e

- ENERGISE
' PSYCHOLDGY:

INTERNATIONAL
PERSPEGTIVES




11

Understanding
Skilled Performance:
Memory, Attention, and
Choking under Pressure

SIAN L. BEILOCK

i i full of difficult tasks, ranging from play

i 3 evdancl of galf, wo aking a college enirince

cxiam, o giving a talk tn feont of vour friends
and colleagues, One thing that we as psychologisis
ity to undersiand is the mental processes that sup
poart such skills. However, it bs not just psyvchologists
who are interested in the cognitive mechanisms that
povern successiul skill execution. 1n comime nting on
hitting o baseball for example, the famous Yogi Berra
e sakd this: “How can you hit and think at the same
tire#* Yogi's words of wisdom suggest that thinking
toy mnch about ondine execution can be deirimcn
til b0 performance. Whereads this notion might appls
1 e high-level hittng performance of o basehall
cxpert, i may not extend across all levels of skill

cxperti=e or 1o all ask Wpes In thies |I|.|_|1|-e'r_ T will

discuss severdl lines of rescarch that mv colleapues
arel | have condiscted in an attempt to shed lght on
differences in the attentional mechanisms govern-
ing execution across skill levels and msk domains
Moreover, | will explicate how we huve been nsing
these differences in the exccutive contral structunes
EUvETNINg |'!'l.'r|4 MTNCE s 4 medans to understand the
cxecution fBilures that ensue when the attentional

demiands of performance are ot met

Theories of Skill Acquisition
and Automaticity

Ihe essence of Yol Berr's b Homy can v

hit and think at the same tme?® s retlected in skill

Aacguisition and surtoomuticity theories of high level
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wrlormanoce. I ossence, Dighly  procoiced, well

hesirmiedd sKills are thio ._|"-| fiy N dyiibrallas] B (et
cedurl knowbcdge that operates largely outside of
working memory {Andersan, %5 This s in von
trast o mowvioe sl cxecutlods, which bs hased] an
decloritive knowledee held In 1'|..-:|_i||_.\l_.';.\, imeary
atcndedd 1o in g step-bvstep fashion (Flis & Posner

1T Proscior & Datta, 14

KI5}, These proposed dilfer

ervces i e sttenticonal dema

ks 0f mownice andd sKilicd
penormance relloct the ddoa (hal perdormuanoe pro

cecus through identifiably different learning phases

citenciorized by both gqualitanive changes in the coy
nitive subsirte governing execution amd clunges in
performinoe inscil

Fitis and Posner's (1967) three-stage model
ol AR SCguisition suggests thl eardy in learming,

NOYICEs UseE © |'I:|-..:| i

HLERY S [PrOHCssE S o nn-

trol execution 1 step-bystep fashion. Because of
the involvement of conscious cognitive PrOCEsEs,
s initml stage of skill learning has been wermed

thie cognifiee pirse. Ater learners understand the

nature af the tizk, they are thought w enler an as
sOctaiioy filkese mowhich the npeed o consciously

contral realdime performance diminishes and the

pertormer Begins o dovelop associations between

speciile stimulus sittations  amd |l1|'r|.'-i'-|'-||;l11'||.'_ =T
LIEan I S HIMCS With extended |'|! ..|_=i.._¢_' GEMOTMmMaEnc

reaches the gufonomnons Jilsgse. Inthis fina

Slaee Ol
skill leaming, exccumbon s believed 1o be hised on

L AULematic (ask re presentario 1 which consedons

Attentonml contral 15 no longer reguired (o execute

1 ;'-.:r!l- II| Ir SCTHHET WiieEn coanim

o by a spocific
stimulus situation
wthough Flts and Posner’s (1967 charicters

tmablon of seill level dilferences has been extremely

intluential o the soudy of human skill A uEsat §CHI,

newiork is mostly

sivould be noted that thelr f

etlseless, i dioes allow one ©o form

I|-|r-|'-|-.'. il
cxplicl |I'.|!| theses regarcing duflcrences o U
Attentienal demuinds of aoviee aned expert perfor-

T . I
P R g L

the memory struciures sissociited with

periormance ol different levels of skill lcarning. lm
ccon be emplrically verl

Fed. I the firs e ol work descernibed below, my

NETIRCICG Y Polneses rorclingy dyferences 11 i
1 & i ! ¥
mefticarl SUNSETNE BOVErTHIIE Navsgy il oxpaeErl

IR C 6

(ARTH A invelved iliree lies of evidenoe aomd thie sien

sirrHTOLor sk o Bkl purtiing = aur Lesd e

Attention, Memory, and
Control of Novice and
Experienced Performance

Il Liest ¢ MuLrison mvolved the generic know]

clpe o epdsaodic m

meries o expericnced and
navice performers. Generlc knowlddge capiunes
wewema-ike ar prresCripl ive information about o
& skill i= vy ploally done, whereas efisoelic koowledize
capiures A spedilic memory. an autobiographical re-
cord of a particular performunce, We predicied that
CxXpononced galfers would give jonger, mone de-
Gilled generic descriptions of the steps involved in i
typicil or “gencric” puti compared o the accounts
BIVEN by mowices, After all, CHpE rienccd Kll“l_‘l_"\ Have
spent thousands of howrs honing their sporr skill
such practice opportunities should provide them
with an opportunity o acouire a large amount of
peneril know|edge about how their skill is typlcally
performed (Bellock & Care, 20003, In contrast, if
carsline, well-leamed goli putting s supporied by
procodural knowkcdge Gis theorics of ml-:-|:|.1'.i1_'|l}'
and skill acquisition would predict), experienced
wollers may well give shorter, less detailed o wlic
recolicclions al any parii ular pudl i compa risom
ton less skilled golfers, Becouse proceduralization re
duces the need o attend (o the specfic processes
oy which =kill execution uniolds, experienoed golf-
ers’ episodic recallections of step-hy-step realtime
poeriormanoe should be impoverished, This logic s
driven by demonstrations that the swecessiul explicit
retrieval of imlormuition [ronn memscoery' is ..;h_'|1q'|1...lg'|1r

