always lost and
the strong teammate always won his 1:1
defense situations. From a total of 96 ex-
perimental scenes, response-correctness
measures were calculated as the percent-
age of correct defensive actions in the

100 - Near-Elite: r; = .22, p = .279 100 - Elite: ry = .28, p=.131
o) e L]
£ g0+ = Sa0t s s
@ 2 ]
g . L L e— s |
§ 60 - ! ' § 60 7 s (]
S 40 p 8 O 40
2 2
o o
% 20 A 2,‘ 20
14 14
0 : ) 0 - )
0 1 2 0 1
a Pattern Detection (scale units) b Pattern Detection (scale units)
100 1 W Detection ONo Detection
measures
X
~ 80 -
(]
o T
|53 60 4
£ 1
o
= o N~ (32}
3 40 4 t. = = ° Fig. 2 < Response
S : = c c correctness (Mand
& 20 1 SE) as a function of
14 .
pattern detection
0 + ) (detectionvs.node-
Near-Elite Elite

Experience (Expertise Level)

game-specific pattern only affected
performance by tendency (detection:
M=63.50%, SD=10.97%; no detection:
M=58.86%, SD=11.06%).

Experiment 2

Experiment 2 refers to the data collected
by Magnaguagno & Hossner (2020), who
examined the impact of self-generated vs.
explicitly acquired contextual knowledge
on anticipatory performance in experi-
enced adult handball players. Since—in
contrast to Experiment 1—response cor-
rectness and pattern detection were as-
sessed twice in testing, the role of ex-
perience (i.e., experimental phase) could
in this case be examined in a within-
participant design.

Method

Participants

Twenty-four male handball players
(Mage=25.75 years, SD=3.96) were re-
cruited. This sample size resulted from
the original study of (Magnaguagno &
Hossner, 2020), in which a statistical
power analysis revealed an optimal total
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tection) and experi-
ence (near-elite vs.
elite)

sample size of 14 participants. A posthoc
analysis for an F-test and ANOVA design
(i.e., repeated measures, within-between
interaction) that was additionally con-
ducted in G*power 3 (Faul et al., 2007)
with the input parameters [averaged
f1=0.50, a err prob=0.05, N=24, num-
ber of groups=3, and number of meas-
urements = 2, revealed a power [1- 8 err
prob] of 0.99.

Players had 15.50 years (SD=4.48
years) of handball-specific experience
andonaverage 4.96 years (SD = 3.86 years)
of playing experience on their highest in-
dividual level, which was either the high-
estor the fourth-highest national division
(for further details, see Magnaguagno &
Hossner, 2020). Only players who nor-
mally defended at the positions relevant
to the present study were selected. The
original study (Magnaguagno & Hoss-
ner, 2020) was approved by the ethics
committee of the University Faculty (ref-
erence number 2017-12-00003), and all
participants provided informed consent
prior to participation.

first 32 trials and in the middle 32 tri-
als, respectively. Since in Experiment 2,
the explicit information about the team-
mates’ defensive strength was provided
before the third phase and no assessment
of pattern detection followed afterwards,
the originally collected last 32 trials were
excluded from the analysis. On this basis,
the first and middle experimental phases
were labelled as the (comparably) “early”
and “late” phase, respectively. Similar to
Experiment 1, the experimental scenes
in Experiment 2 were complemented by
48 further scenes to increase ecological
validity as well as overall variance.
Pattern detection was not only as-
sessed finally after the “late” experimental
phase but also between the “early” and
“late” phases. To this end, after each
phase, participants filled out a 30-item
questionnaire in which—in order to hide
the experimenters’ focus—just two items
were relevant to the research question at
hand. These items referred to the qual-
ity of the two teammates’ defense against
body feints on the side of the throwing-
arm. They had to be rated on the 4-point
scale from very good (= 1) to not good at all
(= 4). Pattern detection was measured as
the difference between the ratings of the
weak and the strong teammate; meaning
that a maximum value of 3 corresponds
to perfect pattern detection, while a value
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of 0 reflects equal quality ratings for both
teammates (for further details, see Mag-
naguagno & Hossner, 2020). Toaddition-
ally conduct group comparisons for the
present data analysis, participants with
scores of 0 or 1 were regarded as nonde-
tectors and participants with scores of 2
or 3 as detectors. The repeated-measure-
ment design further allowed us to com-
pare three post hoc subgroups; namely
“no detection” (nondetectors after both
the early and late phases), “late detection”
(nondetectors after the early phase and
detectors after the late phase), and “early
detection” (detectors after both the early
and late phases). Notably, no participant
has been found who showed an early but
not a late detection.

