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ABSTRACT " e

2

e f . A )

The main purpose of this study was o investigate yvhether the construct rate

of 'visual information processing, operat‘ionall)" defined by the use’ °f"‘i‘° backward -,

IR
S

"“masking‘ technique, could separate top ranked" athletes from bottom ranked' L

athletes in fast action sports. Dtsplays contammg four letters were presented lor E

1 .

sttmulus durauons Tanging from 25, to 300 mllhseconds ‘Following stimulus offset, a

patterned maskmg ‘Istl‘mulus was employed for 200_ mtlllseconds. On a specially
prepared ‘response g’rid‘ su'bjects“were instructed to write down as many letters as
posstble from ‘the bnel’ly presented array Results mdtcated substamlal mdivrdua]‘

dlfferences in rate ‘of vrsual mformauon processlng defmed as the total number of

'

| letters reported correctly over all exposure duratlons That lS athletes could be“V

'

1 classrfred dtfferenttally as, "fast vlsual mformauon processors or as slow vrsual-‘." .

t mformauon processors These lndmdual differences m rate of vts al mat‘ion‘.

;‘ processmg were mterpreted as- reflectmg the operatton of attenttorlal factors

lmportantly 1t was found that the baclrward maskmg task could successfully

‘yn i

drfferenttate between top ranked" university athletes and bottom~ranked \tmlversrty

[

athleteé m the sports of ice- hockey basketball and downhtll skring On basrs of .

P

' these f mdmgs it was concluded that the concept rate of vtsual mformauon processmg, t

B as: mdexed by the backward maslttng techmque has promtsmg valtdtty for predrcttng E

performance dxf f erences xn f ast actxon open sktll .type sports

In addmon an expylment was' mrned out to tnvesttgate the construct valtdtty

ol‘ the rate of vxsual tﬁformatton processmg concept Ftve laboratory tasks expected

‘:\ " N \‘ ,

to be reflecttve of speed of. vrsual lnformatton processmg. were admimstered ’to a large S

: number of subjects (N*69) Correlauons between denved scores of these tasks werec«" i




cxtrcmely low, Thc notion of a g‘énexM;rocessmg facmr was therefore not
supported. However serious methodologlcal problems werc 1denuf“ ed ~*1eavmg me
status of a general, Lask mdependent speed of vxsual ;nfo:mauon proccssmg @Smty

undctcrmmed _ , \ o ‘,/‘ 5 S
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A common appioach to the study of pcrccpiuabmomr skills is lo‘view maﬂ as

a processor of information (Fitts & ‘Posncr. 1967; Marteniuk, 1976; Schmidt, 1982;

© Magill, 1985). Central  to this approach is the nét(on of various information
protessing stages and mechanisms lhél intervene be(w;cen the presentation of a

'stimulus and the execution of a rgspoﬁse, Even though there i§ NO consensus among

» -
’

} information processing theorists as to the mode of processing. s‘crial’or parallel, or
aboul the natﬁre of the méchanisn;s involved, lhé basic idea prcscmed is a ﬂow of
information through several processmg stages.. The information processmg apprdach
to skilled behavior shOuld therefore be consndered more as a [ramework provndmg
concepts, principtes, and metaphors, than as a fullblown theory (Mandler, 1985).

A general question of interest from the informa(ioﬁ processing pcfspeclive is
“how much information can be processéd per unit of time, 'Speed of processing in this
comexl is consndered to be an mtrms:c blologxcally determmed property of the cemral‘ ’
nervous system and an 1mponam dctermmam of the quantity and quality of sknlled

4

behavior. The f ollq_w(ng quotations are typical of this perspective;

v

"... consider that the speed-of-processing tests are
"measuring the efficiency .with which persons can
perform very basic cogmhve operatlons whxch are
themselves mvolved in, or whxch underhe other kmdS'

of cognitive and mtellectual behaynor - then the v

speed or efficiency with which individua@s can execute



the cognitive operations involved in a given task or
problem might - be expected o have a consxdcrable
effect on the.success of their pcrformance of the

task.” (Vemon. 1983, p. 54) R R

"... even very small individual differences in rates of
information processing, when ‘rﬁultipligd by days,
wécks, months, o‘r years of g‘nlcraclion wil.h the ﬁyriad
.opportumues for leaming' afforded by' common
experience, can resul( in easxly noticeable differences m
the amounts of acquired knowlcdge and developed’
intellectual skills. . Al a momem 3 glance there is
scarcely a noticeable difference between the _spced of a.
. car averaging 50 and anoiher 51 miles per1h§ur. but

after a few hours on the road the); are completely out

" of 'sight of one another.” (Jensen, 1980 p 105 cued.

- \

‘ in Salthouse 1985, p. 216) ‘ ' .

.

'Thls study is concerncd with the hmnanons of the perceptual mechamsms mvolved in
lhe processmg of shon durauon visual mformanon ln pamcular thc pnmary
“question is whether mdmdual dlfferences among umvcrsn) alhletes in percexvmg raplg
visual dnsplays is related to athleuc performantc efrecuvencss That 15, the studles
lreported here were desngned to (1) determme the relative ratcs qf wsual mforma’uon
processmg of athletes (2) to deterrmne the extcnt to whxch rate of v15ual mf ormation

processmg is predxctwe of general performer s exce}lence in athleuc skms and ( 3) o

mvesngatc the construct vahd:ty ot‘ the_rate of vnsual mformanon concept

v:‘
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~In short, the rnain hyp'othes% investigated in this study is ‘that the rate at

4

. ‘which an indmdual prooesses ylsual ml‘ormation has tmportant imphcatxons for the

il

quahty of sktlled behawor The f undamental assumppon underlymg tlns hypmhesrs is

¢ ! '

that a faster speed of processmg ls advantageous or, stated dlfferently thAt a

‘subject s mdlvldual rate of rnformatlon processmg is a major llmtung factor in the

"quality of his or her performance . "

.
- et .
[

Skill and Ability . n T

i . N N

~

' dlstmgursh between the concept of -ability and the nouon of skill (Flershman 1966)

In thrs view abllrtles are conoelved of as relatrvely stable and endurmg tralts whlch are o

qulte dlf ficult to change Skills, on the other hand 1mprove readlly as a result ol'

expenence and are easy to modlfy through practrce Nevertheless, as Flelshman

D ...l

(1966) pomted out "many abtl,mes are, of course themselves a product of leammg :

-

. and develop at dlf ferent rates, mainly durmg chtldhood and adolescence” (p 148).

More tmportantly abtlmes are usually general in. nature that s, they may'

.underhe several sktlls and thus apply to several srtuatrons or envtronments wlule ‘skills

. are usually envrronment dependent or sltuatnon specrf ic: ln other WOl‘dS ,abthtles are '

«

"som.ehow more baslc than slnlls smee they are related to performanee in a vanety of

suoeess in a vanety of- fast action slnlls
4

i

‘\ The above differeuuatton between sklll and ability provxdes two possable .

A

o explanauons for mdtvrdual dtfferenees in performer s exeellence One account holds

It has beet argued that it is important in the study of individual differenees 0

h human tasks For example evrdenee for a general abthty of attenuonal ﬁembthty ..
‘reported by Keele antl Hawluns (1982) eould they clarm. be of use in predrctmg



that lask suocess largely results l‘rom practlce ThlS houon ol practice related

. 1mprovemem 'of "Skill -js consment Wllh the- idea of task specxfncnty. That is, alnll 1s

_ specific 10 “the lagk practlced (hmsman 1966 1978 'Marteniuk, 1973 Keele &

| " y Lo . "

Hawkms 1982) . ' .':V ';.' RRRTRN PR P
K 4 - ' " ) n W ' b '. '.:‘

. ' » On the other, hand as Keele and Hawkms (1982) pomted o@ the pOSSlblllly "

! \

rémains thal people dlffer m some general abllmes that accounl in parl for dll‘ ferences v

¢ ‘ a 4

i sknll (p 4) Although lhere is no slrong evxdenoe to suggest tha; rate of vxsual

A
N

' LA

\ A .
. mf onnauon processmg is an Abnluy as above def med lhe fmdmgs thal rale of visual

,‘!~
l\ \

" jnf ormalion processmg seems to be relaled 10 mtelhgenoe (Mosley 1981 Baumexs&er

!

Runcle & Gardepe 1984) “and age (Walsh,: 1976 Di Lollo Amett & Kruk, 1982)
]
l support ns conceptuallz.anon as an abihty Therefore for the purposes of thls study, ‘
“ .' A {f\,\
we tentauvely assume that rate of vxsual mfo'fmauon processmg ‘has the statps of an
. f . . ﬂ K N , t

ﬂabxh(y Cee g _ \ | oo B

. . : . i
\ ' ' L . ...‘

YoM o7 QOpenand Glosed Skills 0 L b

' . \ i )
. ‘, . Y N ! T ' ;| 5 ' s . .
The abxllty to process vnsual mformauon quxckly and accurately ls a f actor or

l‘ . '

‘ cruc1al 1mportance “.% many slnlls Consnder for example fast actnon motor slnlls

A

T
A ]

l such as batung m baseball, playmg hockey and soccer boxmg and flymg a Jel plane

These slnlis are performed in: rapldly changmg envxronmental dlsplays and thus
requue maxxmal perceptual momtonng ) , .’ ‘ l s .

The 1mpommce of envuonmemal mformauon from a changmg dlsplay ‘m the

'\

contxol of performanoe has been wxdely reoogmwd Indeed Poulton s (1957)
classnfxcauon of slnlls as open and closed is based on the type or enmonment v

.,(

they afe _performed in. Open sluIls ln l’oulton § classlfxcauon mvplve conunuously

LA



changmg situations and consequently rely heavily oni. the abtlity to perceive qutckly
and accurately 'Closed sktlls ltke bowling and archery, are charlactenzed by static..
. mvartant and htghly ptredictable enytronmental cucs ' and hence need mmimal
‘ perceptual Interpretatton | ’ I ' | L r : |
Grven aoceptanoe of the tdea that perceptton olays a pn?otal role m open !

boeoo - ' ) 1

“s'k‘ills n is ' concetvable that dtfferences m perceptual abthty are related to slqll

o .
Vo v
"

prowess Generaliy\ the ratronale behmd thts speculauon ts that athletes who are. able
\ v " RS

.prooess vrsual mt‘ ormauon at a fast rate have an advanthge over slow pmcessors in.,

that they have more and qurcker informatton avarlable o them. béfore comnittttng\ . X

ey . v l

:" thernselves {o an actton lndwd wrt‘hout an adequate mmai representauon of the

‘ envtronment there rs nothmg to know nothtng to remember and nothing to act upon

. : : . (‘ -
(Baumelster Runcte & Gardepe 1984) It s the explrcxt goal of this study to -
determme the exte{tt to whtch Tate: of vrsual tnformattbn processmg contributes to

! ‘ W . 0"

A N e “ B
general performer s exoellenoe in team sports of the. open sktll vanety\ IR
NI [N N . Y v .. . o ‘. ' ”‘. . ‘ “,A‘r.“‘ ,"‘ ‘s
| ! e : . ’ B ! ’ " R :‘f”" . X W d at ' e ‘. [
N l" ' "~ ’ " A I " L .“ ' K ' ," . \‘ N Sy
T e e o . Iconfe Memory = .0 a0
' T - S ' roe T R . Vg, !

s , ' There'are three ltnes of evxdence whtch suggest that 1ndmduals dxffer vndely

) ttn thetr abtltty to process short duratton vrsua} dtsplayst. Rate of v1sual informatton o

x .
e. < "v,u.'

proeeSsmg in thmcontext is’ Operattonally deﬁned by the use, of the thsual backward
- N a

- maskmg paradtgm in whlch a subject s reeogmuon of a brtef informauonal target

D i )

stimulus lS impatred by a tratlmg. non mformatxonal rﬁaskmg sumulus Berore

dxscussing this evrdcnee tt seems useful to mtroduee bnefly tbe eoneept of short*termt
e
Vtsual storage or rcomc memory. as Netsser (1967) tcrmed tt smce toomc memory is "

" ‘o,.
\ 1

; regarded by many theonsts as a. keyv component m theones of v:sual tnform,atxon

RPN X . N



, the Parttal Report prowdure and the number of letters reparted in the Full Report .

prOcessmg v R R \

R K ' ' ' L '
i o o) i L " . y Ve Coa ' "

, In a classxc study Sperlmg (),960) demonStrated convmcmgly that followmg

display offset subjects ,l&ad more lnformatton avatlable -than they ‘cotild consctously

" " l‘r.

report Sperlmg was able to show thts by comparmg the results of two expertmental ‘

(N
'

1

techmques In the Full Report techmque subjects were asked to report as’ many
4

I' N .'\.

letters as possnble from a brtefly presented‘ stimulus dtsplay Subjects tn lhls srtuauon '

were typtcally able to repqrt four or. f ive: items lncreasmg sttmulus durattOn dtd not '

. ' b

wl. ,\ . . D ‘_.1

eSult in tmproved performance reflectmg a fundamental hmrtation on htlman

ty il
K oo A

N
. v P . A,
N [ —l»—\ v

ln Sperlmg ) (1960) mnovattve Parttal Report techmque sub]ects were asked

o 0 vt Y .