L1 EDCIE

w13 this mutterizl an the tme of o oling

Ak, Govend, Moveh-Benjamin, & Anderson, 19940,
saven-Hemann, Crak, Guez, & Do, 19980, Thus,
Il expericnced golfers are not explicily attending mwo
wi-line performance, their memaries for the specific
cxecution processes that supported porformance
1y s lier

e secomil comparison imvalved the attentiomal
leminds of sangle versus duakask periormuance. Put

VIS PEETTESCITRR N E LT k{11
= .

PAsk, amGbied caviron

et wils coamnprired o pecformande in a doal-psk

il 1 1 ' i i T . "
condition inwhich individusds performicd a series of

|".::-'.'|.-'| wirmulianeiusly
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i Hboery menitering task (participanis moeniiored a
=cerics ol words for 4 spoeciflied rget word) Dpon
Mearing the target wiord, individisds repeaned i ol
ol & recogiition memsory best for @ subset of the
distracior wonds heand while putting was adminis
lercud iter the dualkiask was complete. Duoaltask pa
tirn, wird monboeing perormace, and recognition
measery' [or words heard wivife puning were used as
measures of the attentional regquiremenis invalved in
L ol prodiing sk

M well-lesirnesd panting does not reguine constan
oline attentional conteol, then the addidon of 4 sec
oncdiary monitoring task should nog harm puiing per
formance in compariss (o single-task conditions
Furthermore, bocanse l:'\|'h|.'r|1'||1.r.| golfers  atlen
tional resources should not be overly axed by the
prutting task, they <hoald have attention available 1o
devole (o the sccondary task. As a result, both their
Lirpet I.|I.'h;,'|. LeCin F"i.'ﬂ'\-lﬂ“-.ll'll..l..' and their IR BRI IRREN ]
memory (or waords heard while purting should be
similar 1o that based on an awditory monitoring sk
perfiormed in soladon as 3 bascline measure (Lo
wlten FATLPCRMATS LT T8 simueltianeously e TIore-
ing o putting task). In contrast, novel skill execution
that must be attended inoneal tme should be differen
Ty impacied by secondicy sk demands. The addi
ton of a secondery moniboring task should not onls
NArm rEwice putting performance, ot shonaled alses
result in poorer recognition memory for words heand
while putting in comparizon o the performance of
cither of these tasks in isolation. Novices shoabd
B abde o devote adequate attention oo the monioor
e sk Wisen stimliancoiisly preriormiing the prid
ting tisk, and vice versa

The third comparison involved oor “funoy Jouit:
ter” manipulation. My colleigues and [ comparcd
peetning poerformance and memory protocols for ex
penenced and novice gollers nrdor both single-fask
anid dual-task comditkons, A subset of our novioe and
cxpenenced golfers used a normml, re !.;11':.|r puter
while performing in this experiment. Another group
of movices and experienced golfers wsed an altened
funny putter,” The Tuomy putter consisted of 2 regu
lar putter head attached 1o an 5" shaped amd ari
trarily welghted puttershaft. The desbzo of the funny
patter was iintended to peguiie exponenced gollers
i dilter their well-practiced potting foemm (o order o

comipensile for the distorted clubs, foecing thoem ool

fowcanes atbemtion Wi he new skl execution processes
I the mowel, funmy puttcr eegulics exporicnoed
performers [ alier skill execution prscesses, they
shcould Pee Boaroed o anengd go sk oonerol o i stepy
twy=step fashion in much the same way as individoals
in lesa-practived states, As o resule, exporiciced goll
crs vising the funmy putier may o longer be able o
attend o muhipde Gisks simlianeousiy. This waoukd
resaln in a decneise in duilkask puning poeriormanco
arlfor secondary suditory maonitoring performance
andl recognition memory, Althowagh the addimon of
move] task constraints via the funny potter may hin
der porformance, use of the ool should direct one's
atfention back to controlling the step-hy-step execu
ican ol the |rri|:|1.|.r1_. task ar hand, wlhich oo turn may
enhance the experienced golfers’ memories of how
their skills unfoliled, In contrast, novice performen
should pot be affected by the funny putter in the
SAITRC Wil 4% MOIT CXPCTIENG el poliers. Because noy
iors lave not yvel adapred o putting under nocmal
conditons, performance should not be drastically
influenced by an altored putting environment. 1hat
is, tis the nowvice, all putiers arc funny.