Data analysis

As in Experiment 1, Spearman’s corre-
lation coefficients (r;) were calculated as
effect-size measures to examine the rela-
tionship between pattern detection and
response correctness. Here, the correla-
tions were calculated separately for the
early and late experimental phases. Ad-
ditionally, a 3 x 2 ANOVA with repeated
measures was conducted to examine the

B Early Detection @Late Detection ONo Detection

Fig. 4 < Response
correctness (M and
SE) as afunction of
pattern detection
(early detection vs.
late detection vs.
no detection) and
experience (early vs.
late)

Late

effects of pattern detection (early detec-
tion vs. late detection vs. no detection)
and experience (early vs. late experimen-
tal phase) on response correctness. Par-
tial eta square (n,*) was calculated as an
effect-size measure according to Cohen
(1988). The alpha level for all statistical
tests was set a priori at a=0.05.

Results

As shown in @ Fig. 3, the Spearman’s Rho
correlations between pattern detection
and response correctness revealed a pos-
itive, nonsignificant trend with a small
effect size in the early experimental phase
(rs=0.26, p=0.225) and a positive, sig-
nificant correlation with a medium ef-
fect size in the late experimental phase
(rs=0.43, p=0.036). This result implies
that either decision making is improved
by pattern detection with increasing ex-
perience or—vice versa—that pattern de-
tection is enhanced by improved decision
making as a function of increased expe-
rience.

As depicted in OFig. 4, a two-way
ANOVA examining response correct-
ness with the factors of pattern detection

sure on the latter revealed neither an in-
teraction effect, F(1,21)=0.36, p=10.703,
np?=0.03, nor a main effect for pattern
detection, F(1, 21)=2.52, p=0.105,
np?>=0.19. However, a significant main
effect for experience, F(1, 21)=13.23,
p=0.002, n,>=0.39, was found. While
players enhanced their response cor-
rectness with increasing task-experi-
ence (early: M=51.04%, SD=11.46%;
late: M=56.25%, SD=12.43%), pattern
identification affected decision mak-
ing only by tendency (early detection:
M=59.37%, SD = 14.61%; late detection:
M=55.21%, SD=8.71%; no detection:
M=48.13%, SD=7.86%).

Overall discussion

The current investigation aimed to ex-
amine the relationship between the ex-
plicitidentification of a specific game pat-
tern and decision-making performance
in complex defense situations in hand-
ball. To this end, we made use of data on
teammates’ defensive qualities and play-
ers’ response correctness collected over
the course of two previously published
studies. The present analyses extended
the previous studies by assessing pat-
tern detection and response correctness
as a function of players’ domain-specific
experience, which was operationalized as
either expertise level (Experiment 1) or
experimental phase (Experiment 2).

In line with previous research (Mann
et al., 2007), the results obtained from
both experiments showed that—unsur-
prisingly—more experienced players
outperformed their less experienced
counterparts in decision making. We
assume that the superior performance of

German Journal of Exercise and Sport Research ‘



Main Article

the more experienced players is not just
caused by accumulated training hours
(cf. Scharfen & Memmert, 2019) since
specific perceptual-cognitive training is
required to develop a high-performance
level rather than just years of hands-on
experiences (Lidor, Tenenbaum, Ziv, &
Issurin, 2016). From a cognitive perspec-
tive, the higher performance of expert
athletes mainly depends on cognitive
processes that mediate the interpreta-
tion of a stimulus and the selection of an
appropriate response (Hodges, Chua, &
Franks, 2003). In this context, the type
of cognitive construct—the more repre-
sentative the cognitive test is, the more
sensitive the measure—and the sport
specificity of the stimuli used in the task
are the crucial factors to differentiate be-
tween higher and lower skilled athletes
(Kalén et al.,, 2021). Consequently, the
reported experimental setups seem to
be appropriate to measure performance
differences.