) Y B
'bnef descripuon of one of the éxpenments reported m Sperlmgls (1960) srudy

! i
N ! \

A y . H )

“50 "mllllSGCQndS lmmedtately after dtsplay offset a tone was presenred mdtcatmg

o s e W .

whtch row to report A htgh frequency tone srgnaled the report of the top row ‘a-

KY

- perceptton known as. the Full Report Ltmitauon ' ‘ B S L -

1

vto report a subset of the items presented To 1llustrate the Partlal Report technique, a

£ ollbws Sperlmg presented subjects wtth dtsplays consxstmg of 3 rows of 4. letters for *

medtum frequency tone the report of the mtddle row,,and a low frequency tone the .

report of ‘the bottom row . Even though the order oflpresentauon of the tones was

7 A Arr l

b

@ random thereby precludmg suCcessful ant;crpatton of the forthcommg tone, subjects

S \

““were. able to report vxrtually all t.he “items m the fow mdtcated by the tone The

;."-r‘ . K

é‘pevttable conclusxon of thts fmdmg was that )all of the: 12 ttems m t,he dtsplay must

5

have been perceptually reglstered in a buffer store wluchl Sperlmg r(1960) mmally

called v1sua1 mformatton storage and Nersser ( 1967) later comed tconic memory

T »).

The dtf ferenee between the number of letters avallable in roomc memory as mdexed by ;

o v\ .
-

A 8

gondttion beeame known as the Parual Report Supertonty effect (COItheart 1980)

e

o

’
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ln ordento assess the functronal ltfeume of 1conie memory, Sperlmg (1960)

. 0 v ' n . .
N B . B ' Lo . - '
- . i , Lo ) Lo , 7 B
' ' . N vt - " i "

@ystematically delayed the onset of the tone and found that the number ol' rtems,

Y

. reported f rom the dlsplay dropped aecordmgly (see thure 1) Af ter a delay of about

@0 ms, the number of letters availablé "in |conlc memory equalled the number of

\ st AR

letters reported in the Full Report condmon This f lndmg mdrcated that the usef ul

ﬂlil“eti‘. , of 1comc memory was about. 250 ms. - The flndmg of a Partial Report

B \
. } )
[N IV Yoo
) 0 E ' . ’
R ' T e v *

.\.‘-H. . '

A

»

Followmg lns elassrc work on the expertmental demonstrauon of 1conic ‘

¢ Y e 1
‘.memory, Sperhng (1967) proceeded o lnvesugate the rate at wluch information from

~

AN

- tcomc memory an unconsetous buffer system could be read out to a more .'

S [ " ' s ..‘ n

b va

st_mulus duratrons he presented shdes contammg a number of letters followed by a

| maskmg sumulus consrstmg of randdm black and whrte squéres Thls prowdure 1s , -

‘ known a’s the backward maskmg techmt]ue Sperlmg s, basic fi mdmg was that the

n“.‘y

:;‘numberr of. letters reported eorreetly mcregsed eonsrstently up to some Value between

"_50 and‘ 100 millrseoonds: at wmch pomt about 3 or 4 \uems could be reported (see

Flgure 2) Beyend 100 m;ﬂfseeondsi the rate of aequmng letters was very low at
most about one item per cxtra ioo mllhseeonds coulcr be recalled” (Coltheart 1972)

In other words xmtmlly letters seem tp be'read out from icomc memory at a lugh

3

permanent system (often 1denufred as workmg memory or short 'term memory) 'm

rder toc be teported Sperltngs ( 1967) approach was as’ follows "For dtfferent

»

Ly
-
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Fxgure 1 A schemaué xepresemauon bf the pamal repqrt supenomy effec;, showmg
‘the large dxffere ce between number-of.. nemp ava;lable in’ iconic: memory « (Partial" :
+ Peport) -and short term- memory (Full. Report) wmch‘ dumnmshcs as a/ funcnon of .

Partial ReporLcﬁe delay‘“ (PR PamaI Repart ‘FR = Full Repqrt) (Af ter Haber
1983) by
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robust phenomenon as srmrlar resulls have been reported by subsequent researchers

(e g Mewhon Menkle & Bryden 1969 Coltheart 1972 Cerella P00n & Fozard
1982) R S S \
R C It is not surpnsrng. 1herefore Lhal many researchers ‘have . recogmzed the

backward maskmg task as a useful 1ool 1o mves;rgate mdmdnal drf f erences in’) ra;e ‘of

-vrsual mt‘ormauon processmg (e g Lovegrove & Brown 1978 Cerella Poon &, B

1

Fozard. 1982) 'I'he cmical assumpuon underlymg lhe use of the backward maskmg

task has been well descnbed by Dx Lollo Hanson and Mclntyre (1983)

[ 1 ! .

oy . . . . Ty Yoy .‘i : .

H o) ) } . . . ) “,.v
!

| "Performance in backward maskmg is: wndely regarded“
38, an index of the rate of vrsual mformatron"
S ‘i»‘,pIOCCSSing on lhe plausible assumptron that the'_'
o rmparrmem in performance is the result of insuff 1crent'1"‘ ;
AT Itnme lo process the test sumulus before Lhe arnval of | )
LR ,‘_;“the mask Thus a glven bnef SOA l‘may permrr -
» 3 : vummparred percepuon of the test strmulus m a
S . . 'Ifast acting vrsual system but may permu maskmg m a . : ; .

S U w'.slower system (Dr Lollo Hanson & Mclmyre

oot
h

: .",1983 p 924)




' Individual Differences in Rate of Visual Information Processing

BN
‘.-l

Having presented the concepl of ;comc memory, evrdence in’ support of the‘ ‘

i .

exrstenoe of sigmfxcam mdlvidual dlfferences m 1ate of visual mformadon processmg,

that rs rate of read out f rom 1comc memory wrll now be drscussed
Al

One line. of evrdence stems from the respecuve observauons of, Turvey (1973) ‘

A and Marcel (1983) Both researchers reported that when a backward pattern mask

"

was employed a wtde mtermdividual vanance existed in Lhe word mask strmulus onset '

- asynchrony (SOA) at whrch one was able to recognwe a word or Lo detecr the mére ~

“

presence of a word
A secorld hne of evidence 1s based on studres whrch show slower prooessmg 1

rates as age mcreases (Klme & Szafran 1975 Walsh ’I‘rll & Wdhams 1978 Di Lollo T

Amen & Kruk, 1982) S

‘ .

A thxrd lme of evrdence rs offered by SIUdleS whrch demonstratc

mtellrgence related dlfferences m rate of vrsual mformauon processmg (e.g.,

Galbrarth & Ghddon 1972; Mosley, 1981 Bamneister Runcre & Gardepe, 1984).

That 1s a basrc mformauon prooessmg defxcrt observed among low IQ subjects
o { B

appeared be the result of relanve slowness of lcomc read our Addrwral support for

1

tms nouon as pomted om by Baumerster ,Runcre and Gardepe (1984) came from a

serres of studres. m whlch a’ denved mdex called mspecnon Ume was found to .‘
dxscnmmate Suoeessfully between hrgh and low IQ subjects (e g Hulme & Turnbull o

1983) Inspecnon mne ‘tlus context referred to the rate at which mformanon was : :":"_\‘;

sampled' andeas operauanally def‘rned as the mimmal exposure duranon necessary to“f;r,",f" 3 'j

brrefly presented lmee"?which vaned m,'j‘lg" "

rnake a rqliable drscrrmmatiovy between l't i
: maslnng‘snmulus In thls kmd of task low 1Q“"'

en,gth": and ‘were ffotlowed byr |




\‘\ ‘ . '
,‘\\-.\\ Lo TR 2

subjects showed cor}Srs\temly longcr mspecuon umes suggesung that they needed more

rume to prooess a given a unt of inf ormat10n This fi mdlng pormed 10 an lQ relared_a

‘ speed of processmg hmrtauon \(Baumerster lecie & Gardepe, 1984),

- rate hypothesrs 1s thal 1( mrghl be operauonally def ;ned wrth f arrly sunple lasks such :

- -as chorce reacnon ume or ume to cscape visual backward maskmg (p 19.1)

\

Ina srmrlar vein Dr bollo Hanson and Mclmyre (1983) reponed evidence

that dysleﬁc chrldren process vrsual mformauon slower than a group of normal
comrol subjecrs ‘ b g \ ' . o

\ TRmportance of the concepl of rate of mformauon processmg in

‘, b A
drfferences in performance . Accordmg to Salthouse (1982) me sloMn of mosl

rd

e all elememary operatrons wrlhm the nervous system Along these lmes n 9 ms
‘ﬁconcervable Lhar mdmdual dxfferences in rate of m(‘ormanon processing mxghr noL\

‘ only accoum for drfferences m per(ormance between age groups bur also wlthtn age

'

_ groups Moreover rSalthouse ( 1982) argues lhat a basrc advamage of the processmg

‘\\ o . .
Wt [T A . ™ A : : e . L Tt
' . . i . S . m . .
; . . ,
. 3 e b

 Sport Specific Perceptual Skills . . ¢

IR
Lo f .
B

Besrdes studres of the abrluy to prooeps rapld vrsual drsplays, mere have also

/

Cot

| been studres of sport specrfic percepmal skills In general terms lhe basnc findmg rs i

that hrgh ‘level players have supenor peroepmal skllls m situations pamculan io thcrr
| sport only For example Allarcl Graham and' Paarsalu (1980) com%ared the
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n\‘u

slides cofi

o

tﬁng s;ruclurcd and unstruuurcd game mformalion aflcr a four second

vicw peri y found that baskctball players were superior (o thc non- playcrs in

recall of str&é[urcd shdcs only. . As pomlcd out by Allard, Oraham and .Paarsalu

7

l
4

(1980) slmilagigu}kts havo bccn cstabhshed for the game of. chess (deGroot, 1965:

Chase& Simow, Y973). Go (chman 1976) and bridga (Charness, 1979)

In cssenoe the paradigm used in "thcse studxcs of perceptual skills consists of
demonstrating an interaction belwccq_ overal‘r skill level (i.e., high versus low) and

. . S ' .
type of stimulus infOrmation (i.e., structured versus unstructured). The logic of this’

Ar.

interaction paradngm is tha( when superiqn perccpllon by skilled athletes is observed
only for siluauons parncular lo lheu sporl cvndcnce is obtalned for the sngniflcance

of encoding of structure as an xmporlam sporl spetnﬁc perceptual skill (Allard

t \

Graham, &Paarsalu 1980) » - S o P

In sumh;hry, thc«inte’raclion _paradigm’ is important for demonstrating skill in
perceplion relative 10 a parucular sumulus cnvxronmem that s, ”relative to a sport
specnfnc context, Skilled peroepuon accordmg to th:s paradxgm is only observed

P

whcn a mgh level performer is requlred to encode mformauon about his or her -

pamcula_r‘sport (AAlath & Slarkes-‘ 1980). Studles cmploymg the interacuon paradng,m ‘

have gencrally used auvely long duration dxsplays (four or fxve .second '
b ;f
penods) in combination with a recall or .recognition task, and have provnded robpst

evidente in support of the nouon of nmportam sport specific perception skills in terms .
of encoding accuracy, ' ‘ '

~ Nevertheless, as' Allard, Graham, and Paarsatu (1980) pointed out the «
, successful athlete "mtiSt encode i‘nformation qhickly as well as accurately - (p 20;
italics ddded) In thc followmg, ewdence penammg to the notion of speed of

.'processing as an importam glement in skllled behtmor will be: dxscussed
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b )

Rate of Visual Information Proc‘essing,las \a' Be‘slc AbilL&y

n

As just ‘memion,ed‘, besides a context dependent ,perceptual skil} ;és a
constituent facter of excellence in skil;ed behavior, there mighr alsp be a general, .
context indeipendem perceptual ability as’a correlate olf skilled perforrrnance. ‘Ahj a-‘
factor 5:“ seccessf ul performance in o'pen‘sl‘:ills, this more basc perceptual ability is

# concerned with processirxg ‘speed and js demonstrated experimentally by a sig.niflicanl
main effect in the recognition speed of non-spectfic stimulus material between groupe
of ‘alhletes who differ in cxceilence, ‘ L o

Unfortunately, the few studies which have been concerned with speed of
processing and how it relates to level of expertise have gernerally employed task
specific sti‘mul\us-malerial, Sloboda (1976) for example, exami»ned th'c way in whic‘hA
‘ex‘perie'nced musicians differed from norvmusicians‘ih the Ipcrception of  briefly
exposed' pitch notation, Slobed}i (1976) lfound'a distinct perceptual superieri(y for
musicians over non-musicians, S -

Allard and Starkes (1980) stlr‘cjied’ the perf (‘)rmance.‘of r/olle}'ball players and
,non?players' m a lasklinyolvi-n'g the detcction‘,of a volleyball. Their experiments

-

showed that * volleyball players are much faster’ than non-players al detecting
- 'vollgybaus in, rapidly presented slides. ’ | |

| Finally Fleury.‘ Bard, and Cerrie-re (1982), using a backward masking
paradxgm presemed slxdes for short durauons whxch depncted schema.uzed offensive
.basketball situations. Thelr basic f mdmg was .that performance varied wrth level of .
expertise; the expert players outperf ormmg the novices. They concluded Lhat speed of |

vprooessmg is an unportant attribute of slnll level
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L

The above studies do not, however, provide evidence for the existence of a

genera[ specd of proccssmg faclor since they employed task specrf ic or sporl specxf ic )

v 1

sumulus ,matcrial. Their fmdmg of superior pcrfOrmancc for experls is consnslcm,
therefore, with the nouon of task spccinc pcrceplual skllls even though the rcsulls do

not rule out. thc possiblhly of a more basic specd factor.