Eighty fosar miowvioe and CRPETIENG o podlers par
ticipated (o this study, Sovice participants (n = 42)
Tad i prq."minmh Fl:l|| CXPErENCe |:1pq'riu||-.:-| ol par
ticipants {n = 4.2 were local high school and college
students with 2 or more years of high school varsity
goll expenience oF 4 Frolessional Gollers Associd-
tioen {PGeAY handicap less than 8. Individuals were
randamiy assigred within sEill level o either o rego-
lar puner ar funny puiter condition in a 2 (novice
golter, experienced gollerd x 2 (regular putter, funny
putterd experimental design, with 21 participants in
cach group

Al |'u.r|'.i|~ ||::-.|||th|::-||.’-. prar in the same cXporimen:
tal procedure. [ndividoosls Grst teok 2 blocks of 20
putes followed by a generc memory guestionmaine
ihe first hlock was designed @ Gamillarize panic
panis with the putting task amd served as 3 pre-test
mcisure of performange [he second block served
as the single-iask combrion. Nexy, participants coim-
pleted o wiord maonitoring msk in which they listened
Ior a farget wond cmbedded oo senes of wonds
being plived from a @ape recorder, dand wpon hear
i the targed. repeated it alowud. The monitoring disk
s lolbowed immiediately by o short acit et sk

Iae puerpose of this usk was o eliminae pecency
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clleves assochmed witl the word list in the mcendiaor-
inge Lisk, A recognition memory lest for o subset of
thie wards prescoied in the singleqask word mond
toring comdition was thien pdministered, Partic Ijeinis
next poerformed a disil-task putting and word moni-
tering sk follvwed by an episodic memuory gues:
thinnaiee. Finally, participants completed o secopdd
dArithmatic task after which ihey received another
recognition momory test basecd on a subser of ihe
words presenicd doring the dualiask putiing and
'.'.n-r-.||||-|r'.-.lur|r:!_; condition

s, all participams, regirdless of skill level
ar puticr tpe, went l|'||n.".:||.:]| the exact same cx
penmentil peocedare. We can now leok o puaning
performance, recogniin memory o wonds heand
while pinting, and generic and episodic memory
protocels o explore differences in the on-line atten-
tiomal demands of goll putting performance an differ
ent levels of expertise

In terms of putling performance, as can be geen
in Figure I, both povice groups regular and funny

putter), das well as experienced goliors using the

36

Mean distance from target (cm)

Pre-Test

funny putter showesd performanoe decnesmenis fromn
the singhe-task o the dualtask putting condition. [n
contrast, experienced gollers usin the reptilar jrui
ler contiuesd o imperoave in PUITInE . tocuracy Indm
the :1'.||;..1|r 1o duabtusk comdition

[here were no sigEnilicant differences in Girget
word idbentification across novice dndl eRpThenU cl
golfers for cither the single-task audivory munlioring
task o the dual-task auditory meniloring condition
This is likely due 1o the facy thar targer word identifi
citthn Gilure ocourred relatively infrequently acmoss
beoth eonditions, In terms of recognition memory for
wirds heard while puttinge, however, differences
similar to those observed in primary pulting per-
formance are evident. As scen in Figure 2, baoth of
tibe novice groups and the experienced golfers using
thee fummy putter shiowed decrements in recagnition
mernory {A) for wonds heard while putting, in com-
parison toa single-tisk word recognition [est givien as
a base-line measure, The expericnced golfers using

the regulor punter did nor show this decrement in

winrd recognition performance

L

NR
—— NF

ER
—e—EF

Single-Task Dual-Task

Putting Condition

= Ercor Gars ropréasant standacsd emors

Figure 1. Mean distance {cm) from the target that the ball stapped after ench putt In the pro-test, single-task, and dual-tash con-
ditions for the novices using the regular putter [HR), the novices using ike funay putter [NF), the exparts using the regular puttar
LER}, and the sxperts using the funny putier [EF]. Reprnted from Bellock, 5.L., Wisranga, 5.4., & Carr, TH. [2002). Expertise,
attenilan, and memary In seasorimator skill axecation: impact of nevel task constraints on dual-task performance and episodie
memory, The Quirterty fowrnal of Experimental Pryeholagy: Muman Experimental Payehology, 55. 1211-1240,




Thus, as illustesired by both putting perdformance
aniid word recognition dotp, pecforming in p daaitask
envirammeEnt leeemed novioe godlers el o xpericnoed
godbers using the funmy putter, but did sor disrugn
putting porformance or word mecognition ability in
cxperienoed golfers putting under normal condi
pons. These resulis SRS thun exportise leads to
the encoding of iask componcnts in a proccduralized
form that sUpparis edlective reil-time parforminoe,
without the necd for constant on-line aoentonl
coritrcd, As o resull, experienced golfers, performing
under nermal, practiced conditions, are beiter able
than novices to allocate a portion of thedr atention
i other stimuli and sk demands i the sitaation re-
quires it. However, these expericnced golfers should
be less able o allovate attentfon o and remember
e step-by-step details of their performance. We can
ook oo the generic and episodic remry prodogoly
as i means o address this ijucstion