Surprisingly and in contrast to the ma-
jority of previous laboratory-based re-
search (Gorman et al.,, 2012, 2015; Mag-
naguagno & Hossner, 2020; North et al.,
2009, 2011, 2017; Sherwood et al., 2019;
Williams et al.,, 2006), the findings of Ex-
periment 1 showed that players ofahigher
expertise level were not explicitly more
aware of the pattern compared to their
counterparts (B Fig.2). With respect to
the only other study which operational-
ized pattern identification as the ability to
detect a pattern of play (Magnaguagno &
Hossner, 2020), the discrepancy could be
related to the distinctness of the pattern.
While in the study of Magnaguagno and
Hossner (2020) the pattern was valid in
100% of cases, a distinction of 67% was
used in the Experiment 1.

For the main focus of the present re-
search, only sparse evidence was found in
support of the expectation that decision-
making superiority is based on an in-
crease in explicit domain-specific know-
ledge on the experimentally induced de-
fense pattern (@ Figs. 1and 3) as it was
proposed by other researchers (e.g., Far-
row et al, 2010; Williams & Jackson,
2019). In contrast, our results revealed
an increase in decision-making perfor-
mance as a function of experience and
not as a function of pattern identifica-
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tion (B Fig. 2 and especially the late-de-
tection subgroup in @Fig. 4). At this
point, it seems to be of particular in-
terest that the participants of the late-
detection subgroup did not show greater
improvements in decision-making per-
formance than participants who either
had detected the pattern already in the
early phase (early-detection subgroup)
or were not able to detect the pattern
at all (no-detection subgroup). This re-
sult implies that the late-detection sub-
group’s improvements in decision-mak-
ing performance cannot be attributed to
the gain of explicit knowledge on the
game pattern from the early to the late
phase of the experiment. Thus, we con-
clude that it is the experts’ superior deci-
sion making that allows for better extrac-
tion of explicit knowledge on situational
patterns; meaning that the extent of im-
plicitlyaccumulated knowledge increases
the chance of generating explicit know-
ledge in a process of “representational re-
description” (Karmiloff-Smith, 1994; for
decision making in sports, see also Mag-
naguagno & Hossner, 2020). This con-
ceptualization obviously contradicts the
classic position that the ability to ex-
plicitly identify patterns of play forms
a prerequisite to superior decision-mak-
ing performance in sport games (Aber-
nethy et al, 2005; Williams & Davids,
1995; for comparable results, see North
etal., 2009; North et al., 2011; Sherwood
etal., 2019; van Maarseveen et al., 2018).

Moreover, the present findings should
be regarded as a particularly relevant
contribution due to the robustness of
the findings—predominantly, since the
experiments included both different
age groups (i.e., youth and adult hand-
ball players) and varying teammates’
strength patterns (i.e., more or less
distinctive behaviors of either 67% or
100%). However, further research is
required to sufficiently substantiate a di-
rectional causal path from decision-
making performance to explicit pattern
identification in sport games. Particu-
larly, research to address the limitations
of the present studies seems to be desir-
able, which include comparatively small
sample sizes, the post hoc comparison
of unequally sized subgroups in Exper-
iment 2 as well as the laboratory-based

design that—while maintaining high
ecological validity—might only partially
transfer to real-world conditions. Be-
yond, the transferability of findings in
laboratory settings to real-world condi-
tion has been questioned also in regards
to the kind of stimulus presentation,
for instance, by Aksum, Magnaguagno,
Bjorndal, and Jordet (2020) who reported
discrepancies between real-world results
on football players’ visual fixation du-
rations and respective laboratory-based
findings. For our setup, however, we
would like to stress that the temporal
and spatial conditions were quite rep-
resentative and that, on the one hand,
it might be generally regarded as an
extremely difficult problem to reproduce
the complexity of the real world with
its mental and physical demands as well
as its multiple landscape of information
while, on the other hand, securing exper-
imental control. Nevertheless, we admit
that future research should also focus
on the stimulus-presentation aspect of
ecological validity.