"'

‘ ln order to dcmonslralc thal spccd of yisual mformauon processmg vnewed
{ .
' more ‘as a hardware ablhly than as a learned sofrware skrll is'a corrclale of

f

succcssful performance r( lS necessary to, cmploy non~specif C sumulus material, In

this study an altempr was made 0 satisfy use condmon of non specific stimulus -

\

matcrial b)' pr;semmg shdcs comaimng letters of the alphabet The underlymg

assumpuon of this expenmcmal mampulauon was that umvcrsny athlews would nor

)

dxﬁ’er from each othcr in their ammarhy with alpha numeric sumulus material,
J .
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Speed of visual information processing is an important factor in performance

level in 0pen skills. .The ‘app'roach used 'in the l"bllowing study to suppdn this
comenuon dlffers from the interaction paradlgm in several aspects First, (ype of

sumulus material is not systemaucally yaned bul held constanl and neutral (le

,le{ters of the. habet) Second stlmulus durauon is nol held constam ata relatively

i

. long duralion put. systemaucally. vaned from 25 to 300 mllllseconds Morepv'er'\
k following sum lus offset a maskmg sumulus is employed Thlrd there are no
| “prof ound dlf fere between the athletes in the subjecl pool in terms of hexperience N
and g'eneralsl:ill level, jn that they are all varéily.athleles:.. This“lafler're'quiremem
. takes into ‘accvolum 'the fact that perl‘olmance success‘ ls nndoub'ledly dctermined bya.
varlely of l'aclofs ll' the groups to be compared are not homogeneous in lerms of -

other potentlally lmportant factors mfluencmg performance level the expenment wlll
' be confounded and | Lhe effect of rate of proccssmg could be swamped by‘
: uncontrolled variance. Fourth, ghe»aubjecta are differenllaled- into ‘n‘vo‘ ‘giqups
(i.e.."top-ranked" and "bo_uom—.ra‘nl"ced") by, the head ‘coac‘h.' aceording A lhe
eriterion- of general performer's ex;cellenoe. ‘Tak‘en logether lhese experimental
manipulations wxll make it poss;ble to-'conclude that, when a sxgml‘ icant main effect in
;"recognmon speed is found between lop ranked " and bottom rankcd alhleles ‘that

rate of vnsual mformauon prooessmg is an 1mponam mediating " variable in skilled

’ behaVnor. ' o o o
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CMETHOD . .o

N Subjects o

S ! o : b .
Co Twemy two male athletes from rhe Umversrty of . Alberta served as, subjects
er were recruited from the varsily baskelball team srx from the varsuy football

leam and ten from tl)e varsrty jce- hockey team Subject seleduon was random and

promded on grounds of acceesrbrhry E o . ;

)

I The basketball players (mean age 20 8 years range 18 to'24) -averaged 2 7
yeaxs of’ mtercollegrate playmg experrence the football players (mean age 19. 8 years

' range 18 to 23) averaged 2 0 yeﬁrs and the hockey players (mean age 22 2 years
range 18 to 25) averaged 3. 3 years , _ o ‘ '
v ‘ N - * ¢
All subjects were unpard volumeers and had normal or corrected o normal ,

'

vision.
’ .

R
++Apparatus

Y ot
1

‘Thel snt:iects 'stood‘ in a 'ndrrnal:ly\ lit |r&\)om and. viewed f rom' above a 8.5 x 3 0
cm honzontally placed rectangular froeted}opaque rear pro_]ecuon glass screen at-a.
dnsranee of abontl 5&‘ 'em Vrewmg distance was kept constam by reqmnng the

o . subjects to reet thelr chxns upoh a suppomng frame | } ,, o

‘A,‘\ ! . . ) .
e .

Tcst and mashng snmulus were ‘rear- projected upon the screen vra a mrrror '

A
[}

They were projeeted taclnstoscopxcally by two xdenrical sets” of apparatus each’ :
consxSting of a Kodak shde projector (Ektagraph) an’ OpUcon Umblrtzv_

electro programmable shutrer (Model 262) and an Opucon Unibhtz shutter driver -

l i



[ ! . ' )

g ,'
' and ttmmg umt (Model SD- lO) Oontrol of dtsplay parameters was establlshed by a
PDP 11/ lO computer in con]unctron wrth the Umblitz SD 10 shutter’ control units,
The’target stimuli- conststed of 35 mm shdes of f our dif ferent letters arranged
‘ m a lmear array The letters for each array were randomly selectcd from all:
consonants (except for the letter , ) to mtmmtze the posstbrllty of subjects
mterpretmg the arrays as’ words A total of 100 target arrays was I:onstructed |
Two dtfferent sizes of letters were used for the. elements wtthrn the target
arrays The two outer elements were 10 degree of vtsual angle tn hetght and 0 8
\degree in wrdth while the two mner elements were 0. 5 degree in hetght and 0. 4 degree .
2in wrdth The inner letters were spaced 0. 5 degree apart while there was a dtstar@ of
1.5 degree between the mnt:r and outer letters These values wete chosen f rom the

N

'guidelmes establtshed by Anstis (1974) o keep letter resolution above threshold at

both rettnal locattonst The outer letters were pnnted in upper case Helvettca Medtum

i

- script, and the inner letters were pnnted in upper case Helvetrca Small scnpt

The masking sttmulus consxsted of a pattern ‘of randomly supenmposed letters -

"of‘bothStzes and it covered theenttre freld ', oy -,’ ;f o
PR Ao

Target sumull were presented for stx dtff erent stxmulus duratlons 25. S0, 75

' ! \ N o\

| " : ) 100 150 and 300 mtlltseconds Followmg target offset the maskmg sttmulus was ,

-"'dtsplayed'for 200 rnilltseconds = fo f | | ": . RSO
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. t ' . oo .
W . . . . .
) [N [ N 0 0

'
rlh|r

Subjects were tested mdrvndually in- a session lastmg approxrmately 20 mmutes

r

After entering the room the subjects were mformed about - the nature of the

".-\ ' v

expertmenta—l task Each subject was then shown a random sample of ten target
. ;x, : 1
. arrays at several strmulus durauons in order to. onent them' to the task Following
. N .
these onentmg mals the subjects recerved a, bl”ock of '15 tnals for each sumulus

[

duratton The frrst five: tnals of each block were cc?hsrdered practlce trtals and were

3, 1!

not included m the analysls Eac'n subject recelved the same order of presentauon bf

o

the stxmulus durattons ‘which started wrth the longeet (300 ms) and ended with the '

l .

shortest (25 ms) Pnor to the expenment all shdes were: randomly mtxed and

’

L V.

arranged mto 1 block ol' 10 tnals (the onenung tnals) and 6 blocks of 15 tnals (the '

' L

" test tnals) R SRR }

S L

For each tnal, subjects were mstructed 1o/ f 1xate on the eenter of the screen

and to gtve a verbal ready slgnal Then the: expenmenter pressed a button whxch

lv\
. . ‘ l

1mttated a warmng tone of 50 gs After a delay of one second the target stxmttlust :

, PR ,v-(‘ !

appeared whtch was followed at its of fset by the maskmg sumulus The subjects

wcre mstructed to. wnte down as, many letters as possxble from "" onel‘ly presented B

l

Sy .
array ‘on’ a specnally prepared response gnd Wmle the vsub_:ect wrote down hxs

,l.

response the expertmenter advanced the shde projector by a remote control lt was o

\

etnphaswed tbat letters had to be reported m.,the; corres ‘locatxon and that guessmg l
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or. ‘eoual“'r‘a’nks Based on these evaluations top ranked” and "bottom ranlted

groups were formed for each sport That s} athletes rn the top 30 peroent of the
Jogo e s [

rankmgs were oategonzed as top ranked athletes and athletes m the bottom 30

RE L "\u \ 5 1' ) ‘ |

percent of the rankmgs were categorlzed ast "bottom ranlred" athletes
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thure 3 dtsplays the princrpal results of this expenment Mean ‘number\ of

. Ch

g letters reported in the correct posmon is' shown for each mdrvrdual in hrs respectwe

o

"

type of sport; as a funcuon of sttmulus durauon No mferentral statxsttcal analysrs .

-~ \ o ' \

were, performed on these data Vtsual mspecuon of. Frgure 3 reveals for all three

v, ,. '
'

\sports consrstent performance dtf ferenCes between athletes on the backward maskmg

RN

task Athletes seem to dtffer both in Tate of mforrnatton gam and in final amount

¢

gamed at least for the sumulus duratrons employed in: the present expertment The

overall shape ol‘ the functlons relatmg amount reported to strmulus duratton that is,

i

an mlttal steep slope followed by a relattvely shallow slope. seems to hold for each .

'» mdrvrdual and resembles closely those reported by other mvesttgators (Coltheart

1972). B P : E

. R
[ B . ¢

To present the expenmental results more effectlvely the’ indi’yidual

performanpe curves \vere dtchotlmtzed mto two groups based on. the cntenon of total

nmnber of letters reported correctly Thrs resulted in the l‘ollowmg two groups a '

) X

"fast group consrstmg ol' the athletes wlth the htgher total number of ]etters
reported correctly’ and a slow group consrsting of the athletec wrth the lower total

number of letters reported correctly 'I‘he applicatron of thrs categortzatron séheme to

1.

the rndmdual performanee curves shown»rn Frgure '3 resulted in the group curves -

/
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presented in Frgure 4. From Frgure 4 it rs evrdent that athletes in the three drf f erent'

sports can be classrfred drfferemrally as slow" visual mformauon processors or as":'

J t
. N :

. . .
. N
N

fast vrsual mformarion prooessors * e 1.-f S . SIS
anure 5 is: a summary of Frgure 4 and shows the mean performance curve of e

' ' 1

g 'fast vrsual mformation prooessors (mean age 205 range 18 to 23 mean."."
number of years of mtercollegrate playmg expenence 2 3 range 1 o 4) and the
! “y . . » .
"slow " vrsual mf ormatron processors (mean age 21 8 range 19 t'o 25 mean number of

“y K
(A :

“ryears inrercollegrate playmg experrence 2 3, range 1 to 4) averaged over type of Sport s

*j The data underlymg the performance curves of Figure 5 were entered m a 2

(group) x 6 (exposure duratton) mrxed analysis of Var‘ance (ANOVA) wrth repeated

v measures on the factor exposure @urauon Thrs analysrs ylelded the followmg
o srgnifmnt eff‘ects group F(l 20) 74 6, p< 001 o exposure duratnon

F(S 100)=2323 p< 001 and the group by exposure duratron rnteractr'on.‘
F(S 100)~ 111 < or : }‘ T

[ s C i [T R e Col i .\‘
.r,~' '

The srgnif rcant mteraction between exposure duratron and grot)p rs of obvrous
. concern Tests on the srmple mam effects of the factor group were srgnifrcant

(p< 01) at all but the shortest exposure duratron (Wmer 1971 PpP.- 518 532)

other words at the shortest exposure duratron 'lfastr and, slow-; processors-‘ :

[ . v

performed equaliy well L

Thrs 19 an important frndmg for several reasons Prrst 1t ref utes alternatrve

‘. '..‘,r

\accm.mts whrch explam the observed drfferenees at longer exposure duratrons m terms

of other factors hke mouvauon anxrety and arousal level" '

L

o ”1" i : ‘ ' "r',‘.
e Second 1t suggests that response bias factors were not present m thts~

expenment That rs 1t could be argued that "fast" vrsual rnformanon processors

guessed" more of had a more lement response crrtenon ‘.'and therefore showed '

v ‘s ’:li.
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" “‘3uperlor performanoe However if such response btas factors a ad operated: in this'\

“ ‘expenment they should hlave been evrdent at all sttmulus duratrons o R

"

The errors made b'y "l’ast and slow processors were analyied‘.in 'order to ;

l‘bolster the above argument Two types of errors were dlsun urshed errors of

N \

letters reported that dld not appear ln the ongmal strmulus array Locatron or_‘

,transposmon errorsr on. the othcr hand resulted when subjects correctly reported the

" tdenuty ofa letter but wrote tt down in he wrong locatron e

In order to calculate these Iwo dtfferent error scores the raw data were o

[ o
. \t. -

l

analyzed i the followmg wav prart from the cntenon of 1denttty plus locatlon";' .

b .
' |

, correct two new cntena were devtsed The frrst was based on the more lemcnt

‘ "crttenon of tdenttty correct that rs mdependent of locatron, and the‘econd <:rrterton~ e

'
I

' was - slmply coneerned wrth report per se that is; rrrcspecnve of the correctness m ‘

termsoferthertdenuty orrdentrty plus locauon
o ! »""‘ Lo "".,"','3“

In short f or each subject three dtf ferent scores were caiculated o

Yo e
. . B |
CRP, | L ) [

v
t

P J ,,‘A‘ . R
N CLU N ' B vy Y

3 1'-.»_‘ ‘mean number of letters reported per se

2, 'f mean number oT 1etters reported correctly under the condrtron of identrty

‘5 ' g

. S Co R ) o Y ~ |.,‘ . o
. ! ) . R . A v . ".' ! . i K
4 . v . . . a oy ' TR L ' L T

| Vo o . S a R . L CN

§ 3 mean number of letters reported COrrectly under the conditron of rdenttty plus

N \’tn . i
o R P o "‘*r

Vot

, o loeetion correct :" Dt e e ‘flf?‘_ N

e

"-'Subttacnon of seore number 2 (rdenttty eorrect) from score number l (number of

Jletters reported) was taken as* an mdex of 1dentit "'errors or mtrusion errors - . i
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The above three scores and both types of errors are presented in. Frsure 6 for

(Y Il

' both the. "fast” and slow vrsual mformatron processors averaged over exposure
. duratron From F)gure 6 lt is evldent that "fast and slow processors do not drf fer"
L} l‘ ) I".l' .