As sccn in Figure 3, protocol datg showed that
v ioe gilers prodiced short gencric de=e FIpLions

amd longer episodic recollections. The tvpe of putter

0.8

Q.75

i

0.y

0.65

A’ Value

0.6
0.55 4

0.5 + -
Single-Task

i mear il leeence movices" protocols. This s oo be ex-
pecied, gEiven Thar i novioes wWiore mol CR T el
with either putter type. Experienced golfers nsing
the regular puiier produced a0 opposite pattern
Ihicir peneric descripiions were longer than those
of the novices, reflecting goli ¢ xperiise, Additionally,
reRulnr pulior expens gave shorter cpismlic recol
lections in comparison o theie generic descoriptlons
il plso in comparison o movices' Cpisiadic recollec
tiona. This impaverished episodic recollection dem
onstrates what Beilock and Care (HH have termied
expertisc-induced amnesia” Although the cxensive
generic knowicdge of experts may be declarntively
accessible during offline reflection, it does not ap
pear o be socessed during real-ime performunce
controdled by automated procedural knowledge, In
conteast, expericnced golfers using the funny put-
ter did not show impoverished episodic recollec-
tien. These experts provided the most elaborate
generic and episodic protocols, and their eplsodic
recollections were [onger than their generic descrip

thons, as opposcd w those produced by the regular

NR
—a— MF

— —

—a— L

Dual-Task

Waord Monitoring Condition

* Errof bars represent standand emors

Figure 2. Mean &° valus for the single-task and dual-task recognition memory bests for the novices using the regular putter (NA),
the novices using the funny putter (NF), the experts using the regular putter {ER}, and the ssperis using the hunny putter [ EF).
Reprimted from Bellock, 5.L., Wierenga, 5.4_, & Carr, T.H. {2002}, Expertise, attention, and memory In sensorimotor skill sxscution
Impack of novel task constralnts on dual-task performance and episodic memory. The Quartery Joprmal of
Experimantal Peychology: Human Experimental Psychology, 55, 1211-1240,
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m 9 .
o
= &Y
o & =
0 —r
e _._,.,-'-"'"-" -
E T ._-___.-"' EI":
E - s EF
= B
5 4
Generic Episodic
Cuestionnaire

Flgurs 3. Mean number of steps for the generic and episodic guestionmabres for the nevices using the regular putier (MR], the nev-
bees using the Funny putter (NF), the exports ssing the regular putter |ER), and the sxperte using the fonny putter (EF). Rogrintad
from Bolloch, 5.1, Wieranga, 5.4 & Carr, T.H, [2002). Expertise, sttontion, and memory In sansarimoter shill ezecution: impact of
aovel Ladk constralats on dunk-task performance and episndic mamory, The Quartedly Journal of Evperimental Paychology:
Humar Experimental Prychology. 55 12111240,

puteer experts. Thus, when @ procedunitioed skill is
disrupted by the imposition of novel task demnds
cxpertise-dnduced amnesi disappears. Furthermore
when experts star attending &0 sk perfformance
their expert Knowls dge allows them o remember
mcre of what they are attending o than novices
Although examining the overall number of steps
FCOric din the TTICTVROTS 51'|.|l.< Ofs pEndls soame sz
ko what our golfers were amending o during on-
line excoution and, thiis, whot they were able 1o
cxplicitly retricve alter the [act, one way o more
specilically address this ssue s o look o the tpes
o gl-related steps participants reparied in thelr
genenc and episodic memory peotocnts, To achieve
this goal, we divided protocol steps inmo three cat
CROres. Assessment or planning relermed (o deciding
homwr To ke a F1:|.':|.\,I_I|.|r [t HTA TR IS T L I:.|'.|.|1-_'||:|_l|
ihe putt ought w have, Examples are =1 looked 0o
20C how far from the torpet 1 was there is Ltk
ar no hreak oo the putt,” “look ot che coneor of the
proen. and “menclly Ceoite a line of sight® (fmom
the ball to the hole or tarpets Mechanics or exocn

hin relerred o the components of e mechanbel

1t that implements the putt. Examples are “grip the

putter” “fake the putter back,” and “follow through
as far as putier was laken back,” all of which deal
with the effectors and the kincstheric movements
al the effectors required o amplement a putt. Hall
tesninarions ofF outcomes referred to where the ball
stopped or lamded

Because the aliered welght and shape of the
lunny putler wis designed o directly affect the me
chanical ESPCCT OF the PULInE [ask in e prcsenl
stuchy, one might imagine the mast strikineg differ
COCES 1N memdry protocols woulld be obaerved as
Ty By ol prutier type ind Nperiise in the nopsr
ng of mechanical slepa. This s precisely whal o
curred. Experienced gallers using the funny puiter
fave somewhat more mechanics steps in thelr epi-
socic proteool in comparison o el generic de
seription, In contriast, experienced golfers using the
regular putter gave sigdificantly fewer. Thus, baoth
sets of golfiers gave varbed accoounts of the mechani
il properties involved in thelr putting performance
ina manner copsistent with the Gt that one group
used a tool desdgned o speciffoilly alter how o
atterls o the mevhanics of puatile B IThe ovioes

using regulnr and Tuony pattees Jdid oo dilffer in




their mechanics accounts. Both ErNIPS ave more
detailed mechanical descriptions in their episodic,
in comparison to generic, protocols, Because novices
must attend o execurion inoa step-by-step fashion,
this explicit on-line attentiomal conteol affords them
the ability to remember how their execution actu-
Ally unfodded. For a detailed deseription of protocol
reports, see Beilock ot al, (2002).