When—despite theselimitations—pur-
suing the here unfolded line of argu-
ment, it can be concluded that players’
explicit pattern identification should not
be overemphasized as an indicator of
decision-making performance in sports.
Notably, this finding is supported by van
Maarseveen et al. (2018) who argue that
the ability to explicitly identify a pattern
of play is not an underpinning skill
of anticipation and decision making.
Thus, it seems appropriate to discuss
pattern identification as one of four per-
ceptual-cognitive skills (e.g., Casanova
et al., 2009) at least more differentially,
in particular by distinguishing between
implicit and explicit knowledge about
a pattern of play. As a consequence for
practice, this also implies that using an
explicit pattern-identification test for the
purpose of talent identification (Sher-
wood et al., 2019) or trying to improve
this ability through interventions (van
Maarseveen et al., 2018) seems to be
questionable.

However, when concluding that ex-
plicit knowledge self-generated during
practice improves performance toalesser
degree than accumulated practice itself,
this certainly does not imply that the pro-



vision of explicit knowledge is useless
or might even hamper decision-making
performance (as it is, for instance, ex-
pressed in the re-investment theory by
Masters & Maxwell, 2008). Rather, we
would recommend discussing the con-
troversial issue of information provision
more cautiously. Especially, regarding
practical implications for coaches, we
would like to suggest that the acquisition
of experienced players implicit know-
ledge should be supported by deliberate
play, thus allowing the players accumu-
late this knowledge implicitly. In con-
trast, it could be helpful to provide less-
experienced players with explicit infor-
mation to support their decision-mak-
ing quality since they might not have
gained sufficientexpertise to generate this
knowledge by themselves. As shown em-
pirically by Magnaguagno et al. (2022),
this suggestion particularly applies if the
crucial knowledge would need to be gen-
erated under conditions of high uncer-
tainty. Future research should thus fo-
cus not only on the interplay between
game performance and perceptual-cog-
nitive skills—such as the ability to explic-
itly identify game patterns—but also on
situational probabilities as well as players’
competence to handle game-immanent
uncertainties.

Corresponding address

Lukas Magnaguagno
Institute of Sport Science,
University of Bern
Bremgartenstr. 145,

3012 Bern, Switzerland

4"

lukas.magnaguagno@unibe.ch

Acknowledgements. The authors like to thank
Nicole Kaufmann, Manuel Bamert and Nicolas Moor
for their assistance in the data collection, the fac-
ulty’s technology platform, and Dr. Ralf Kredel for
their indispensable technical support and Catherine
Haber for valuable comments on an earlier draft of
this paper as well as for proof reading.

Funding. Open access funding provided by Univer-
sity of Bern

Declarations

Conflict of interest. L. Magnaguagno, E.-J. Hossner,
J.Schmid and S. Zahno declare that they have no
competing interests.

For this article no studies with human participants
oranimals were performed by any of the authors. All
studies mentioned were in accordance with the ethical
standards indicated in each case.

Open Access. This article is licensed under a Creative
Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and re-
production in any medium or format, as long as you
give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons li-
cence, and indicate if changes were made. Theimages
orother third party material in this article are included
inthe article’s Creative Commons licence, unless in-
dicated otherwise in a credit line to the material. If
material is notincluded in the article’s Creative Com-
mons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by/4.0/.

References

Abernethy, B., Gill, D.P, Parks, S. L., & Packer, S.T.(2001).
Expertise and the perception of kinematic and
situational probability information. Perception,
30(2),233-252. https://doi.org/10.1068/p2872.

Abernethy, B., Joseph, B., & Coté, J. (2005). Transfer
of pattern recall skills May contribute to the
development of sport expertise. Applied
Cognitive Psychology, 19(6), 705-718. https://
doi.org/10.1002/acp.1102.