.in amount of errors made . (mean number of ldentlty errors 37 and 39 for ."fast” and

. . 1
v

"slow" prooessors respectrvely mean number of locathn errors 18 and 22 for .fast

‘"

and slow processors respectrvely) Overall hOWever both fasl and‘ slow

1

processors make more tdentrty or mtrusron errors than locatron or transposmorr,

,’ errors Thrs pattern of results was confrrmed by a 2 (group) x 3 (s<:ore) mrxed

v analysts of vanance (ANOVA) wrth repealed measures on the factor score .which .
: showed srgnif lcant main, effects of both group F(l 20) 31, 30 p< 001 and score;, -

F(2 40) 69 48 p< 001 but no interactron betWeen group ‘and score, F(2 40)<l

\ v

. ‘ v
Note that the mam effect for group reflects performance dtfferences and not

‘ drfferences in errors made whrch is ref'lected by the rnteracuon between group and-

'\‘ L ; . rr O . ! .
o ! ' " oot ) ‘ ‘} . l'« v ! . ! A oy

score B Ll Cae e po e ‘ |
. A . . I . , .o . [

llr ‘..
B \

’Third the mteractton between speed of processmg (r e "fasr" ,versus "slow")

w\

iy and cxposure duratron or more correctly strmulus onset asynchrony (SOA) between

. the target and the masking strmulus suggests that drfferem mechamsms consuam‘

N

performance on the backward maskmg task dependent on' the SOA That is, the‘f

srmrlamy between the fast and slow processors at the shortest exposure duranon

\

(25 ms) suggestsno dtfferenee m mitlal icomc memory eapacrty At longer ex‘posure'u‘"l
durattons, ,or more‘ correctly at longer sumulus onset asynehrony (SOA) rnterVal‘w
values between target and maskmg strmulus the observed group drfferenees can be.

T mterpreted as refleetrng the operanon of attentronal factors This mterpretatron is
based on Michaels and Turvey s (1979) three proeess model of maskmg Mlchaels

and Turvey (1979) conjecture that at relauvely short SOAs two of the three masltrng

ISR
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processe\s‘exerl_ thcir influence via.integration andiint‘e‘ract‘i‘on al peripheral ‘sen‘cory
le;'els The third maslring process -affects lhe lconic read-out mechanllqm"l which

/ ‘
. requlres allocanon of cemral selecuve auennon Thal is, lhe mask is 1houghl 10,
drvert attention frorh, or 'interrupt, the read ~out of information from iconic memory,"

parucularly at longer SOAs (see also Turvey 1973; Breltmeyer 1984) . ‘
At this point. Norman and  Bobrow' s - (1975)  distinction - belween
“data-}imitations" and resource—llmlta_llons" becomes relevanr,- That is, performance
" on lhe backward masking task at shorl SOAs (25 ms) can be consrdercd
"data-limited" because it is constrained by processes of mhrbmon and rmegrauon at
sensory levels which limit lhe quantity or quallty oﬂmformallon avallable for
processing at higher lcvels. Pcrl‘o‘rmance ‘at longer SOAs on the other hand. can be
considered " resource llmued because it 1s determined b) the rate. of read ~out or rate

of visual mf ormauon processmg
Michaels ‘and Turvey's (1979) 'mas;kin”g tlheory allows for specific prediclions
concerning perfonnance al rclatively‘ long SOAs, That is, accordmg 1o Mlchaels and ,

Turvey (1979) at suff. rcxemly long‘SOAs all-four letters in_iconic memory will have
‘been read- ou( ber ore the auemlon attracting. and disruptmg effect of the mask has set’

in, Although the data from the present expenmenl do not allow a clear cut .
mrerpretauon they do suggesl that at longer SOAs (le 300 ms) auemlonal
. masking” has lost some ol‘ its effect (see Figure 5). That 1s it is possrﬁfe that at

SOAs of 400 or 500 ms, the performance curves of the "fast and slow processors .
‘would .have merged thereby reflectmg a change l‘ rom performance betng
4 resource hm:ted" to bemg "data limited". If thxs is’ mdwd the case the ‘deficit ol'

"slow " vrsual mformauon prooessors can be lnterprered in terms of a slow auemlonal

transfer mechamsm and not in lerms of a lrmited 1comc memory or shor( tcrm

- L4
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memory capaclty

_This lntcrpretatlon ls tmportant especlally in hght of studres by Gopher ancl 1

Kahneman (1971) and Kahneman Bcn Ishai, and Lotan (1973) These rcsearchcrs
. devised a dichouc listenlng task which requtred subjects to monitor a relerant message ‘
‘on one ear and to lgnore an melevant message prescnted stmultaneously to the other |
"The key experlmental mampulauon was the presentatlon of a {one \vhxch recuedv
' the ear the subject had to monitor and‘report from Thetr basic fmdmg was that”'
errors followtng the tone had promising valldrty for prednctmg prof’ 1clency in ﬂymg: " :
.hrgh performance atrcraft and for prednctmg the number of acc:dents among lsraelx :
‘bus dnvers Kahneman Ben Isha1 and Lotan (1973) argued that the dichottc"
, ltstemng task could be mterprete(Las indexmg the speed and ef fecttveness wrth whxch |
“att,enzlon is redirected to a relevant channel after an orientation cue” (p, '113, italics.
added). SRR
Following these tmpressrve demonstrations, Keele and- Hawkins ( l982)
reported evtdence for a’trait ol‘ "attentional flexlbtlrty Here attenuonal ﬂextbtlxty -

was ref erred to as the raptd swrtchmg of ‘attention f roi’n one souroe to another Keele-‘ ‘

\ and Hawkms (1982) suggested that attenuonal flexxbrllty could potemxally be: of use.'

. in predtcung success for skllls that requxre rapid shrﬂs of attentlon because of raptdly =

Vchangmg task demands (p 3 italics added) In some sense the’ processmg ol‘ short .' '
’duratton multt let.tcr visual dtsplays can be mterpreted as tnvolv;ng the raptd swrtchmg -

‘: 'of attention from one letter to another letter Thus what has been tcrmed rate of :

: jv:sual mformatnon prooessmg or: read out from 1comc memory in thxs study. may,
well bc the same abtlity um Keele and Hawkins (1982) descnbed as "spoed of
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Keele and Hawkms ( 1982) conceptualxzauon of thgprocess o!' iconic read out' :
, as bemg medrated by the mcchamsm of selecmgp attenuon s supported by studles

whnch show that selectrve attenuon can move to designated locauons in space'
' A

N

mdependem of eye movements and 1mprove the processing of a snmulus occupyrng
that locauon (Bashrnskt & Bacharach 1980 Jonides l983 Posner 1980 Remmgxon‘

1980 Tsal 1983) Furthermore At has been shown that recognmon of short durauonr e

M L

alphabetic matenal mvolves consrstem lefl 0. . right processing (Brydcn 1960 ‘ ’
o

Mewhort Menkle & Bryden 1969 Chow & Murdock 1976) ln other words‘ S

transfer of lmguism malena from icomc memory to short term memory seems to o

L \
involve attemlonal scannlng in a lef tto righr order These results then are constsrent L

o wrth Mrchaels and Turvey 's (1979) clalm that tcomc read -out requlres allocatton of
.,central selective attentron thus supporting the contenuon that the construct rate of‘

o vrsual mf ormauon prooessmg is related to attentronal f actors

Havmg drscussed the processes underlymg performance 'on lhc backward.‘

maskmg task the cnttcal quesuon o\l' this study can now be addressed ls\speed of -
), g ' ' ‘
visual mformatron processmg an rmportam factor mﬂuencmg performance suc:cess ll,'l

. t

T ast acuOn sports‘7 To answer this quest\ton functions relatmg mean number reported‘
correctly (rdenuty plus locanon) to e)gpos\are durauon for the top ranked” group and .‘
"bottom ranked" group ln each type of s I, are shown in Frgurc 7 The data for.

(group) X 6 (exposure durauon) mrxed’

N

© each’ sport wére separately subjected to a

\ i

‘, analysrs of vananoe (ANOVA) wrth re. ,ted measures on the- factor exposure

e I
| Yo
. ,:‘,'

durauon
is analysrs ylelded stgmftcant main o

\

Wrth respect to the hockey players
effects for group F(I 4) 539 p< 01 and 'exposure duratron F(S 20) 753

p< 001 as well as a srgmfxcant mteracnon bet n group and exposure duratron

“.,. 'J
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F(S 20) 3 42 p< 025 Tests on srmple mam effects demonstrated that the i ‘.

\ A ‘ ) | .

top ranked" playets were supertor to the bottom ranked players at all but the -

1]

‘ shortest exposure duratlon (p< 025) A qurte srmilar pattem of results Was found

o
A

for the basketball players ' That is, srgmfrcant effects for group\ F(l 2) 23 02

< 05 exposure durauon F(S 10) 56 44, p< 001 and for the group x exposure

[ .
aurauon mteractton F (5 lO) 3. 77 p< 05 These fmdmgs support the notton that

the abtlrty "speed of vrsual mformauon processmg is. a correlate of success ln the B

' sports ‘of hockey and basketball o ', f"' l' .

Was srgmfrcant exposure durauon F(S 20) 23 94 p< 001 group F(l 4)-*2 61

l A M

p> 2 group x exposure durauon F(S 20) 125 p> 25 ln otller words the

top ranked players performed RO drfferently from the l’bottom ranked players orl

'
ur v ' t.||, ‘
[ AR i

g the backward maskmg task at any exposure durauon e Lo 'Q-‘\

ln short rate of vrsual mformatlon ptoceSsmg seems to dlfferenuate

[ . . l N

successfully between top ranked" and bottom ranked players m the sPorts of v |

‘ .

basketball and hockey. but not in: football Some speeulatlons c0ncemmg thts ;'

' ‘.\

anomalous fmdmg for the sport of football follow Unlxke hockey and basltetball

l"
,\

where the perceptual requtrements are srmtlar regardless of playmg postuon Canadtan

football makes dtfferent perceptual -demands conungent upon the posmon played

i

Consequently performers who play on the mterror of the of fensrve and defensrve lme L

are selected rnore on therr physml strength Wetght and swe than on thetr perceptual

skrlls On the other hand offenswe and defehslve backfrelders hatie htgh vrsual

(

peroeptual demands and are selected in part on therr abrlrty to gam vrsual mformauon

l

qutckly from a raprdly changrng envrronment and ma

that mformauon Un£ortunately the subjects from the football team came almost

Ve - st - (RN ,r..l

N

[

. However m the sport of football only the mam ef fect of exposure durauon

\

t"

accurate fast dectsnons upon .,
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equally from both types of populations Moreover smoe the backftelders scored

.

7‘ i
higher than the hnesmen but were ranked lower by thetr coaches tt ts dtff tcult to

ro
N

make unequtvoeal mterpretations of the expenmental data wrth respect to thrs samplc K '
of football players ln retrosp&t selectton on the basrs of players who perform the

same f unctron maybe more reasonable m sports that select performers on thetr ab(lttyv '

\ [ [

ito: play tn very dtverse but narrowly defmed offensrve and defensive posrtrons ‘_, 5

‘ ’.‘ ‘ l' P i " o
' Fmally, it ts tmportant to pomt tout that whtle the results of thts flrst

L ‘w, . ,

a cxpenment seem to suggest that Tate or vrsual mformanon processmg is an. rmporfant

\

determmant ,of performance level in homogeneous samples of varsrty hockey and

'
\ \

basketball players it ts oertatnly not the only determrnant rior neoessartly the most

' rmportant one Indwd it ts ltkely that tn rton homogeneous groups other fattors
Yoo o & f ’
such as amount of : expenence techmcal experuse fttness strength.‘ mouvatton

personaltty body size and body composmon probably account for more of the

vartance in, performance Jevel than rate of VtSual tnformatton processrng The results

” 2 [N

*of thts frrst study, however do suggest that, other tlungs bemg equal raté of vrsual

mformauon processmg 1s an tmportant factdr responsrble for differences ln athlettc

v » -
o . - X 'l
‘

performance in fast actton openosktll type sports B T I R

4 g

]



foooo s EXPERIMENTIWQ -
! LT ", " Introduction

L "ﬂ're results of the. prevnous expenmem seemed to suggesl that in lhe sports of
basketball and 1ce hockey, rop ranked" alhletes process vrsual mf ormauon at a

faster rale than "bottom ranked athletes The gjal of the present expenment was 10 .

b \',

"\1
‘ extend these fmdings “to va‘rsnty downhrll sknng and- professnonal rce hockey The

conjecture was that both these sports provrde the athlete wnh speeded snuauons

. "o

B such that fast perceptual analyses and raprd shrf ts: of artennon are requrred in order 10
l ¢ [

be successf ul It was hypothesrzed theref ore tha( top ranked" athleres in both the

proi~ essronal 1ee hockey group and the varsrty downhill sknng group would be f aster v

prooessors ‘as mdexed by performance on the backward maskmg task than the

"bonom ranked“ athetes EEREE B o
. ... . mEmon

I’\" \.‘ "l‘ ‘v ‘.“ ’ "' 1' !

