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General discussion

General discussion

The experimental studies presented in this theélscoatribute to the understanding
of the processes of automatization and deautontatizan the perceptual-motor
domain. In particular, the present thesis addresisesinfluence of the type of
instruction on skill acquisition and provides if#ignto the deautomatization of
performance under different disruptive conditiombe first part of this epilogue
discusses the findings of Chapters 2 and 3 in lightMasters’ reinvestment
hypothesis. Next, alternative theoretical framewofiRrocessing Efficiency Theory
and its successor, Attentional Control Theory) tipaissibly provide a more
complete account of the results are considered. Sdeond part of this thesis
discusses the suggestion that skill automatizaglozady develops relatively early
in learning. This suggestion will be contrastedwiraditional ideas proposing that
automatization is the final step of skill acquisiti(Anderson, 1982; Fitts & Posner,
1967) and will be further explored within the thetical framework proposed by
Bernstein (1996). Finally, the future direction ohplicit learning is briefly
discussed with the aim to derive theoretical aratiical guidelines for instructions
and future research.

Reinvestment hypothesis

One of the main objectives of this thesis was tst télasters’ (1992, 2000)
hypothesis that performance decrements under isetdepsychological pressure are
caused by the involvement of task-relevant, exiptides in the control of relatively
automated motor processes (Liao & Masters, 200ktdig, 1992, 2000; Masters &
Maxwell, 2004). In Chapter 2 the explicitly instted group reported the highest
number of explicit rules after acquisition and whae only group to choke under
pressure. This result is in accordance with eawierk showing that minimizing the
accumulation of explicit rules about task executidaring learning prevents
performance disruption under increased pressuredgkidMullen, & Jones, 1996;
Liao & Masters, 2001; Masters, 1992, 2000) and tMesters’ reinvestment
hypothesis of choking under pressure.

Chapter 2 shows that the explicit learners, in i@@ttto the analogy instructed
participants, demonstrated a lapse in performamzierusecondary task loading.
Apparently, accumulating a high number of expliciles about movement
execution is also detrimental to performance ursgeondary task loading (Liao &
Masters, 2001; Maxwell, Masters, Kerr, & Weedon020Poolton, Maxwell,
Masters, & Raab, 2006). Masters and Maxwell (2@gued that working memory
Is involved in the process of testing task-relalgghotheses and the accrual of
numerous task-relevant rules, which are charatterifr explicit learning.
Consequently, adding a cognitive load to explicldgrned skills would overload
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working memory capacity as both primary skill extsmu and the execution of the
secondary task depend on, and compete for, the samkng memory resources.
In contrast, lower working memory demands of imgiiclearned skills would
allow for the simultaneous processing of both tmengry motor task and the
secondary cognitive task.

However, traditional accounts of skill learninggie.Bernstein, 1996; Fitts &
Posner, 1967), which advocate the employment ofigpearning techniques
during the first stage of learning, hold that orthe first stage of learning is
characterised by the utilization of working memamssources. After extensive
practice, skill execution should lose its depengtemic such attentional resources
and attain the ability to run automatically. Oneyvia measure skill automaticity is
to determine the degree to which primary task perémce can sustain the addition
of a cognitive demanding secondary task. Therefpegformance stability under
secondary task loading might reflect permanentediiices in working memory
dependence of skill execution (Masters & Maxwel02), but it might also be
indicative of how far skill execution has prograssen the skill acquisition
continuum.

Kottke (1980) argued that minimally 10,000 repetis of a complex
perceptual-motor skill are needed to start to pcedthe first signs of truly
automatic movement execution. Nearly all studiest tihave demonstrated
robustness to performance pressure of implicitlgried skills over explicitly
learned skills, including Chapter 2 of the presemsis, involved a maximum of
500 repetitions (e.g., Hardy et al., 1996; Koedijkdudejans & Beek, 2007; Liao &
Masters, 2001; Masters, 1992 — see Maxwell eR800 for an exception). It seems
reasonable to argue that after only 500 repetitexdicit learners may still operate
within one of the earlier stages of perceptual-md&arning before reaching
automaticity. If explicit learners can still be swtered novices after such short
stints of practice, then their performance could \wuld) be harmed by the
introduction of an attention demanding secondask tas it has not yet become
automatised (Passingham, 1996). As implicit leayntechniques are used in
passing the first cognitive stage, it is possibigt differences in performance under
secondary task loading between explicitly and ioi)i learned skills are
confounded by differences in skill automaticityhet than by structural differences
in working memory dependence.