Aksum, K. M., Magnaguagno, L., Bjerndal, C.T., &Jordet,
G. (2020). What do football players look at?
An eye-tracking analysis of the visual fixations
of players in 11 v 11 elite football match play.
Frontiers in Psychology, 11,562995. https://doi.
0rg/10.3389/fpsyg.2020.562995.

Casanova, F, Oliveira, J., Williams, A. M., & Garganta, J.
(2009). Expertise and perceptual-cognitive per-
formance in soccer: areview. Revista Portuguesa
de Ciéncias do Desporto, 9(1), 115-122. https://
doi.org/10.5628/rpcd.09.01.115.

Cohen, J. (1988). Statistical power analysis for the
behavioural sciences. Hillsdale: Erlbaum.

Farrow, D., & Reid, M. (2012). The contribution of sit-
uational probability information to anticipatory
skill. Journal of Science and Medicine in Sport,
15(4),368-373. https://doi.org/10.1016/j.jsams.
2011.12.007.

Farrow, D., McCrae, J., Gross, J., & Abernethy, B. (2010).
Revisiting the relationship between pattern
recalland anticipatory skill. International Journal
of Sport Psychology,41(1),91-106.

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A.
(2007). G*power 3: A flexible statistical power
analysis program for the social, behavioral,
and biomedical sciences. Behavior Research
Methods, 39(2), 175-191. https://doi.org/10.
3758/bf03193146.

Gorman, A.D., Abernethy, B., & Farrow, D. (2012).
Classical pattern recall tests and the prospec-
tive nature of expert performance. Quar-
terly Journal of Experimental Psychology, 65(6),
1151-1160. https://doi.org/10.1080/17470218.
2011.644306.

Gorman, A.D., Abernethy, B., & Farrow, D. (2015).
Evidence of different underlying processes in
pattern recall and decision-making. Quar-
terly Journal of Experimental Psychology, 68(9),
1813-1831. https://doi.org/10.1080/17470218.
2014.992797.

Helm, F, Cafal-Bruland, R., Mann, D.L., Troje, N.F,
& Munzert, J. (2020). Integrating situational
probability and kinematic information when
anticipating disguised movements. Psychology
of Sport and Exercise, 46, 101607. https://doi.
0rg/10.1016/j.psychsport.2019.101607.

Hinz, M., Lehmann, N., Aye, N., Melcher, K., Tolentino-
Castro, J.W., Wagner, H., & Taubert, M.
(2022). Differences in decision-making behavior
between elite and amateur team-handball
players in a near-game test situation. Frontiers
in Psychology, 13, 854208. https://doi.org/10.
3389/fpsyg.2022.854208.

Hodges, N.J., Chua, R., & Franks, I. M. (2003). The role
of video in facilitating perception and action
of a novel coordination movement. Journal of
Motor Behavior, 35(3), 247-260. https://doi.org/
10.1080/00222890309602138.

Kalén, A., Bisagno, E., Musculus, L., Raab, M., Pérez-
Ferreirds, A., Williams, A. M., Araujo, D., Lindwall,
M., & Ivarsson, A. (2021). The role of domain-
specificand domain-general cognitive functions
andskillsinsports performance: ameta-analysis.
Psychological Bulletin, 147(12), 1290-1308.
https://doi.org/10.1037/bul0000355.

Karmiloff-Smith, A. (1994).  Précis of Beyond
modularity: A developmental perspective
on cognitive science. Behavioral and Brain
Sciences, 17(4), 693-707. https://doi.org/10.
1017/S0140525X00036621.