7. Subjects ” v

i ' t ! ! : - .
' . ' ' L : .
iy . )

. :;5 Two groups of subjects parucrpated m Lhrs expenmem The f xrst group

consrsted of 21 professronal ice hockey players (mean age 25 9 years range 22, to 31)

v
K Ao

‘,j and the second 'group consrsted of 15 maJe members of the Umversuy of AlberLa '
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P v L ' - oo y '
ordered by the head coach Vo ‘.’j T A
i : ' & ol " ‘ AT \
All subjects had normal or corrected to normal vrsron. SRR T
- Apparatus ST o e e L
' "‘ o e ‘ v-‘ " ; 46&‘ “ . - I o ' ! “'1
A v “‘ o . . R (N . P o - ) -y !
S BT \““ v N [N i g ’ | !
= Tes( and maskmg snmulus were presented on the face of a PDP- 11/10 |

‘V‘lcomputer controlled hrgh resoluuon TV mommr (modcl VT ,55) The dxsplay screen

o was covered by dark green antol board m whrch eentrally a rectangular Wrndow

. '!had been made to allow the vrsrble presemauon of 7 sequenual sumulus posmons :
s ".'\! '.‘- ' ' N ) , ) } o . “\ - , """
-Thzs wmdow was 23 mm wxde and 5 mm hrgh S . “ TR ; T

v

i 'Drsplays were vrewed bmocularly m a norrnally lit room Vrewrng dlstance
E ﬁwas fixed at 58 cm by requuing the subjects to rest therr chms upon a supportmg. o

" ‘frame B e e

The letters for each array were randomly chosen f rom all consonants (except the lener ‘

) “to nnnumze the possrbrhty of SubjCCtS interpretmg the arrays as words A total
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Target sumuli were presented f or six drf ferent strmulns duratlons 50 75 100 “ : “

l K A

125 175 and 300 mrlhseconds Followmg target offsel the maskmg SUmulus was .
K ’ ' o [ i ! ] *‘ a [, L Y

. emplO’yed for* 200 mrlliseconds, A S
| : -Procedure._'

. . . - v e
H . . ' . o Voo B . .‘ ¢
‘ L ' [

Subjects were tesled mdmdually m a ,sesslon laspng about 15 mmutes Afler' |

’” ¥ B

entermg the room the subjects were mformed about the nature ol‘ the expenmental" o

v ' ¢

task Each subject then recexved 18 practrce tnals three at each stimt:’lus durauon to '
., A N \J‘ ) ) . v

[ , oy A

. orient" them to the task B P EE N LR

. .
W [ ~ N o
[ ! \ Joo

Followmg these pracuce tnals the SllbjeCIS recerved blocks {of 10° trials for‘.“l'

each sumulus duratxon Order upresentauon of snmulus durauon was from long "

A

m

(300 ms) to short (50 ms) o PR b \ o

For each mal subjects were msrructed to f lxate on the center of the screerl

, SubjeCtS then started a mal by pressmg a button wluch mmated a wammg tone of 50’ 3,;.

\ . o \

ms Af ter a delay of one second the target SUmulus appeared whtch after a certam B
: g ey i :

snmulus onset asynchrony (SOA), |was replaced by the maskmg sumulus Thq’. _ -

vy

maskmg surnulus stayed osfor 200 ms after whnch the screen went blank The] “

Lo t BN | =
sub]ects were mstructed to wnte down as m’any letters as possnble from the brrel‘ly-‘u
.‘ ! L '\ ‘

snmulus array on a specrally prepared rcsponselgnd It was emphasxzed

presented\
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expertment aceording to the cntenon of general exeellenee wrth players of equal
abiltty belng ngen tled or equal ranks Based on these assessments top ranked and

o "’ "bottomnranked groups were formed ln each sport That is, athletes m the top 30 ‘

[

pereenule ol‘ the rarilrmgs were classmed as top ranked" athletes and athletes in the

) ,5‘ bottom 30 pementtle of the ranktngs were categonzed as "bottom ranked" athletes
2] ' o ‘ i . v|. . } . y ‘ ‘ ‘ . ‘. m “ .

" . S

iy \ o ]
o [ j
’ "

" RESULTS AND DISCUSSION e

b .
i PN ) )
[ e

Based on the cnu:non of total number ol‘ letters reported m the correct

)

posrtton that, ls | ldentlty plus locatton correct the athletes m both subjects pools were v ;
dtffcrentlated into. two groups a"'fast proeessor group, consrsung of the athletes :

. ’ . “ | | . K

. with’ the hrgher total num r of lqtters reported correctly. and a slow prooessors

gmup, consistmg of the : 'letes with the lower total number ol‘ letters reported

f correttly . Jn the sport of ‘,,ol'essmnal 1ce hockey, mean age of the "l‘asr processors |
was 26 8 years (range 2' to 31) and of the slow prOeessors 25 2 years (range 22 to Lo

3l) ln the sport of varsity downhtll skimg the mean age of the "fast processors

for the sport of ‘vrofessronal tee hockey_.the

KN
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.,F values ‘were; group, F(l 18) 55 55 p< 001 exposure durauon F(S 90) 88 41 B
" p< 001 exposure durauon X group F(S 90) 2 95 p< 0s: and for the sport of |
' varsrty downhrll skung the F values were group F(l 12) 117 14 p< 001 exposure B
‘ duration F(S 60)-:75 12 p< 001 exposure duration X group F(S 60) 2 89 p< 05 |

The most mteresung l‘mdmg is. ‘the srgmfrcant mteracuon between exposure. )
,‘ durauon and group Tests on the srrrrple mam‘ effects of the factor group were_'
’]:‘stgmfmnt at ali exposure durauons (p< 05) This, was the case for both the"

.‘f'professional ice- hockey group and the varsrty downhrll ski group In other words o

\

,“'fast processors reported more letters'correctly than the slow prooessors at all ‘

[ ‘i ..‘.". ,'

‘ exposure durations

§

R On ftrst sight thrs finding does not seern compauble Wlth the results of

, Expenment 1, where n was found that at the shortesr exposure duration "fast” and o

p e

. \slow prooessors performed equally well However thrs porenual discrepancy is
’, .I“easuy reconctled by the fact that in. EXpenment l thb shortest exposure duratron was )» o
‘: ‘25 milltseconds whrle in Expertment 2 1t was 50 nulliseconds = | ’v o

‘, Anoeher mteresung frndrng lS that the rang/ of Peffomlﬂﬂ‘?e dlffel‘eﬂces

y'betwee'n "fast and slow processors m the professronal loe hockey group is tw/rce as

A

: ‘large as. that tn the varsity doWnlull ski group (mean overall dtfference 93 and 43

L letters respecuve}y) Almost exclustvely, thts dlf ferencc seerns to be due to the poor
performanee of the slow prooessors m the professronai ree hockey group 'I'hrs
{'”'el”fect ts demonstrated in Frgure 9, where mean number of letters reported correctly is \

R

shoWn oollapsed over exposure durauon for "fast" and slow prooessqrs m borh S
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Fxgure 9 Mean number ot‘ letters reponed correcuy (ldenuty plus locauon corrcct)
- ‘averaged over. exposure ‘duration. for "fast” ahd slow processors in the sports of
prof essxonal xce hpckey and varsuy downhxll skung By .
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| A plauslb‘le explanetlon focusses on “the role of "rceding experience" as a
conf ounding factor It is well esmbhshed that perf ormanoe on the backward maskmg ,
task is mﬂuenced by the "famllramy of the percelver wrth the sumulus malenal :
‘(Mewhorl Menlrle & Bryden 1969; Taylor & Chabol 1978 Mlchaels & Turvey,‘
1979 Campbell & Mewhort, 1980). It seemod pOSSlble therefore [hal the
prof esslonal hockey players dif. fered wrdely in this respect -
In an attempl to . quantify readmg experience the athletes in the
professlonal ice- hockey team were asked how many ycars of lugh school and how
many years of college or umverslty lhey had enjoyed Based on this infofmation, a .
readmg expenence score was calculated for each athlete, def med as the total sum of
numberr of years of hlgh school plus number of years of college or umversrty The -
\resulls of this analysis supponed the suggesuon rhat the slow processors in the
professxonal ice - hockey group were' extraordmanly slow ‘because of lack of reading
‘expenence or farmlianly wuh ~-wrmen matcnal That rs.‘lhe *fast" processors were
“also the more educalod alhletes wrlh a mean reading experience " score of 5 7 years
(range 4 to 10), whxle lhe "slow"” prooe‘Ssors were clearly the athletes who had enjoyed
:srgmhcantly less edu»catron wrm a mean readmg expenence score of 4 2 years:
‘(range 310’37’(1(18)%\4 .29, p< 01) o

As in E\plemném 1 error scores for hxpenmem 2 wete caiculated by scormg

] the data accordmg to three“cmena: ) S B .
1. letters reported per se
2] identity comreet
3. 7 identity plus location’correct
! An alternative interpretation related to lQ level or readmg abﬂlty could not

be evaluated; since’ management -of the professional hockey club drd not allow
tb,eu players to be subjected 0 an lQ xest or- readmg alnlrty ‘test.

P
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This resulted in lhree pcrfo'rmance scores on basis of which mean number of identity

~errors and mean number of locauon £ITOrS were calculared for each sub]ecr (see
Fxperlmenl 1). I '

Frgure 10 and Plgure 11 drsplay the three performance scores and resultmg

efror scores for "fast”.and slow processors in the sport of profcssional hockey and

varslty downhill skling respectively, A 2 (group) X 3 (score) mixed analysis of

variance (ANOVA) with repeated measurés on the facror score revealed srgmfrcam

main and lmeracuon efl‘e;ts for bOth sports, For the varsuy downhrll skung group
| .I‘rhe F-values were as. fol%ws group F(1. 12)—11 64, p< 01: score, F(2. 24)—136 36
p< .001; group X score F(2, 24) 694 p< 01 For thc professronal lce~hockey
group the ANOVA revealed rhe followmg F-values group F(1,18) =34, 55 p< 001
score, f‘(2 36) = 92 36 p< .001; group X score F(2 36)=1.56, p< 01
“The srgmf icant lnteracuons mdicated thar in. -both the varsrty dOthrll skiing
‘group and the professronal rce hockey group "slow” processors made more rdenut)
errors than “fast” processors However the drfference in total mean number of
' errors made (rdcnuty plus locauon errors) between fasr and slow processors was
‘-: twice as. large in the professronal hockey group than in the varsrty downhrll skrmg
. gToup ( .56 and 27 respecuvely) This fmdmg therefore is not mconsrstem wrth the
‘ prevrously made contention thal the slow processors in' lhc hockey group mrghr
_,have becn nexpencnced readers '- o o A ', .
Grven the preoedrug analysrs it rs not surpnsrng to f md that the backward

maskrng task did. not successfully drscrrmrnate top ranked" ahtletes from

"bottorn ranked" athletcs" in the professronal hockey group Frgure 12 prescnts mean o |

number of letters reported correctly (both rdentrty and locatron oorrect) l‘orj

- top ranked" and bottom ranked" athletes rn both sports as a funcuon of exposure '

Ve "
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'

ot ( N

group dfd nol perform better on the backward maskmg task than bottom ranked" '

‘ athletes Thrs fmdmg was statrstxcally conl"trmed by ANOVA whrch ylelded only a
\srgmfrcant effect for exposure duratlon (group F(l 10)<l ’exposure duralron

F(5 50) 7l 38 p< .001; group x exposure durauon. F(5,50)=1.11, P > 2)

‘ i,

AT In view: of the prevrous drscussron o[ the possrble confoundmg role ol‘

readrng experrence rn the professronal hockey group thts fmdmg rs hardly

surpnsrng Clearly. the backward maskrng task m rts present form namely the

fa

rdentlfrcatton of a string of consonants is not a valtd mstrument to drfferenttate.

i
\

top ranked" from' bottom ranked athletes in" subJect pools who are not
homogeneous in terms ol‘ readmg experrence ' It is suggested that fOr such subject

groups htgh speed percepudn tasks have to be developed whrch requrre the

!

rdenuf ication or cla851f rcatton of*strmulus materral of equal fanulrartty to all subjeets
. ‘ N N [

An alternatrve mterpretauon of the backward masking techmque s fatlure to‘v

| drfferenuate top ranked from "bottom ranked" 'professronal athletes holds that the_‘
o

T TR}

durauon] As is clear m Frgure 12; top ranked athletes in th‘e prol‘essronal hockey ,

process of natural selectron may have resulted m all professronal hockey players . E

Y] havmg Very srmrlar and fast rates of processrng Grven the potentlal confoundmg of

the present tnstrument of measurmg rate of vtsual rnformatron processmg. rt is

(KW \

rmpossrble to evaluate thts mterpretatrbn whrch theref ore remains a vxable possrbtltty o

. ' .
i v [

Evaluattng professronal athletes among themselves on a un

\ ¢

be supported tt shOuld be-‘found that the professional athletes show simtlar rates of o

level athletes

" in the same spoft nught test thrs possrbtltty ln order for the above mterpretatron to;

;contammated lugh speed B

.

pereepuon taSk and comparing them as a group 10 prof tctent but lower level athletes L

proeessmg wrthm their own gtoup; but superior rates of prooessmg eompared to lower 3 . : ’
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Wrth respect to the Varsity downhrll skrmg group, it is evrdent f rom thure 12 o |

\

. that top ranked" 'athletes are faster processors than "bottom ranked athletes An

L
o

ANOVA carried out on the data underlymg the performanoe curves of the downhtll

X skters, supported thrs observatron group. F(l 8) 3 22 p > 1 exposure durauon “

\F(S 40) 48 01 p< 001 group x exposure duratton F(S 40) 3 01 p< 025 Tests‘\ |

f‘on the srmple mam effects of the factor group (Wmer 1971 pp 518 532) mdlcated:ﬂ o

. that the top ranked"' athletes reported ‘more letters than the'"bottom ranked

‘I,rathletes at exposure durations of 7, 100, and 125 }ns (p< qzs) l S G S

Thrs fmdmg then combtned wrth the fact the "fast and slow" prooessors . ;‘v ,

5 performed equally well at the shortestJ(SO ms) and longer exposure durauons (175 ) T

,'and 300 ms) that is,’ the‘ "data :mlted regrons mdmtes that "fast and slow ‘f“

processors or top ranked" )and "bottom ranked" athletes drffer in . terms of C \

temporal resources or ‘rate ol’ processrng In other words the def icit of slow

proeessors probably reﬁects a processmg spwd lumtatton that is; a slow rate ofb‘ ‘

' attenttonal transfer or read out from 1comc memory to short term memory. rather' o
than a structural car;acrty hmttatton of etther lcomc memory or. short term memory S

. ln summary the results of tlus expenment demonstrated that rate of vtsual : “‘ :. o
lnformatton processmg as nrdexed hy the baclrward maskmg task could separate_:,"."f |

' successfully top rauked" from 'bottomsranked" athletes in varsrty downhtll skting