Furthermore, numerous studies that provided support Masters’
reinvestment explanation of choking under pressdrg¢hat is, advantages of
implicitly learned skill over explicitly learned #kunder increased performance
pressure — might also be confounded by differentekill automatization as they
also report differences in performance under semgnthsk loading (Koedijker et
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al., 2007; Liao & Masters, 2001; Poolton, MastersMaxwell, 2005; Poolton,
Maxwell, et al., 2006). Therefore, in Chapter 3 smight to test the effects of
analogy and explicit learning on performing undeessure at higher levels of
automaticity up to a total of 10,000 repetitiortsattis, many more than the 500
repetitions that have been used in previous reBe&erformance of both analogy
and explicit learners seemed to be robust to sesgnidsk loading already after
1,400 repetitions, suggesting that both learningugs already reached a similar
degree of automaticity after 1,400 repetitionsedestingly, after 1,400 repetitions
the high number of explicit rules reported by thxpleit learners did not lead to
performance degradation under pressure with sirefigacts of increased pressure
on performance for both groups. This finding is motine with the reinvestment
hypothesis, as despite a relatively high numbeexdlicit rules, performance of
explicit learners did not decrease with increasededy. In fact, the performance of
both groups seemed to improve from low to high gues As the manipulations
employed in Chapters 2 and 3 can be consideredgeptative for the vast majority
of studies on this topic, the main point that cardistilled from Chapters 2 and 3 is
that when explicit learners demonstrate signs tdraatic performance, they appear
to be respond equally well to performance presasrenplicitly learners.

Processing Efficiency and Attentional Control Theory

Eysenck and Calvo’'s (1992) processing efficienbgoty might provide an

alternative framework for interpreting the findingé Chapters 2 and 3. The
processing efficiency theory has two basic premig@se is that increased
performance pressure leads to worry and self-etialugBaumeister, 1984) and
that these self-evaluation processes pre-empt ngrknemory resources. One
might argue on the basis of Chapters 2 and 3 #@udy e learning, when explicit

rules about movement execution have not yet becpreeduralised and still

depend on working memory resources, the additimoaisumption of working

memory resources by increased performance pressamees an overload of
working memory resources leading to performanceatigion. Implicitly learned

skills rely little on working memory resources frotime start of acquisition and
despite losing capacity to effects of performancesgure, resources are still
sufficient to support movement execution.

The second premise of processing efficiency the®ipat possible negative
effects of anxiety may be compensated for by irewdaefforts in task execution. In
most situations increased effort and motivatiorovallfor optimal performance
despite high incentives. For example, during then@lcs we witness, the
enormous pressure notwithstanding, numerous wdassgerformances and only
an occasional failure. Thus, increased effort canimmze the adverse effects of
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anxiety on performance. Although processing efficie theory was originally
claimed to be most relevant for cognitive task perfance (Eysenck & Calvo,
1992), several recent studies have generated ealpgupport for the theory with
respect to perceptual-motor tasks (Mullen, Hardy, T®attersall, 2005;
Nieuwenhuys, Pijpers, Oudejans, & Bakker, 2008;s@nl Smith, Chattington,
Ford, & Marple-Horvat, 2006). Although processinfiogency theory provides a
useful framework for interpreting the effects okieaty on performance, some of the
underlying theoretical assumptions were insuffitienprecise (see Eysenck,
Derakshan, Santos, & Calvo, 2007). In order to eyrtlis shortcoming, Eysenck
et al. (2007) elaborated processing efficiency theato attentional control theory.
Both theories share the position that performamesgure distracts attention away
from task-relevant to task-irrelevant informatioousces (see also Wine, 1971).
Additionally, attentional control theory hypothesssthat working memory is
responsible for the efficient allocation of attentitowards relevant information
sources. According to attentional control theormcréased anxiety impairs
functioning of the ‘shifting’ and ‘inhibition’ funitons of working memory (Myake
et al., 2000). The inhibition function inhibits ettional control from diverting away
towards task-irrelevant stimuli, whereas the smgftiunction involves the allocation
of attention on task-relevant stimuli. Impairmehtrthibition and shifting functions
have consequences for how attention is controlledeu increased performance
pressure.