This experiment documents a particular prop-
erty of the cognitive substrate of sensorimotor skill
exccution—namely, the declarative aecessibility,
or openness o introspection and report, of skill
processes and procedures at different levels of ex
pertise, Inferences can be made from experienced
and novice golfers’ genernc and episodic memory
representations concerning the underying control
structures driving realtime performance. Specifi-
cally. the real-time control structures supporting
performance differ as a function of skill level. Novice
performances are attended o online, Experienced
skill execution (especially mechanical instantiation)
does not mandate step-by-step attentional control, as
long as expericnced golfers are operating in a normal
environment with normal task tools. These conclu-
sions are relevant o understanding expertise, and
may also lend insight into performance decrements
in situarions (e.g., high pressure situations) that rend
o [orce attention o |H.T1-l ARG 10 Ways that may
he non-optimal, especially for highly skilled per
formers. The next section, detailing the cognitive
mechanisms governing suboptimal performance in

high-pressure situations. addresses just this issue

Choking under Pressure

I'he desire 1o perform as well as possible in situa
tions with 4 high degree of pereeived importance is
thought to create performance pressure { Banmeister,
1984; Hardy, Mullen, & Jones, 1996). Paradoxically,
despite the fact thar performance pressire often
results from aspirations @ function at an optimal
level, pressure-packed situations are where subop-
rimal skill execution may be most visible. The term
choking under piressure has been used to describe
this phenomenon. Choking s defined as performing
more poorly than expected given one's skill level,
and is thought to occur across many diverse task

damains where incentives for optimal performance

#

are at a maximum (Bellock & Carr, 20005 Lewis &
Linder, 1997 Masters, [992; Wang, Marchant, & Mor-
ris, 20040

Athough docomenting instances of choking
under pressure (in both luboratory and real world
settings) provides insight into the conditions under
which this rype of skill fBilure occurs, it s an un-
derstanding of the cognitive mechanisms governing
pressure-induced failure that will truly advance our
knowledge of the choking phenomenon, Moreover, o
clear picture of choking processes sets the stage for
the development of training regimens designed to
alleviate these unwanted performance failures, The
obvious question then is “Why does choking under
pressure ooeur?”

The following sections outline two of the main
attentional theories that have heen used o account
for performance decrements under pressure amd the
empirical research my colleagues and 1 have con-
ducted in an atrempe to test these accounts of less
rhan-aptimal performance. It should be noted that,
although the majority of this research focuses on
how high-demand situations change the deployment
af arrentional resources during on-line excourion
there is also work examining the physiological and
biomechanical processes associated with less-than-
optimal performance. A full account of these pro-
cesses is outside the scope of the current work. Fora

detailed review, see Beilock and Gray (in press),

Explicit Monitoring Theorics
Explicit monitoring theories suggest that pressure
situarions raise self-consciousness and anxiery abouwt
performing correctly (Baumeisier, 1984). This focus
on the self is thought o prompt individuals o turn
their attention inward on the specific processes of
performance In an anempt o exert more explicit
monitoring and control than would be applicd in a
non-pressure situation (Baumeister, 1984, Beilock
& Carr, 2001; Lewis & Linder, 19973, Such explicit
arrention 1o step-by-step skill processes and proce-
dures is thought o disropt well-learned or proce-
durahized performance processes that normally run
largely outside of conscious awareness ( Beilock, Ber
renthal, McCov, & Carr. 2004: Kimble & Perlmuter,
1970: Langer & Imber, 19793, Masters’ (1992) redn-
vestrmrent theory suggests that the specific meclhie-

nism governing explicit monitoring is “dechunking.”

MEMORY. ATTENTION, AND CHURING UNDER PRESSURE 159




FPressur fiees] attenbicog i i n
TR BT W o el Al conieie] sEruciure i I
T ECIT K as i avktliesiil rreerunticns tos e roken

back down into & sequence of smaller, indepeident
units—simikar mw oy 1tk
el eady in lesrming

Hece ity NMCECSINT e s 13T -\.'"'||||| el 4 i
er ol sunlbes o examine the Sicntimal correliies

i suBoptomal periormamce under Pressune in {170 ]

level semsorimador skills using cxplicit monitoring
Hheories is a puedeline, Moany of these stedbes dio st

I HYE pressunc af all, Dot artempt (o mimic the ot

tenbioml demands thar pressure mighe induce. The

loagde Bede §s than i rescre e rs i discover s fy s

[ attentional manipualatkens that compromise pe
loEmance, they i I"ll_ Il NESE I;'..'- l_l.l-\,h nee 1o |l|; iLLEE

o infer how pressure meght exXert iis impact

Ha=Llg3 Carr. MacMahon, and Starkes ¢ 20002)

directly mani died the artentiomns] focas of expe

rlichnood soccoer plavers while they were performing

1 wocer dribbling msk. Experienced soccer players

dribled the buill throwgh a series of cones wliile

preriorming either a secondary anditory monitoring
sk Cestined o distract attention awary from excou
tion—similar (o the auditory monitoring sk used in
Beilock ef al's (2002) golf putting work mengioned
carlier) or a skill-tocused sk in which Individuals

monitored the side of the ool that most pecenily

ol the b (designed o deow atteniion (o Qg

LOMpaOneni jrrosc we, mimicking the

prpascd mecham=m of expiicit manitoring Lheo
ricay, Performing in a duaktosk environment Jdid not
tairm thee dribbl g skill of expericneed soooer Py
Crs 1N COMParson o § single-rask pracle cordhinion

used ds a baseline. When the wer plavers were

st o ditend o periormance e, maniloring

the side of the focd that most recently contacted the
cir dribbling skill descriorated in compari

som o Baorh the dual-task condition and a single-tnsk

stent with explicis monitoring theo-

rics o Choking, step=Dy-sten giienrkor o skill Fely

pIeaArs Lis i

m Wl l-lesrned
AP dience regacding the differential
Impact of distraciion versies sKill-focused atiention
1EE alsn bewen obrammed I 1 ebiiferent kind of ma

upalatant, aieed] versus d CLHEILY pPerlarmieiiad an

ning the sk ill-forused. © '\,|1I||_I-'