Thrs result corroborates the f lndtngs of Expenment 1 where rt was found that rate of g " N

vrsual informatlon prdqessmg was a correlate of performanee' “l'ccess m varsxty s

v

basketball and varstty 1ee hockey. However thrs relattonshrp'betw n_;rate of vrsual - "-f-i' RS

informatron proeesstng and athlenc performanee sueeess was absent miprofessronal

hockey players This latter result Was dtscussed ln terms of r.he possrble confoundmg : Y

role of readmg expertenee and in terms of the notton of natural selectton whrch
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S . EXPERIMENT THREE -~ . B TRE
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'3' In the prcvxous two expenments attempts were made to predrct performance

C w
success tn fast actton skrlls f rom mdmdual dtfferenoes m rate of vrsual mformatnon SN
N ! ““ B
o px‘oeess__)_zL ’I'he results showed that speed of vxsual tnformauon proeessmg as L
‘\ ' .’nl X B :

y |measured bt‘/ ﬂte backward m@skmg techmque was relauvely sucoessful ,in‘
dlfferenuatmg t‘-‘P ranked" ’ﬂanel‘SlIy athletes from " "bottom ranked umversrty‘ ‘ R

.1athletes These promlsmg results provrded the impetus for the presem study whtch

" o

|was mamly concerned wrth construct validatton of the rate of v1sual mformauon ¥ ,
prooessmg coheept ?mordmg 6 the Amencan Psychologml Assocrauon ' 7}. ‘ -

.,’
S

o "Construct vahdrty 1s ordmanly studted when the Coy

tester 'has no defrmte ;cntenon measure of tf'ne quahty O

P ey with which he 1s concerned and must use mdrrect

g { S ‘ L measures Here the tralt or quality underlymg the test Ce Mo
! o ! L \ . " I
SR is of central 1mportance rather than erther the test T I

'

|
BARE beha\non orthescores on the cntena (APA 1954, L e
i ‘.‘."i p 14 citedmNeale&Lrebert 1980 p 40) ‘ "‘. o

.1"""




| ‘was considered to be whatever‘the backward maskmg task measures ’ln ordex‘ to‘ S
K C \,..*jv,\ . “

| dellmrt more accurately the construct rate of vnsual lnformauon processmg
;“attempt was made to establrslr\ lts construct valldlty Assessmg conStruct .\’lalrdrty

\\w —

‘depends on testmg for a convergence across dtfl‘erent measures or mampulatlons of

the same thmg (Cook & Campbell 1979 p 61) In other WOI‘dS if. there ls mdeed a o

¢ aE

8 ‘pconstruct rate ol‘ vrsual mfomfauon processmg defmed as a general task L

'lmdependent basrc abllrty then dszerent ‘ "asures of thxs hypothetxcal oonstruct“

should correlate lnghly .That is, a dtfferen m a general abtllty (e g rate ol‘ vlsual‘ ,'

\

L ‘mformatron processmg) would lxkely be man fested m a g eat vanety of tasks and not“' .

" be testncted to ,ne specrf ic srtuauon

l

Besrdes mcreasmg the generahty of the speed of processlng construct

. suwessful construct vahdatron has Lhe “' dmo I advdfntage that other tasks bestdes

"‘the backward maskmg task wnll be 4; we of speed of vxsual mformauon o

processmg -'I'hat is, a second goal of c S ruct vahdauon is to obtam multrple and'

M

‘.‘overlappmg measures or. mampulauo s f the same construct The attempt to “

| l,;

’represent the oonstruct rate of vxsu

\Yd‘ormauan processmg m multnple dellvery

'mOdes rs of slgmfrcant 1mportance ce the’ predtctrve power of \the backward

it h .

. *maskmg task 1s restricted to subject populauons wlnch are equated m terms of U

"'.‘l-,. Ieadlng expenence ‘ . 'l "'IY"«”‘»“I.‘, o "‘ “”‘ ,“"'v’ " .v‘ "]"‘ -\ 4 A‘:\‘:y"“’: v )

The approach taken in this study to mvest1gate the construct 'valldrty of rate s ;

y.,‘,.
NI

“‘-."of {usual mfonnatron,,processing 1s" fro -3t Imformauon:‘procecsmg: perspectnve SERNE




' ‘ T
. Yot

—

‘ l (to rsolate consmuent prooesses) 1s /prompted by the consrderauon that task

'
! . . 1

N performanoe is generally' the combrned result of a varrety of proowses and therefore

l e \

‘,‘performance on one task mrght not correlate hrghly wrth perforrnanoe on’ another ?

by r

‘task ln order to allevrate thrs problem the mformatlon prooessmg approach attempls o

X to derwe scores whrch reflect only Lhe basrc process m quesuon The technrque of“ '
| ’process rsolauon has been described by Keele and Hawkms (1982) as follows L
| " ;“':J"‘Typrcall); rhe rsolauon of a ‘process sOore rnvolves a ) (\‘ o
| ‘. ‘r | : ’.vjvarra‘m of subtractmg two condmons that drffer only | R
D m ‘a process or durauon of a. proccss SOmeumes thatr L
| ‘ o "subuacuon is drsguised as a parameter obtamed from R r"ff?:‘:l‘ ‘
AN " ,: curve fm.mg (g g slope of a funcuon) : o | 4
é | t}“{f!rtheless lhe loglc is basrcally subtractrve (Keele o o
| & Hawlnns 1982 p 5) f o . ‘ ) : ‘ e
' ln combinauoh with' process rsolanon the éeneral straregy of admmrstermg a vanery !
of alternauve tasks to the same mdrvrduals rs emMWorrelauons among ‘ o :
» derrved proeess scorescanbeexammed o " AN
; ""..“f‘ bollomg drrectly from the above Ianother characterrsue of the rnfonnanon/f




o
B '

, jou@med earher m the prescm senes of expenments attermon has been focussed on »

'

"

" the, concept of spwd of vxsual mformauon processmg, or speed of attenuon as a
_potemlally 1mportant medlator .m skxlled behavror " _ ..‘ <“ ! f‘

In tms (thlrd) expenmem an attempl was. made to establlsh the construct

~ A

vahdxty of the rate of vxsual mformauon ﬁrocessmg concepl by mvestigatmg

o C e o

K ‘performance of the same mdmduals on fxve ferem Lasks whxch supposedly rely

heavxly on: the abrhty to pmcess vnsual mformauon qmckly and accurately Besndes
[N ‘ . |. .
the backward maskmg task whrch was used m the prevxous two studxes to def me raleu
J |, IV [ \
QLJ;sual mformatron processmg two rap:d aumng tasks (x €. smgle axmmg and

.rectprocal tappmg) were employed a chonce reacuon ume task and a snmple reacuon
. ume task ln the followmg these tasks wdl be descnbed more specrfncally thelr Y
' mcluswn jusnf xed and the subtracnve logtc that was apphed m ordcr r,o 1solate the '

l‘ spwd of processmg factor outlmed j C e FUR S “' ‘

In summary, the goal of the, Lhnrd experrmem dlf fered from that of o H
; \ . . ’ ' 5 .
Expenments 1 and 2 (to establish the craenon valtdlty of Lhe concept rate of vxsual 2
o mformauon prooessmg. mdexed by the backward maskmg lask m predncung athlcuc

L

success) for n was armed at determmmg the construct valldity oﬁ the Tate of vxsual

" mformatnon prooessmg conoept




inf ormatlon m motor control may both justrf y and quahf‘y thts assumptton t
A maln 1ssue ln the motor behavtor area at least since the begmnmg of thrs

, oentury has been the role of vrsual mformauon m the control ol‘ atmed movements

v .
coe o 1

, t
: This issue: 1s theorettcally tmportantr; srnoe nt is dxrectly related to the relatxve ‘

‘ contrlli’utton of penpheral and eentral mechanisms m the control of movements The ‘

/ . i

basrc centrallst pmposmon lS that movements can be adequately executed 1rb the

. absence of feedback since motor programs contamrng the appropnate commanﬁs -
LR \ E \
i have been spectf ied in advance Once a motor program for a parucular movement has -

t

| been set up; executton of that movement wrll be controlled in open loop fashlon that o
1s lt wrll "nm off wrthout relrance on perrpheral fwdback Penpheral models on

the other hand emphasize the role of f eedback mformatron (vlsual and kmesthetxc) in

‘ T
. the control of ongoing movements In other words penpheral models argue that

"y |

. movement executron procwds in closed loop fashron L ,' S

Ol' coume both posrttons are not mutually exclusrve More than 80 years ago

‘. Woodworth (1899) reahzed thrs l"or he contended that atmed movements have two 1'

" Segments an rmtral lmpulse phazSe whlch 1s preprogrammed and balhstxc in nature

'

and a current control phase Whlch rehes on vrsual feedback Recent expenmentauon

and theorizing have supported thrs mtegrated vxew of rnovement control Welford

Norrts :

and Schlock (1969) and more reoently Glencross and Barrett (1983) for

i
!




o vrsual feedback processmg ume is in’ Lhe order of 190 260 mrlhsecouds

‘1975) ‘,: :“ ST .

Thrs pamcular line of reasonmg has been used by Keele and' Posner (1968) o '

1. . s (IS

: experrmemally determme vrsual feedback processmg time, that is, the time requrred o

“rdenufy decnde and imliate wrthm movement correctrons (Zelazmk Hawkins &

\

" .Krsselburgh 1983) Keele and Posner (1968) mampulated visual fwdback by turnmg

of f the fghls at the stan of the movemem on, half of 'the lnals They f ound lhal 190

[

*
mrlhsecond smgle arming movemems were made with me same spaual accuracy m the

v

"“vrsnon tnals as in the no- v;sron tnals However spaual accuracy for 260 lO 450' x

i

.» mmrsecond movements was superror m the vmon condmon lhan in 1he no- vrsron .

| condilion On the . basrs of these fmdings Keele and Posner (1968) suggested tha( "

Sl
'

vy
l '

onerestimated the durauon of vrsual feedback processmg nme Car)ton 1981) for

I~

4

I

' tmampulauon studnes mrght be faulty Tha( is in comparmg movemem accuracy

s under bhnd and vrsmn condmons 11 is assumed lhat mcreaséd accuracy in the visron !

I
[

.‘ condmon 1s due 10 reSponse ad]ustments based on vrsual feedback mfotmauon'v

regardmg the dlscrepancy between the posmon of the hand and lhe targer Carlton } ‘

1

' (1981) however,\suggested and was able to show that SubJCCtS actually do not watch :f

'

thelr hand but mstead focus attenuon on lhe target The 1mphcauon 1s thal accurate -

™~

vrsual error mf ormauon 1s noe avaﬂable unul &he hand approaches Lhe target loeauon

To tesr thls suggesnon Carlton (1981) precluded eertam pomons of the movemen( wa- o

a rhetal shreld The results demonstrated that mcreases mgmovemem Ume and error:‘,;v. o

rate occun'ed only vxhen. 5% br more of Lhe movement amphtude was unsaghted

L

Sevcral authors have pormed out that Keele and Posner (1968) mlght have," S

"rmslance drew anenuon to Lhe fact that 1he basnc assumpuon behmd vrsion‘

AN



D 4 . 3
are ovcrcstrmated by lhe amount of time h jakes the hand to reach a posmon where
vrsual monitorrng comcs mto play Usrng high - speed cmematography technlques
: Carllon (1981) esumaled visual f eedback processing trme to be 135 mrlliseconds

Zelaznrk Hawkmswand Krsselburgh (1983) also cmized Keele and Pomer's
(1968) vlsron mampulauon They argued that the random presemauon of visron and
no-vision trials may havc led lhe subjects © adopt the strategy, of prcparmg 10 conLrol\ a
the movemcnl in lhe absence of feedback That is, the subjects may have opted for a
,stralegy of preprogramming all fast movements and executmg them without
consrderauonwof feedback When Zelamik Hawkrns and Krsselburgh (1983) used\

.experimental procedures in which they either bloc randomrzed the vision and \\ ‘

no-vision trials, they f‘ound thal subjects could bene t' from visual mformatron at’

moyemenl umes as low as 100 millrsecouds They also pointed out that the accuracy
~?

score employed by Keele and Posner (1968) (hn ‘or mrss) might not have been

1.
i !