Corbetta and Shulman (2002) argued that two differeystems are
responsible for the control of attention, the gdiaécted attentional system and the
stimulus-driven attentional system. The goal-dedcattention system is mainly
involved in preparing and modulating the selectadntask-relevant stimuli. The
stimulus-driven attention system, in contrast, lage the detection of salient
stimuli, especially when such stimuli are unexpecead could prove relevant for
self-preservation. Attentional control theory pdstes that under increased
performance pressure inhibiting and shifting fumas of working memory fail to
direct and maintain attention to task-relevant stiflunder guidance of the goal-
directed attentional control system), allowing stienulus-driven attentional control
system to take a more prominent role with salientemerging task-irrelevant
stimuli to use critical working memory resourcegther than sources more valuable
for maintaining high performance.

A striking example of such a shift from goal-diedtattentional control to
stimulus-driven attentional control is visible wheerforming a shooting simulation
drill (Nieuwenhuys & Oudejans, in press; Oudeja?@08). Instead of directing
attention to efficient aiming (i.e., goal-directatiention towards the target), control
of attention may switch to threatening stimuli, tthg the gun and head of the
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opponent (i.e., stimulus-driven control of attenjioAnother example is when a
novice driver is taking a driver's exam, he/she utiomaintain goal-directed
attentional control with attention divided betwethe road, fellow road users and
road signs and subsequently adapt speed and dire¢towever, stimulus-driven
control diverts attention towards task-irrelevanimsli, such as worries about
consequences of failure, hereby possibly neglectngcial information about
speed, road signs or other road users.

So how can attentional control theory explain thgutts of Chapters 2 and 3?
The pressure manipulations alone did not lead tiopeance loss of the implicit
learners of Chapters 2 and 3 and the explicit Earof Chapter 3. Under these
specific conditions, the allocation of extra effaitowed for high performance.
However, the explicit learners in Chapter 2 stdeded working memory resources
to support movement execution and this, in cominawith the pre-empting of
resources as a consequence of increased pressiite,impaired working memory
function, as attention shifted away from task-ral@vsources (such as the use of
movement-related rules) towards distracting infdromasources.

All' in all, the combined results of Chapters 2 @&dre more supportive of an
attentional control account rather than a conscipumcessing or reinvestment
account of choking. It is tempting to draw parallbetween choking under pressure
and the deautomatization of well-learned movememider skill-focus (explicit
monitoring) instructions and the lengthening of mment preparation time (see
Chapter 4) as they both share an outcome simileuity choking under pressure —
in both situations automated performance seemsupteni and deautomatized.
However, this is no reason to assume that botheshiae same underlying
mechanism.

Nevertheless, reinvestment theory and attentiooalrol theory might be
more alike than currently thought in the literatysee Wilson, Smith & Holmes,
2007). At first glance, both seem to predict difer effects. Attentional control
theory postulates that increased allocation of reffim task execution may
compensate for the distracting effects of anxiethiereas conscious processing
theories predict that increased allocation of ditbeal resources leads to disruption
of performance by shifting towards more effortiubn-automatic control processes.
However, both theories do predict that under pressu performer attempts to
exploit alternative strategies to maintain taskfgrenance by increasing the
allocation of attentional resources. The resultsmfrthe externally-paced table
tennis forehand return used in Chapters 2 and 3dtel that resources are
distributed more towards maintaining cognitive fuiming. But one might raise the
question whether the distribution of additionakational resources under pressure
are always directed towards maintaining cognitivactioning or that a different
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task, different levels of expertise or differenttatal or personal dispositions would
see a shift in the distribution of attention towsanthovement execution. Future
research on the topic of choking under pressuraildhnot focus on whether
pressure leads to conscious processing or disthartstask execution, but should
attempt to integrate these two views into a moragehensive view on choking.

Movement automatization: Final or first step?

Traditional accounts of skill acquisition purponat the automatic or procedural
stage is the final stage in motor learning (Andeysi®92; Fitts & Posner, 1967).
However, the results of Chapters 2 and 4 showitisituction by analogy almost
immediately installs automaticity and that also lexy instructed participants

seemed to have reached automaticity already aftenese’ 1,400 table tennis

forehand repetitions. These results are consistétht Bernstein’s (1996) notion

that attaining automaticity is only one of the ffigeps in achieving expertise
(dexterity), followed by the parallel processesst#ndardization and stabilization.
Standardization of movement involves the fine-tgnaf skill execution to a high

level of accuracy and consistency. Stabilizationmmvement automaticity is the
process of acquiring resistance of performancdnémging environmental demands.
Although the analogy instruction in the presendgtappeared to circumvent the
declarative stage of learning and almost instamiasly installed automatic skill

execution, the disrupted performance displayed H®y d@nalogy learners in the
speeded condition suggests that their movements wet stable enough to cope
with the disruptive influence of increased tempa®inands.