Lidor, R., Tenenbaum, G., Ziv, G., & Issurin, V. (2016).
Achieving expertisein sport: deliberate practice,
adaptation, and periodization of training.
Kinesiology Review, 5(2), 129-141. https://doi.
0rg/10.1123/kr.2015-0004.

van Maarseveen, M.J.J., Oudejans, R.R.D., & Savels-
bergh, G.J.P. (2015). Pattern recall skills of
talented soccer players: two new methods
applied. Human Movement Science, 41, 59-75.
https://doi.org/10.1016/j.humov.2015.02.007.

van Maarseveen, M.J.J., Oudejans, R.R.D., Mann,
D.L., & Savelsbergh, G.J.P. (2018). Perceptual-
cognitive skill and the in situ performance of
soccer players. Quarterly Journal of Experimental
Psychology, 71(2), 455-470. https://doi.org/10.
1080/17470218.2016.1255236.

Magnaguagno, L., & Hossner, E.-J. (2020). The
impact of self-generated and explicitly acquired
contextual knowledge on anticipatory per-
formance. Journal of Sports Sciences, 38(18),
2108-2117. https://doi.org/10.1080/02640414.
2020.1774142.

Magnaguagno, L., Zahno, S., Kredel, R., & Hossner,
E.-J. (2022). Contextual information in situ-
ations of uncertainty: The value of explicit-
information provision depends on expertise
level, knowledge acquisition and prior-action
congruency. Psychology of Sport and Exercise, 59,
102109. https://doi.org/10.1016/j.psychsport.
2021.102109.

Mann, D.L., Abernethy, B., & Farrow, D. (2010). Action
specificity increases anticipatory performance
and the expertadvantage in natural interceptive
tasks. Acta Psychologica, 135(1), 17-23. https://
doi.org/10.1016/j.actpsy.2010.04.006.

Mann, D.T.Y., Williams, A.M., Ward, P, & Janelle,
C.M. (2007). Perceptual-cognitive expertise in
sport: ameta-analysis. Journal of Sport & Exercise
Psychology, 29(4), 457-478. https://doi.org/10.
1123/jsep.29.4.457.

Marteniuk, R.G. (1976). Information processing in
motor skills. New York: Holt, Rinehart, and
Winston.

German Journal of Exercise and Sport Research


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1068/p2872
https://doi.org/10.1002/acp.1102
https://doi.org/10.1002/acp.1102
https://doi.org/10.3389/fpsyg.2020.562995
https://doi.org/10.3389/fpsyg.2020.562995
https://doi.org/10.5628/rpcd.09.01.115
https://doi.org/10.5628/rpcd.09.01.115
https://doi.org/10.1016/j.jsams.2011.12.007
https://doi.org/10.1016/j.jsams.2011.12.007
https://doi.org/10.3758/bf03193146
https://doi.org/10.3758/bf03193146
https://doi.org/10.1080/17470218.2011.644306
https://doi.org/10.1080/17470218.2011.644306
https://doi.org/10.1080/17470218.2014.992797
https://doi.org/10.1080/17470218.2014.992797
https://doi.org/10.1016/j.psychsport.2019.101607
https://doi.org/10.1016/j.psychsport.2019.101607
https://doi.org/10.3389/fpsyg.2022.854208
https://doi.org/10.3389/fpsyg.2022.854208
https://doi.org/10.1080/00222890309602138
https://doi.org/10.1080/00222890309602138
https://doi.org/10.1037/bul0000355
https://doi.org/10.1017/S0140525X00036621
https://doi.org/10.1017/S0140525X00036621
https://doi.org/10.1123/kr.2015-0004
https://doi.org/10.1123/kr.2015-0004
https://doi.org/10.1016/j.humov.2015.02.007
https://doi.org/10.1080/17470218.2016.1255236
https://doi.org/10.1080/17470218.2016.1255236
https://doi.org/10.1080/02640414.2020.1774142
https://doi.org/10.1080/02640414.2020.1774142
https://doi.org/10.1016/j.psychsport.2021.102109
https://doi.org/10.1016/j.psychsport.2021.102109
https://doi.org/10.1016/j.actpsy.2010.04.006
https://doi.org/10.1016/j.actpsy.2010.04.006
https://doi.org/10.1123/jsep.29.4.457
https://doi.org/10.1123/jsep.29.4.457

Main Article

Masters, R., & Maxwell, J. (2008). The theory of
reinvestment. International Review of Sport and
Exercise Psychology, 1(2), 160-183. https://doi.
0rg/10.1080/17509840802287218.