" sensitive enough fo detect drf f erences berween condmons
Another scnOus crrticrsm of Keele and Posner s (1968) sludy coneerns thcrr ,

techmque of . tummg oul the lrghts as an experrmemal mampulatron of vrsual
A
feedback. Thrs procedure does 'not take into accoum' rhar visual mfonnauon

commues to bc avauable for some urne after the physrcal offset of the stimulus in a

buffer store called rcomc memory (e g., Coltheart 1980) Thererore the lechmque

t

of lurnmg out the lrghts mrght not be a vahd mampulatron to show the role of visron

rn the control of raprd arrmng movements A snmlar observauon has been made by.
Ellrott and Allard (1985) ,, ,’ AR I e
In shon most rcsea,rphers agrec upon the erustence of WO phases in r.he ]
...._.rga T

control of ‘aimed movements. an imual drsmnee oovermg phase whrch rs under

programmed eontrrﬂ and a hOmmg phase whrch is under visual oonrrol Reoent

.___————-—)-"‘
. . N ; ‘ T A

\ S ¢ = . . e e . R . X . . ,
. . , . . . e
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esumares of rhe ume requlred to process vrsual fi eedback jnformauorl and to use this
. mformatlon to home m on the target are.in the order of 100 mllliseconds

Two ma)or mathemaucal laws have been proposed lo define the relauonshlp
b‘erween Speed amplitude andvaccuracy of axmed movemcnrs Usmg both the‘
redprocal mp;nng and the smgle almmg paradrgm Fitts . (Fituts, 1954~ Fitts and.
Pererson 1964) argued thar movemem ‘time (MT) is a logamhmlc funcrlon of
. amplitude (A) and the target width (.W):‘MT'=C1+C2(l,og(2A/W)), In " other
words,' MT lis linear‘l‘y'relared to log(ZA/W) which ‘is known aS‘ the ,in‘dex of
‘movemerrr:difficull‘y ’("ID)' This lmear relauonshlp between MT and lD ls called
Frns Law and is a'very robust phenomenon |
An 1mporram characrepsnc of the expenmenral condmons under whlch Fms ‘
" Law. holds is lhat subjecls afe constramed in lerms of movemem accuracy Thal is.
‘ the targets are of . a specific width and the subjects are mglructed to makeé no 'more | : |
'v than. 5% errors in their rr'loverrren'tal leen lhrs consrrarm in lerms of movememe
l errors it seems lrkely that Fitts' Law ls especrally applrcable to movemems which are
predommamly under visual comrol

In fact Fius (1954) acknbwledged explicitly the lmportance of perceplual
processes in the control of mmed movemenls Accordmg to Fitts, rhe function
.relaung movement ume to mdex of . drffrcully represems the ralé o/ mformanon
. | processing of the humarr motor system However. Fms def med the motor syslem as
mcluding the vlsual and propnooeptlvc fwdback loops that permrt S 10 momtor his
; own actrvrty (pr 381) In other words. Frtts clearly acoepted the funcuonal,
"sigmfrcanoe of visual fwdback m motor control To emphasiu thrs point, Fms‘
‘(1954) stated ?'. ree that theg?rxed mformatlon handhng mpaerty of the motor systcm

’ lprobably reﬂects a fixed enpacrty of oentral mechamsms for momtonng thc results of -

- . Y - '



the ongomg motor actlvity T (pl39l).

Fltts Law,‘ however has not ' gone unchallenged Schmidt, Zelaznik S

Hawkms Frank, and Qumn (1979) dtscovered a linear speed accuracy trade off .

relationship rather than a loganthmrc relatxouship Schmidt et al. (1979). employed a

smgle aimmg task but unhke Fltts did not constrain . the subjects in terms of .

movemem accuracy, but in terms of movement time, That lS subuects were reqmred

N

to make movements of a specific duration and toward a single target‘point father than

|
v

were constderably less Lhan the ones typically observed in Fms expenments where no

’ upper limit on the duration of the movements was 1mposed Under these condmons .

Schmidt et al.( (1979).found the followmgllmear relation: W(e)=Cl+C2(A/MT).
W(e) is the effective target width, operationalized as the standard deviation of the

movements actually produced, Co ' ' _ r ’ -

v

" ‘Three major hypotheses have been proposed to characterize the conditions

- which re'sult in a linear rather than a logarithmic trade-off for aimed movements

vr(anht & Meyer '1983).  The 'movemem—brevity E hypothesis and the

feedback depnvatron hypothesis are closely related and were first discussed by

‘ ,Schmidt et al (1979) The essenee of bath hypmhm is that bnef movement times

, make ll rmpossrble to process and use visual fwdback rnformauon to control the .

.\

ovement In other words lt is suggested that the lmear trade off lS 2 result of

h 'programmed control durmg the initial impulse phase Schmidt et al (1979) proposed

,' an impulse vanabthty model .for balhstlc programmed movements argumg that there
j Qis a linear relationslup between movement velocity and end- pomt vanabihty
o] However reeent estrmates of vrsual feedhack proeessmg ume are in the order of 100‘

mrlliseconds thus rendermg the abOVe/ ypotheses rather mplausrble A o .

’

a targel rcgion The‘movement times ranged from 140 to' 200 milliseconds and thus .



Meyer Smith, and anht (1982) prOposed the temporal- prectsnon hypothesls
Thts hypothests tmphes that a, linear trade off results from _the’ requuement o
‘ produce precise movement limes, ln other words, the temporal precrsron h‘ypothems ‘
predtcates that the ltnear trade-off occurs when subjects are requlred to produce

prectsely specified’ movement ttmes On the other hand a logartthmtc trade- ofl‘

‘ oecurs when spatlal prectsron rather than temporal prectSton is stressed (anht &

A

(R

Meyer, 1983)

anht and Meyer (1983) conducted an expenment o evaluate the above

hypotheses They found a lmear trade ofl‘ for prectsely tlmed movements even when
. [ .

 their durauons exceeded an amount of ttme (200 mtlhseconds) certamly suffi lCIcn( to

. process Vtsual feedback. This result suggests that the lme.‘rtty does not depend on

“'movement brevity- and/or feedbaek deprt\/ation per se., ‘.ustead ll supports a temporal' :

ptecision hypothesis whtch suggests that lmear trade of f occurs when atmed‘ o

[

movements must have prectsely specxfted durattons (erght & Meyer 1983)

ol o

. Therefore Schmrdt ) et al (1979) hnear trade of f between speed and accuracy seems ,

.to bé apphcable to rnovements constrained in, terms of destgnated moVement times,

\ ' .

whtle Fttts Law seems to hold for movements constrauted in terms of‘ movement ..
. ] 3 . i . ‘J»

|

o accuracy o

LA

Several models have been developed m attempts to explatn Fttts Law A
'\fcommop charactensuc of these models is that they have emphastzed both the .w

C dtstmcuon between dtstance covermg proeesses and homtng proeesses and the cructal
role of vtsual fwdback in° the latter proeesses S '." ,/ i':j', . "»' AR |

Aecordmg to the iterattve correcuon model (Crpssman & Goodeve 1963
Keele 1968) followmg an tmual preprogrammed movement whtch puts the hand

controlled stylus close to the target several dtscrete correcttve rnovements are made. .

/ . »

.
; ] -au....'

« -, w PR Lo el
e b AR A V .
v . L .
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’These correctlve movements are assumed to be made on basrs of vrsual error

. l
mformation ’I’he dlscrete tterauve comectnon feedback model predlcts that ‘a |
! ) “\ 1 /.
) disptoportionate amount of time is spent near the target . smte presumably several

0

vtsual error correcttons are npeded each requtring a specrf ic.amount of time.

\

Lo Beggs and Howarth (1972) and Howarth Beggs ‘and Bowden (1971)
‘suggested a smgle correctlon model in whrch the mmal dtstance covenng movement

would be followed by a srngle corrective movement 4‘ oo .,

Lo

' s B

| }\,»; o "l The general appheabtltty of these two correctron models as theoretlcal

accounts of Fxtts Law is open to quesuon smoe both found only mixed support For

. 'mstan . some of the dtfftculnes m dectdtng the presence of vrsually guided error )
* Il

. * . corrections. in armed movements on the basrs of a marked red/uctron of velocrty durmg

Y ‘a movement havc been 1denttl‘red by Langolf Chafﬂn and Foulke (1976) 1) mmal

’damptng ol the arm may smooth and perhaps mask any changes in velocrty, and (2)

‘the correcttdn process may by conﬁnuous rather than dtscrete (Wallaee & Newell

' ' ‘ Y f
L \

o ' ’ o ' ' . ; o N

‘ 1n summary, there appear to be at least two control promses in- armed

( l\ ll

N ovements (a) a rapxd dlstance covmng a0t so accurate 1mpul$c phase axld (b) a:
N , r oL .

‘ more aecurate hommg phase whnch lS under msual control Acceptmg the 1dea that ‘ f
: -‘"Fltts Law 1s apphmble to vxsual l‘eedback controlled mevements ttmn be expected o

it “tl’lat Fttts Law lS mediated by the rate at wmch vxsu‘al feedback rnformation rs -

i
\

:' - proeessed stnee the durauon of correctwe proeesses earned out ln the hommg phase N
b R B

?_';'- ,;'j. ‘;v.:';wm be mﬂuenmd by\ rate of vlsual information proeessmg Put ditferently, rf the

' ‘”"}-' : result{ of the mit:al unpulse phase th&t 1s. the dxstanee covenng movement needs to> .-

v.,¥.4‘ . X

be,corrected and if these eorrections are hased on v:sual error information then the

.\\

S LA ~ e

oo - v 'T_' o \" " DA IR o e .)' T RN - b
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processmg) wnll be, rcﬂected in the duratton of such correcuons That is the duration o

. \
! i ' ) . ‘

) of the homing phase may depend on rate of vtsual mformatton processtng
4 i .n: . i

Consequently movement ttme in, Frtts‘ Law would not only be a functnon of o '

{

amphtude and target width but also of rate of v1sual mf ormatron processmg R

Ihere is some evtdenee f rom the developmemal hterature whtch would suggest - \ ‘

I \
'

o that rate of vrsual mformatton processmg is an rmportant variable in Fttts Law Hay

(1979) for tnstance reported that the vrsually gutded component of atmlng

¥

movements ina pomtmg task decreases from 7- 11 years of‘ age Thrs mxght pomt to a

’ rate of vrsual mformatxon processmg related rmprovement since lt has been

demonstrated that rate of vrsual tnformation tprocessmg mcreaSes thhtn that age .

) range (Di Lollo Amett &Kruk 1982) \']7’ S :" _‘ L

. In” a rectprocal tappmg taisk Schellekens Kalverboer and Scholten (1984)
v v‘l i )
‘ studted durauon velocrry aceeleratxon and accuracy of movements in’ chtldren of 5

N
v

6 7 8. and 9 years of age. They found that age drfferences appeared mamly m the

‘ homtng time, not in the” durauon”of the dtstance covermg movement phase }.thh
tncreasrng age honung trme decreased Schellekens et al (1984) contended that age

drf ferences in hommg trme may be related to both rate of mformatton processmg ot'

v‘the subject and the accuracy of the drstance cOvermg tmpulse phase. y lx o
N S e DU

Followrng Fttts (1954) m the present study the recnprocal of the slape of the;‘y" s :

: ,. functron relating movernent trme to mdex of difftculty 1s taken as an- estimate of speed v
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W ln a choroe reacuon time task. (Donders B type) lhere are several snmull and

v
r 7

‘ each sumulus has ns/ own umque response In such a srtuauon the subject has ro
. ) e

- |demify the srimulus and chose the correct responsea It has been estabhshed that

of the logamhm of me number of “

reacuon ume mcreases lmearly as a f nic Q

sumulus reslponse alt.emames (Hrck 19 ‘man 1953) As"wrth the raprd aimmg

| ‘331‘5 the prrocal of the slope or the funcuon relaung reactlon ume to number of ,‘,:‘ s

' sumulus response altemauves or amOunt rof mformation can be taken as a measure

‘, ( B R 4 . . ,m . v, '
P LT
of dynamrc capacrty or rate of proeessmg RE }' L

The parucular chorce reacnon ume rask employed m the followmg experimem ' |

a N i
-
|
.

is. an adaptanon of the expenmental pafadrgm frrst developed by Rosenbaum (1980)
and later extensrvely used by Mrller (1982 1985) and Reeve fmd Proctor (1984 1985)

The rmperauve sumulus m thrs paradrgm 1s a pIUS srgn ( +) in oné of four possrble )
f X wo \ I o .;‘ ‘

locations The four possmle target sumulr are assrgned' to four horizontally and Vo
. ] i . et v .

hnearly arrayed response keys That 1s tlre four permxssable responses involve ‘: -




‘l.
'.\
\ .

. strmuh and the number of possnble responses ln effect the cue transforms the‘ . "

| ',: has been clauned that the effect of the cue 1s relat:
rdenufrcatron (Adam Humphreys & erberg, 1986) ' SN ‘f“. L

o has been consrstenuy demonstrated Lhat proeessrng of the cue take§ ume 'fhat rs the'[‘ ‘

theret‘ore prepare- a combmatron of two reSponses Staled differently the prepar " et

i

mals can be consrdered as consutuung a 2 chorce reaction time taslr ai ‘J E

\\\; . .
i 4 )

On Olher tnals /ihe precue is ney /;af that L m consrsts ot plus SIgns m all

four posmble snmulus locauons and hence does not provrde any useful mformatmn PR
N . o ! K R o 0 , )

Thcse trrals whrch are wlled unprepared tnalsf effecuvely constilute a4- altemauve

t . ! ARTSE ' .

‘ choice reacuon ume task BN R TRTRS T L j " ‘,i .