loring through Instrocthoens to periorm a Pl

tinge tisk raphdly fmproved the performanee af oxpae
ricnccdd gollers, relative (o o comdition in which the

same goiliers were bl 1o tike as much time as they

vecuded 1o e acourats | e [RalE ol of this muanipes

atkon. was phicnomonobogically sobceable, Scveral

el instroctions aided

ters repuried that the sp

thetr perlorminee lw Keep them [rom ithinking

foo mech about execution

phough these tvpes ol grpenion studics lend in
direct insight inm the cognitive mechanisms driving
skill Edhire in high stikes sitisitions, it s also peossi
bl to muspe directly assess the impact of pressure o
performm af 3 higgh fevel on skl execution. In a necernl
spuhy, Coray L 20040 dlirectly investigared the effecrs of
PEAOIIARCE Pressure on Diasenil) batiing in |1I;:.lr.:|
“HiAle

dividuals performed a vimual uiting task in a pre-tesi

sholled Diiwision | Impepc sehall plavers. In
SULLEATOn iend were Then s intio Do ol e Batlers
11 the pressune gnouiup  were instructed thar they
had been paired with one othere butter in the stucly

anid they would recedve o monetary reward (F boch of

e codadd increase their total number of ks o fhe

next block of trinds by a designated amount., Batters

in Lhis ETLILIEY W cre further instrocted that their peam-

mate had already successiully reached the criterion

for reward. 1hius, both social pressure and moneLary
neentives were used o indoce feelings of PETIOT-
e pressunc i the basetill players (0 manipula
tian first used by Beilock & Carr in 2001). Baners
in isccond

coantml Lroup” were given no further

0, Bobn groups (e, pressune amd conteol)
then continued o perform the virtual batting task
{i.c., In a posi-lest)

Batiers in the pressure group cxhibited clear

choking effocts, Mean ten e aratl '-‘|.|r||-'=.|.: EITiS Wit

- foal vl

significantly high he pressure manip

Loy fn comparisan (o previousty. Not only did these
pratters fal to reach the jnoentive criterion, Ltheir
PETIOrMmAnCe  under pressune wis actually worse
direct evidenoe

I||.III their haseline performance

of chosing. In teems of Biiers o the control group
there wils o sdgnificant difference betweoen mean

tempord] ercors in the twao Blocks of trials. The most

reeresting  pesuln, howesver, conves rom evidence

LDCUIMCETHINE Y LDE Rrossiine =IRIRIEkon O __||,_|

Live attestinsd h s i the baschall plavers, While




periorming in Uwe post-iest, bath the pesstire and
comniiol partbcipants were asked (o jindge the diree
ticen Ehesie boil seas moving a0 spaecifed intervals: In
the pressure group there was a signilicann decrease
In the peroentage of judgment errors in this task in
Comparisog o o pre-iest wsed as a baseline, This de-
COCLss Wik niol secn for comeol group participants
This resuli indicates thar the pressure caused hatters
tor turm their attention inwards amd explicitly moni
tor thelr swing exccition. Although this pressure-
induced change in attentional deployment resulted
i mare pocurate skill-tocesed judgments, it also ap
pearcd o disrupt automared eXeCulion processes,
resulning in less-than-optimal batting performance.

Explicit moniworing theorics of choking under
prosaune sujggest that suboptimal performance of a
well-dearned sk under pressure resalis Frosm an -
tempt o cxert explicit monitoring and comml on
proceduralized knowledize that is best run-odf as an
urtinterrupied and unanalyzed structure (Baumeis
ter, IWaas detock & Carr, 20401; Beillock et al., 20802;
Lewis & Linder, 1997, Masicrs, 19923, Thes, high-
level skills hased on an sutomated or proceduralized
skill representation may be more susceptible 1o the
negative conscouenves of performance  pressurne
thitn less practioed performances. This is due wo the
fact that the tormer operate largely ouwside of work:
g memaory, and presaure-induced attention should
most strongly disrupt processes that dre normally
devoid of step-by-step attentional contral

Betlock and Carr 20000 have found support for
the notion that wellleamed, but not povice, senso-
rimotior skill execution is susceptible fo performince
decrements under pressure viid this mechianbsm of in-
IppropEle explicit monitoring or exccution fiscus
Participants learncd a golf putting skill to a high level
wnd were cxposcd 1o i |iIL’.?'.-|'Ir-:."'-‘-III"'|.' spibwaticn bath
eurly and late in prictice. Eardy in practice, pressure
o o weell didd not larm performance. At later stages
if learning, performance decrements under pressune
emerged. Thus, it appeirs that the proceduralized
prErfOrmRinOES of experts are nogatively alfected by
petiormance pressune. MNovioe skill execution, how
cvier, is not hirmed by pressurcdanduced attentlon
o execution, because less skilled performance is al
reidy explicity atgended (o in real time. This finding
g consistent with Muechanr and Wang's (2000 s

sefthod that mwst of the evidence for choking under

[FrEasure has heen derived from woellleamed sonseo-
rimdator Esks that automate via procedurlizinion
with cxicnded practice (scc also, Wamg, Marchani,
Morris, & Gibbs, 2HK )