North, J.S., & Williams, A. M. (2019). Familiarity detec-
tion and pattern perception. In A.M. Williams
& R.C. Jackson (Eds.), Anticipation and decision
making in sport (pp.25-42). Routledge.

North, J.S., Williams, A.M., Hodges, N., Ward, P, &
Ericsson, K. A. (2009). Perceiving patterns in
dynamic action sequences: Investigating the
processes underpinning stimulus recognition
and anticipation skill. ~ Applied Cognitive
Psychology, 23(6), 878-894. https://doi.org/10.
1002/acp.1581.

North, J.S., Ward, P, Ericsson, A., & Williams,
A.M. (2011). Mechanisms underlying skilled
anticipation and recognition in a dynamic and
temporally constrained domain. Memory, 19(2),
155-168. https://doi.org/10.1080/09658211.
2010.541466.

North, J.S., Hope, E., & Williams, A.M. (2017).
Identifying the micro-relations underpinning
familiarity detection in dynamic displays
containing multiple objects.  Frontiers in
Psychology, 8, 963. https://doi.org/10.3389/
fpsyg.2017.00963.

Pinder, R.A., Davids, K., Renshaw, I., & Araujo, D.
(2011). Representative learning design and
functionality of research and practice in sport.
Journal of Sport & Exercise Psychology, 33(1),
146-155. https://doi.org/10.1123/jsep.33.1.
146.

Raab, M., & Farrow, D. (2015). Examining the stability
and specificity of pattern recall in team handball.
International Journal of Sport Psychology, 46(6),
513-527. https://doi.org/10.7352/1JSP2015.46.
513.

Roca, A., & Williams, A.M. (2016). Expertise and
the interaction between different perceptual-
cognitive skills: implications for testing and
training. Frontiers in Psychology, 7, 792. https://
doi.org/10.3389/fpsyg.2016.00792.

Roca, A., Ford, P.R., McRobert, A.P, & Williams, A. M.
(2013). Perceptual-cognitive skills and their
interaction as a function of task constraints in
soccer. Journal of Sport and Exercise Psychology,
35(2), 144-155. https://doi.org/10.1123/jsep.
35.2.144.

Scharfen, H., & Memmert, D. (2019). Measurement of
cognitive functions in experts and elite athletes:
a meta-analytic review. Applied Cognitive
Psychology, 33(5), 843-860. https://doi.org/10.
1002/acp.3526.

Sherwood, S., Smith, T, & Masters, R.S.W. (2019).
Pattern recall, decision making and talent
identification in rugby union. European Journal
of Sport Science, 19(6), 834-841. https://doi.org/
10.1080/17461391.2018.1545051.

Smeeton, N.J., Ward, P, & Williams, A.M. (2004).
Do pattern recognition skills transfer across
sports? A preliminary analysis. Journal of Sports
Sciences, 22(2), 205-213. https://doi.org/10.
1080/02640410310001641494.

Smeeton, N. J., Hiittermann, S., & Williams, A. M. (2019).
Postural cues, biological motion perception,
and anticipation in sport. In A.M. Williams &
R.C. Jackson (Eds.), Anticipation and decision
making in sport (pp.3-24). Routledge.

Vater, C,, Luginbihl, S., & Magnaguagno, L. (2019).
Testing the functionality of peripheral vision in
amixed-methods football field study. Journal of
Sports Science, 37(24), 2789-2797. https://doi.
0rg/10.1080/02640414.2019.1664100.

German Journal of Exercise and Sport Research

Williams, A.M., & Davids, K. (1995). Declarative
knowledge in sport: a by-product of experience
or a characteristic of expertise? Journal of Sport
& Exercise Psychology, 17(3), 259-275. https://
doi.org/10.1123/jsep.17.3.259.

Williams, A.M., & Ericsson, K.A. (2005). Perceptual-
cognitive expertise in sport: some considera-
tions when applying the expert performance
approach. Human Movement Science, 24(3),
283-307. https://doi.org/10.1016/j.humov.
2005.06.002.