Keele, Jennings, Jones, Caulton, and Cohen (199%poped two
hierarchically organized learning systems develppiaependently and at different
rates. One system specifies the structure of mone(tiee order of subsequences)
and is represented at an abstract, explicit lavieéreas the other system represents
the generation of the actual forces involved in ament production (effector
dynamics; Hikosaka, et al., 1999; Rosenbaum, 19%0je & Shea, 2006) and is
considered implicit in nature. Within these two tsyss, the cognitive
representation of the sequence structure is believeevelop at a quicker rate than
the effector-dependent movement dynamics. For ggalearners the sequence
structure might be established very early in laagras there is only one rule — the
analogy — to integrate into movement executions tmaking the use of working
memory processes to establish the structure olesaletost from the beginning of
learning. The multitude of information provided for accumulated by explicit
learners will take longer to establish and thusdeeworking memory resources
early in learning. With the establishment of theveroent structure the first signs of
automaticity become visible (i.e., stable perforoennder secondary task loading),
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but the motor system needs more time and praaictabilise and standardise the
movement dynamics.

In Chapter 5 we observed similar phenomena. Theeseptation of the
movement structure, that is, how the different eeta of the sequence are linked
together, also seems to become established earlgaming. Experiment 2 of
Chapter 5 shows that interference effects are leisibeady after 50 repetitions of
initial learning. Additional repetitions did not esa to magnify the interference
between similar movement sequences, suggestingthieatepresentation of the
movement structure was already established afteepéitions and responsible for
the occurrence of movement-specific interferendece$. Apparently, the positive
effects of establishing the movement structuret tlsa freeing the necessary
working memory resources for further skill refinemealso brings about the
unwanted interference effects visible in Chapter 5.

It seems that after establishing the underlyingicstre of a movement,
increased practice is primarily aimed at improvitng dynamics of movement
execution in search of movement dexterity, acqgiricharacteristics such as
increased accuracy and the ability to cope witln hggmporal or other demands (see
Chapter 4). This also points to practical implioas for how skills are taught by
practitioners. If it only takes a relatively shqueriod before to establish the
movement structure and to acquire the first sighautomaticity, and to learn the
effects that might accompany this, teachers mustdrg careful about how they
instruct participants from the very start of leai Providing an analogy almost
immediately establishes the movement structureiasi@dlls automatic execution,
but it might result in difficulties to change the&eeution of the analogy when
necessary (see also Beek, 2000; Bennett, 2000)efdy, studying the effects of
analogy learning over longer periods of learningel(winto the phases of
stabilisation and standardisation) is a directimmnféiture research.

Future direction of implicit learning

The evidence provided in Chapters 2 and 3 is noiredy supportive of the

hypothesis that the combination of the presencexplicit rules and increased
performance pressure leads to a reinvestment cfcamuns control. The results of
Chapter 3 suggest that after longer periods oflegr this explicit knowledge

about how to perform is not harmful anymore in dedimag situations and might
even be beneficial in reaching elite levels of perfance. This, however, should
not be taken to imply that implicit learning teciumes should be discarded
altogether. As demonstrated in Chapters 2 and @liging an efficient analogy

immediately results in lower working memory demaonfiperformance compared
to traditional rule-based learning. Obviously, thdds advantages for motivation,
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processing additional information, and tacticalisien making (Masters, Poolton,
Maxwell, & Raab, 2008; Poolton, Masters, Maxwell,R&aab, 2006). Furthermore,
analogy instructions might also prove to be bemdfior performance in light of
other cognitive or physiological modalities, suchpysiological fatigue (Poolton,
Masters, & Maxwell, 2007), although the analogytrinstion failed to provide an
immediate solution to increased temporal demamdsuin, analogy learning might
not be a solution to minimize the occurrence ofkafg under pressure in expert
performance; it does have several other potentilitenin skill acquisition and
therefore warrants further research and developnmetitonly within the realm of
expert performance in sports, but also in otheevaht domains such as surgery
(Masters, Lo, Maxwell, & Patil, 2008), geriatricgV¢ng, Masters, Maxwell, &
Abernethy, 2009), and rehabilitation (Orrell, Ev&dlasters, 2006).
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