Wl o s evidlenoe sugeests (e I,'\"Ilu.'l: IRILIE
toring theories pocounm guite well for the choking
phenomendan, One might notloe, however, that o mi
jority of the skills used i the reseirch mentioned
here were welldearned sensorimotor skills thar are
1|1l|||;.'.|1l boy Famn |.'||].:|.'I'. oulsicle of working memaory
with extended practice {Fiits & Posner, 1967 Kecle
L5RED; Prodtor & Duitta, 1999, Working memery is a
short-term memaory system that s involved inthe con-
prod, regubation, and active maintenance of o lmited
wmannt of Information with immediare relevanoo 1o
thie task at hand { Miyake & Shah, (999, Although the
ypes af wellleamed sensorimotor skills that lhave
been studicd so far (e, a well-learned goll put on
a straighe, Mar geeen)y may not rely eavily on work-
inge memory, there are spors skills thar Bkely urilize
working memory resources, This applies, inparticu
lar, b0 skills that invalve holding and mnipabiting
inlormation oi line, such as the tvpes of decision
making and strategizing that are important Compao-
nents of high level performance (e g, reading o com
plex green, stratcgizing aboul an upcoming move)
Thus, it is an open question as o how skills thar do
rely heavily on working memory fare in 3 demind
ing high pressure situation, It seems unlikely that
such skills would fail because of pressurc-induced
apention 1o execution, as these skills are presumakly
.I|H.‘.I1J'!. atended o on hine. Thus, are there other
mechanisms by which such skills might faul#

Disrraction Theorics
If we look to litersture in which heavily working
memory-oenuinding  skills lve boon tesied (e,
the test-taking and maih anxiery Hierarure), mos)
individuals  belleve pressurc-induced  distrction
urilerlies such umwanted performance decreimenis
{as gppased o the type of pressure-indouced over-ai
tention that explicit monitoring theories SUPPOrL)
specifically, distvaciion theories propose that pres
sure influences task performance by creating a dis
tracng enviromment thin compromises the working
IMICETHITY TESMITTCS oY ailible for [FFHTEIEY Task prerfor
muince, [hatraction-hased accoonts of suboprimal

performance  sugpest il porlofmance  pressure
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shifts preentional focus o @sk-irrelevant cues, such
a8 worries about the situation snd its consegquences
[his shift of focus changes what was single-tusk pers
tormance o @ digi-iask sinmtion iowhich contral-
ling thie tisk gt hand and woreyving about the sioustbon
crmpete for the Bmited working memory resounoes
il v porformer

Fhae maost potable arguments for the distraction
by potliesin come from research involving academic
test anxXwety (Ashoralt & Kirk, 2000; Eysenck, 197%;
Wine, 19713 Individuals whi become highly anxious
durring test sitwitbons, and consequently perform ata
suboptimal level, are thought to divide thelr attention
between task-relevant and task-derelevant thoughts
more 50 than those who do not become overly anx
bk in high pressore situations (Wine, 1971)

Additlongl support for 4 distraction account of
choking comes from recent work specifically exam-
ining the impact of performance pressure on cogni
tive task performance. Beilock, Kulp, Holt, and Carr
{2004 ) had individuals perform easy math problems,
as wellas those that placed hedavy demands on work-
ing meermisry, i both low and high pressune situations
The high pressure scenario was based on several
suuroes of prossure that commaonly exist acmoss skill
l-rl|"|'|'|i|-l"-"i—||'rll1'lr.'i.|I‘:|' InCChinves, peer pressung, and
sociil evaluition. Although it is an empirical ques
tirn as o cxiictly how these different sources of
pressure excrt their influence, the purpose of the
stucly wis to capture the realworld phenomenon of
choking, Thus, we created a pressure scenario that
incorporated as many components of high pressure
performince as possible. In athletics, for example
perlirmiinee 15 fredquently scrutinized by others
there are often monetary consequences for winning
and losing, and toum success is dependent on the
performance of individual shleves, which may gen-
CTAlE pecT pressure o perform ar an optimal level
In aciademic AMENAR, Mancia Iy CONSSQUCIOes [OF e
performance are manifesied in terms of scholar-
ships, and future educational opportunities wnd so
cial evaluation of performince come from meniors
[eachers, amd pecrs

Hetlock, Kulp et al. (2004) found thar pressure
does indeed cause {ndividuals o worry, Moreover,
anly those math prroblems thar were strongly rellant
il the working memory resources thiat such wor

rres wre thought o consume ciused signs of faillure

unier pressure. Thus, there i= evidenoe that [ines-
SUre CiIn compromise working meiiiry rescnirees,
causing falure in tasks thot rely heavily on this svs-
LESTM0, SUPPOCT COMes DRorm Wik L -mic mory-inien s
math problem solving under pressure (Beilock, Kulp
ct il 20}, There is also added suppor in terms of
suscepribility to choking under pressure us o fun-
then of working memory capucity,

In particular, my colleague and 1 have examined
the relation between pressure-induced performance
decrements in mathemarical problem solving and
individual differences in working memory capacity
CBellock & Carr, 2005). As mentoned earlier, work
ing memory at heart involves control, regulition, snd
active maintenance of a mited amount of informa.
pon with immediate relevinoe to the task ar hand
iMiyvake & Shah, 19993, Some people have more of
this abiliry Chigh working memory individuals) and
sommie have less (low working memory individuals)
In this work, individuals lower or higher in work
ing memary performed both casy amd difficult math
problems under low pressure and high pressure con-
ditions. The pressure condition wis created by imple-
meting the same scemnirio described in the Beilock,
Kulp et al. {2(Mk) research previously ootlined.