Williams, A. M., &Ford, P.R.(2008). Expertise and expert
performance in sport. International Review of
Sport and Exercise Psychology, 1(1),4-18. https:/
doi.org/10.1080/17509840701836867.

Williams, A.M., & Jackson, R.C. (2019). Anticipation
in sport: fifty years on, what have we learned
and what research still needs to be undertaken?
Psychology of Sport and Exercise, 42, 16-24.
https://doi.org/10.1016/j.psychsport.2018.11.
014.

Williams, A. M., Davids, K., & Williams, J.G.P. (2000).
Visual perception and action in sport. London:
Routledge.

Williams, A.M., Hodges, N.J., North, J.S., & Barton,
G. (2006). Perceiving patterns of play in
dynamic sport tasks: investigating the essential
information underlying skilled performance.
Perception, 35, 317-332. https://doi.org/10.
1068/p5310.

Williams, A.M., Casanova, F., & Teoldo, I. (2017).
Anticipation. In V. Zeigler-Hill & T.K. Shackelford
(Eds.), Encyclopedia of personality and individual
differences (pp.491-494). Cham: Springer.

Williams, A.M., Fawver, B., Broadbent, D.P, Murphy,
C.P, & Ward, P. (2019). Skilled anticipation
in sport. In P. Ward, J. M. Schraagen, J. Gore,
E.M. Roth, A. M. Williams, B. Fawver, D. P. Broad-
bent & C.P. Murphy (Eds.), The oxford handbook
of expertise (pp. 593-617). Oxford Univer-
sity Press. https://doi.org/10.1093/oxfordhb/
9780198795872.013.26.


https://doi.org/10.1080/17509840802287218
https://doi.org/10.1080/17509840802287218
https://doi.org/10.1002/acp.1581
https://doi.org/10.1002/acp.1581
https://doi.org/10.1080/09658211.2010.541466
https://doi.org/10.1080/09658211.2010.541466
https://doi.org/10.3389/fpsyg.2017.00963
https://doi.org/10.3389/fpsyg.2017.00963
https://doi.org/10.1123/jsep.33.1.146
https://doi.org/10.1123/jsep.33.1.146
https://doi.org/10.7352/IJSP2015.46.513
https://doi.org/10.7352/IJSP2015.46.513
https://doi.org/10.3389/fpsyg.2016.00792
https://doi.org/10.3389/fpsyg.2016.00792
https://doi.org/10.1123/jsep.35.2.144
https://doi.org/10.1123/jsep.35.2.144
https://doi.org/10.1002/acp.3526
https://doi.org/10.1002/acp.3526
https://doi.org/10.1080/17461391.2018.1545051
https://doi.org/10.1080/17461391.2018.1545051
https://doi.org/10.1080/02640410310001641494
https://doi.org/10.1080/02640410310001641494
https://doi.org/10.1080/02640414.2019.1664100
https://doi.org/10.1080/02640414.2019.1664100
https://doi.org/10.1123/jsep.17.3.259
https://doi.org/10.1123/jsep.17.3.259
https://doi.org/10.1016/j.humov.2005.06.002
https://doi.org/10.1016/j.humov.2005.06.002
https://doi.org/10.1080/17509840701836867
https://doi.org/10.1080/17509840701836867
https://doi.org/10.1016/j.psychsport.2018.11.014
https://doi.org/10.1016/j.psychsport.2018.11.014
https://doi.org/10.1068/p5310
https://doi.org/10.1068/p5310
https://doi.org/10.1093/oxfordhb/9780198795872.013.26
https://doi.org/10.1093/oxfordhb/9780198795872.013.26

	Decision-making performance and self-generated knowledge in handball-defense patterns: a case of representational redescription
	Abstract
	Experiment 1
	Method
	Participants
	Apparatus, procedure, and measures
	Data analysis

	Results

	Experiment 2
	Method
	Participants
	Apparatus, procedure, and measures
	Data analysis

	Results

	Overall discussion
	References