As can be seen in Flgure 4, decrements under
pressune were limited o difficult problems that made
the largest demamds on working memaory, a5 one
might expect. Surprisingly, however, onlyv individu-
als high in working memory capacity showed these
decrements. Individuals lower in working MCITICTY
cupacity performed less well on high-demand prob-
lems in the absence of pressure, bat did not decline
from: their established (though significantly lower)
level of achievement when pressure was applicd
Under normal conditions, high working memiory in-
dividhiuals outperform low working memory individo-
als because they have superior attentional allocation
CARECINES of these ypes. Wihen such artentional ca-
pacity is compromised, the advantage for high work-
ing memory individuals disuppears. Thus, this wiork
provides support for o disoracvion-based account o
pPerTOrmRNCe PressUnc h!{ demonsirating svstematic
differences in susceptibility to perfiormance pressure
as 3 function of individual differences in working
memary capacity. That is, o the extent that pres-

sure cian aperate by impacting the working ascmry

rosources available for performance, i follows that
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Figure 4. Mean accuracy [upper graph) and mesn resction time {lewer graph] for the low-warking-memary group {left panal} and
tar the high-working-memary group (right panel) for the easy (low demand] and diflcult (high domand) math problems in the low-
prassure and high-pressare tesls. Error bars reprasent stondard srmors. Reprinted from Beilock, 8.1, & Carr, T.H, (2005). Whon

high-pewered people fall: Worklng memory and “chaking under pressure” in math, Psychalogical Sclence, 16, 101-108,

individual differences in this resource should moder-

dte the impact of pressure on performance

Performance Pressure’s Dual Impact
Explicit monitoring and distraction  theories es-
sentially make opposite predictions regarding how
prressure exerts its impact. Listraction theories sug-
gest that pressure shifts needed atbenthon away from
execution; explicht monitoring theories suggest that
pressure shifts oo much attention wo skill execution
processes, Can bath theorics be correci?

Beilock. Kulp, et al, (200047 have suggested that
performance pressure oreates two effeces thar alver
tiwy sttention s allocated o execution: {13 Pressure
induces worries about the situation and 15 conse
quences, thereby reducing working memery capac-
ity available for performance, as distraction theories
wilhll  propose. (Z) AL the same tme, pressure
prompis individuals o attempt o control execution
in opder to ensure optimol performonce, in line with

explicit monitoring theorles, This suggests thar how

a skill fails is dependent on performance represenla-
LECH Al 1ﬂ'l|'!l|l.'|'|'|l:'|'ll.||I1 K

Tisks that require executive control of a =e.
quence ol steps o malntenance of intermediite
products may fail via pressure-induced consump-
tHon of working memory (e, complex math tasks
sport strtcgizing). In contrast, twsks thal automate
via proceduralization should fail when sreention is
dreawn to step-hyv-step exccution (e.g., a well-learned
and repeatedly executed golf puttd, I is important
ter moske that it does i seem o e merely 4 cognd-
tive versus motor distinction thar predicts how o skill
will Gl under pressure. That is, just beeause one
is periorming an academically based, cognitive task
does not mean this ask will show signs of filure via
pressure-induced distraction. Likewise, spors skills
do not necessarily fail via pressure-induced explicit
mamitoring. Rather, it appears to be the manner in
which skills unilize on-line attentional fesources thal
dictates how they will fail (though this is often re-

lanesd wor sKill domain
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Phies, sparrts skifls theit make heavy demands
U WOCKINE maEmaory, such as steaie APl |||.||'-|-;'|||
salving, and decision making (i.c.. skills that Involve
comsidering  multipke options simuliancously and
updanng inloemation in eeal timed will likely fuil
as a result of pressurcinduvoed working memons
Lunsumplicn—similar o 3 working-memory-depen-
dent academic sk, These skills, however will be
relatively impervious o artempts at focusing one’s
redmiieiiree WEheTitME1 omn '\'||_lr'|-|'!-!|-l|[|;'|'|. codabrol that is
also induced by pressure. In contrast, sensorimotor
skills that run lurgely ouside of working memory
will full wihen pressure-induced attention disrupis
dutamtiled contml processes—and not because the
verall cipacity of working memory has been ne
tuced, O course, furure work i needed to fully un-
derstamnd how' pressure situations exerr their impact
avToss the entire singe of skills for which {mgaariant
periormanoes sometimes resuln in ;]jh_ir1r_|||.||'|'.ir|ﬂ LA

[
Conclusion

In conclusion, in this ¢ hapter | have presented two
different lines of work that focus on the acquisition
ind muainienance of -.'-.|:|||1-|;':-, skills. The first line
ulilizes differences in the MCIory structures and
an-ine attcntionil demands of novice and CXpErt
sensarimotor skill execution {e.g., golf pulting) to
devebop an account of the realtime control S
tures supparting motor skill performance scross
levels off learming. This seork was followed By a g
SEALEDnn Of my reccnl fescarch examining the ¢x-
CULLYE conInd prooatcsses supporting higher level
cognitive tisks fe.g., mathematical problem solving)
in demanding and high pressure situations, Together,
thesc two lines of work demonstrate how sk type
indd skl level differences in the attentional demands
governing performance can be uwsed o understand
the nature of successful skill execution and why, at
tmes, it falls o dgcur, Thus, if one brings the chapter
ik Full ciecle to Yogi Berra's quote presented in

the first paragraph (i, "How cian vou hic and think

it the same tmed™), the answer scems to be thit it
lepends—it depends on the skill level of the per
former and the cognitive demands of the skill being

rerbormied
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