‘\".u, . [ ’
! ! ' ! l‘ “*,»‘ll’

' | ln other words the cue has ﬁre effect of reducmg the number of possrble ‘

expenmental task from a 4 allemauve chorce reacuon ume task— (2 bns of L

“ mformauon) to a 2 alternauve choice reaction ume task (1 brt of mformauon) n. -

R N v

general cuemg studres haye demonstrated that responses to the targef snmulus are i

faster wben 8, cue provrdes parual rnf ormauon about he upcomrng target sumulus ll e
e . S

1o response preparauon

(Mrller 1982) response selecuon (R'eeve\\& Pr e 1985) “and ‘sun_xulus 5 :

“_Déspne the controversy as 10 the locus of the facrhtanve rmpact o}' the cue u; ST

&‘Z'QH"'.‘ a

!
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We hypothesized that "fast vxsual rnformauon processors are able to decode ;

the cue faster than slow vrsual mformauon processors and therefore wrll benefit

. v
o Co ' l,

g T from the informanonal cue at shorter SOAs than slow ‘*vrsual mformanon ,

. i i K i

prooessors The choioe of the drfferenual reactron trme xbetween prepared" 'and

unprepared trials as the dependent Yanable follows the subtracuve logrc mtended

. i \.“
¥ \"

.' g to tsolate basic underlyrng processes as advocated by Keele and Hawkms (1982)
-(' : f " ! ‘ N l

Presumably, a, differenual reactlon nme at short SOAs is reflecuve of the speed wrth

i "‘||l
)

g \wlnch the cue has been lprocessed and therefore.u is an mdnrect measure’ of

o - LR I E
R .mformation processmg or speed of attention B A e RO N
Loy ‘l". Co B l.u‘n Lk ) ‘l ' L e
U TN Srmgle Reacuor(’l‘rmeTask o RS
3 . [ P L ,\ [ L ,‘ st e e Lo S - ’ l
R The delay between the occurrence of a stxmulus and the imtrauon of a
ol ;, : response is ealled reacuon ume Reactton ume rncludes the mterval durmg whrch
L 1 N , l.‘_. \ h\ v LA . ."‘ "p, | N

neural 1mpulses are conducted to and from the bram but depends pnmanly upon ‘

. ...A-

| fosner 1967) Consequently. 1t has often been :




. . ' . . ' . "
. 0 . . . N ‘ o * v
\ ) . .o R o v Lo ' L . L f P et .
v ' - , [ . .
N P Lo0" .. c [ N N b .

o
oy - \

(1982) subtracnve logrc " lt was added because n was easy to measure bul more

. Ty
, L
|

‘dmportanuy, because it has been of wrdespread mterest m past research lr was

T

"

‘.expected that "fast vrsual mformauon processors would show faster sxmple reacnon v

trmes than slow vrsual mformanon processors

[

Stxty mne studems 30 male land 39 female at: the Umversrry of Alberta

served in a smgle experrmemal sesswn lastmg approxrmately one hour/r nd thmy

W

mmutes (mean age 21 3 years range 18 to 31) All subjects wcre unpard volumeers

clarmed they Were nghl handed and had normal or corretted to normal visxon

v
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‘
"
'

;‘ simple reacnon ume task second the backward rnaskmg task third the chorce ‘.

h
»l‘

reacuon nme task fourth the smgle axmmg task and frfm the reciprocal tappmg

task The order of the expenmental condiuogs wrthm each task was also the sanw f or o

. '

each subject At the begmmng of each of tho above msks the subJects were mformed

about the specrf ic task requlrements and grven pracuoe mals -

i
o

‘. | ,‘ 1n the nrst three tasks the sub;ect Was seated in from of the drsplay screen "

(VT 55) Vlewmg»dxstanoe was kept constant at 50 cm by emplOymg a chm rest.‘

,,v-—

»l" “ l "" . t,
x Ydlgmzmg tablet was mounted BT

,"\1, ) V . o

i, s Lo

All subjects rooewed the experimental tasks m the ‘same’ order

[

In the two rapld aumng tasks the sub)ect stood facmg a tab}e on whxch the

Flrsl lhe

Loy




’’’’’’’’

" . ' . ' - . R

betweenSOOand“lOOOms ;o Pt

;2;1 variable’ fofcperiod \as
"""3.‘“ tar;ét"( ulus (""“ sigt* whtc remamed vrsxble untrl subjects responded

[

A ertnal mterval of" 1 250 ; separated the response tn one mal from the start of ,. g

- [ !
/ the next trtal The vrsual sttmnh were presented in the center of the é}splay screen
. . \'\,l W
\} The dtsplay screen was covered by dark green antol board m whrch centrally a' o
! : '

' rectangular wmdow g4x6mm) had been made 10, allow the vrsible prescntauon of the A

l sumulr Responses were 0. be made by pressmg a response key held in the pref‘erred E
"handwnhthethumb B et e

.o v .
v Ve '
i .o B [ B Ve

Erght vanable forepenod durauons were employed 500 1000 15000 2000

2500 3000 3500 and 4000 ms Each subject recetved 16 trxals at each l‘orépenod
LV ' ! ) |
makmg a total of 128 tnals. The same randorn order of forepenods was used for each

l [}

subject erteen pracnce tnals preceded the- test tnals two at each forepertod v .“ SR

Subjects were mstructed to react asrquickly ‘as. possrble to the target strmulus B 2

: ' R

by pressmg the response key It was emphasized nOt t0a make errors of anuupauont '

Feedback was not provided '{ D TR BT R RN VI

O . - * . o . . :
' o

Cholce Reaetlon T ime T ask The cholce reactton task mvolved four possrble

keypress ,responsee made by thé mdex and mrddle fmgers of each hand The target ;‘

l l

strmulus was a plus stgn (+) m ‘one of l‘our possrble locauons m a hortzontal array

The sumulr “ were mapped m a spattally compatrble manner to four sequenually "



tn the two right most sumulus posiuons This mdxcated that the response had to, be

,made by one of the two ftngers on the left hand or on rrght hand respecnvely ln o
other words in the prepared tnals sub)ects couid selectrvely prepare f tngerl

responses ‘on erther the left or nght hand Jn the unprepared mals the “cue” L

“ consrsted of plus stgns in. all four sttmulus locatrons Followmg thts krnd of cue the —‘: |

' .“tmperauve sumulus eould appear in- any of four posstble locauons thereby rendenng ,
L selective preparauon strategres tnapproprrate S ,' o '. o

Sumulr were presented on the drsplay screen (model VT 55) of the PDP LI/ 10

| ‘centrally a rectangular wmdow had been made to allow the vtsrble presentauon ‘of 7v
;""sequenttal sumuhtS posmons Thts wmdow was 23 mm wrde and’ 5 mrn rugh N
Responses were made by ﬂssmg one\‘of four cucular response buttons whrch were\
,hnearly arrayed m the center of a home rnade response box (20x14x9‘cm) restmg on

++ the table in from of the subjects Each button was 8 mm m dtameter wrth a 1'2’ mm .
. el / '

:?fvseparatlon between each button. . MY ' {

‘ | On each tnal wamtng. _cue «and target stunlus were: prgs‘ented sequenually in

! vthe wmdow on the vrewrng screen The warmng sttmulus was a.Tow of four pIus srgns ,
.‘3 generated from 'the standard character set of the computer Each stgn was;'j

'j approxtmately 3 mm square wrth one dark blank space of 3 mm separatmg each srgn " f

computer The dxsplay screen was covered by dark green Brtstbl board m whrch . ., .

‘ms An intertrial interval-ofd 5 s separated the response .’tnalyfrom the start of‘-;. ! :




o ".80., 160 and 320 mm) m combmauon wrth two target wrdths (drameters of l33 and 24"{

;,other contarnmg the large crrcular target were used as stunulus matenal On each]_.“ . B

: response accuracy was self evrdent o j Ty L‘ RPN

the nexl mal

"y

90 s was provrdﬁq ween  blocks. Wltmn a block ol" 60 mals rhere were 20 trials l‘orr._

‘\ Cy e

prepared hand righl ). The same random orddr Of lhese cumg condirlons wlqun a'.“,’u ;

. . ' . '
T [ . 5 . 1 AR
. W

- at rhe start of the experrmenr e e ,“\ S

Ly o o
Gy

Sub]ects were explrcrrly rold to take advamage of the cue strmlus They Wcre

n\l_“

“ lnstructed to react as qurckly as posstble to the rargel sumulus bv pressmg lhe correcl

i i !

rmponse key It was emphasrz,ed nor 10 make more than 3 errors in a olock of 60 ,

!r
i

, 0 ‘r} . . LT “w,“

) oy

T dlscrete armrng movement by movrng a tylus from rts home posmon towards a

.,

" crrcular target as qurckly and accuratg as possrble Four movemenr amplltudes (40

' B R IR " . N

L

target IR N (. R

Two drfferent Sheets of paper One contammg the small cireular target the"‘," R

ltnals. Feedback in terms of response Speed was not provrded Feedback m terrns of“

Fach sub]ect reoelved a block of 60 tnals for each SOA Order of SOA"" ’ o

presentauon was from the longest (500 ms) o Lhe shorrest (25 ms) , z?r rest perlod of
hre culng condmons ( unprepared" rraxls prepared band lefr“ and-‘ |

- block of 60 mals was admrmstered ro each subject Frfteén pracrlee trrals were glven

: o Smgle Amung task In tl’né task lk}e sub}ecr was requrred to produee a smgle -

. mm) resulted i 8 possrble movement condmons Movcmenr amplrtude was';

EI measured as’ the dtstanoe between the home posmon and the centre ol‘ the crrcular



\

target cxrcle was always pomioned to the 1eft of the home pos:tions on the same

horu&ntal planc o “ \

The sheets of paper were plaoed on top of the X Y dxgitizmg tablet, and

{

covered by a. plece of clcar perspex Correcl positioning of the paper sheets was

kvf asu}éd b? aflgmng fom guide unes on the paper sheE‘ts with four guide lines on lhe
% .

'aﬂ/)‘,‘\ R . L)
'

- X- Y d‘?gm‘ung tabletf IR ,/, - “ ' : L ;
The onder of the xnov;men( condilions was delermined via the random number

Tk \

'generalor of the’ PDP Il/lo computer The sheel with 1he large cxrcular uuget (24

mm) was presemed first, wnh the order or amplltudcs being 320 40 160, and 80 mm.
.

Then {he sheet w:th thc small cxrdular target (3 mm) was moumed on the: tablet and

tho' order of movement amphtupe /was 160 80, 320 ‘and 40 mm, In each movemenf
. Q
' »condmon the subject was reqmredjto perfo? 3 pracnce tnals and 20 tcst mals The

' ‘subject was mstructed to alxgn ghe body' mndhno with (he locanon of the circular

target so that the movements were &IW3Y$ f rom nghl to left, and always towards the

mxdlme of the body ln addxtion thie subjects yvere reqmred to hold t.he stylus m a
g “' B

pen gnp fashlon On cach mal the subject placeq Ghe stylus on Lhe xequnrqd home :
: .posmon and when ready‘ moved the stylus over the perspex as qmckly as possx,ble to .

the cnrcular target The sublect was instructed to keep‘the stylus m comact with Lhe

S

o X
- pcrspcx surface and ro comg to a complete stop anywhere withm Lhe boundanm of
BVIR W

: the csrcular target‘ Folbowmg compleutm of Y movement ;he subjecf then ;etprued

' ,"/
4

e . LIRS LN T
o Y e
¢ . -.m‘ . P

f
the styIus to lhe home posmon to bcgin the next mal The‘ mterma}()mterval.

. l'.,-:therefom. waé determiﬂed by, the §ubject e

[ ‘

Wh ‘ever the stylus comacted me 9urface of the perspex the computer

: f 0 ms From these ‘dua. mo?rement time and endpomt accuracy m the
et e e no [ Ve " ”g "

\ .



horizontal plane were calculated; = . .

"

‘Reciprocal Tappmg Task, In. the rccrprocal tapping task the subject was

‘ requrred to move the stylus repetmvely between two circular targets of equal wrdth

- \, .
separateq by a certain amplitude, as quickly and accurately as posstble l‘or the

duration of 15 seconds,. Four target wrdths (drameters gof 3. 6 12 and 24 mm) were

N

orthogonally combined with four amplrtudes (40 80, 160, and 320 mm) resulting m"'

16 movement condmons For each movement condltlon a separate target sheet was

’ Y

' ‘constructed which consrsted of wo equally wide crrcular targets horrtontally .

separated by a certain amplttude as measured‘ between the centres-of thetargets "lhe

order. of the movement condmons was the same for all subjects and was established :

e

by use of the randoin number generator of the PDP 11/10 computer The order of

movement conditions is presented in Appendrx 1.

Subjects were mstru(:ted to position- themselves such that the body mtdlme was ‘
;

. aligned wrth the locanon of the feft target In each condruon subjects were given a §

, second practrce bout after whrch one test tnal of 15 seconds was admmrstered At

' 1ts x- coordmate every .10 ms

*

the begmmng of each tnal the subject was’ asked 10 place the stylus on the right

target The mstructrons were 10 start movxpg in fesponse to an audrtory—start srgnal .

"Frf teen seconds thereafter n second mne would slgnal the end of the trxal As in thef‘; B

¢

smgle aumng task the computer would sample the posltxon of the stylus by recordmg

®
l_\‘

A . R
P - . . . LERE N o
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'RESULTS AND DISCUSSION

Cy '
l

N i

In order to mvesugate the vahdnty of the construct speed ol“ vlsual mf ormatwn

processing two’ separate analyses were carned out ln the' extreme group analysis

»\ v

‘the first step consrsted of fonnrng a group of "fast” vrsual ml‘ormatron processors =

v

- (N= 20) and a group ol‘ slow vlSual mformatron processors (N 20) based on

_perf ormance on the backward masking task The next step c0nststed of comparmg the .

perl‘ormances of these two - groups on the srmple reactlon time taslt chorce reactxon

. time’ task smgle armmg task "and rectprocal tappmg task Analyses of var_rance

' (ANOVAs) were camed Out in" order to determme whether the | "fast" visual‘ ‘

information processors performed more: efl‘rcrently than the "slow” vlsual mformatron

'(processors ’I'he main hypothesrs to be tested was, that if spwd of VIP is! rndeed a’

basic abrlrty underlymg performance on a vanety of tasks then . "fast” vrsual
ml‘ormatron processors should outperform slow visual mformauon processors
especrally on tasks which presumably are very sensitive to differences in speed of -
visual lnfonnatlon prooessmg The ratronale for using exueme groups is related to

K -

the notion ‘of sr.ausucal power and unplicates a greater sensmvrty or chance of

.

. detectmg any differerices’ that mrght exlst B . '

| ‘ 'I'he second type of ana’lysrs was correlattonal m nature 'That rs correlatrons
= ‘were calculated between performance scores on all l“ve expenmental tasks Of course
. the performanoe scores of all 69 subjecns tested m tlus study were entered in thts
'\analysls Agam the underlymg logrc was that if smd of vtsual mformatton

“_proeessmg ts 2" meanmgrul. unltary and task independent eonstruct ‘rt should bc

- ' manlfested ln a pattern of_hlgh correlatrons among speeded scores denVed from a B

_. v‘.‘,,ariety‘ of dlrferent types of tasks(Salthouse 1985) | “_ -

\

t

!




' EXIREMEGROUP ANALYSIS ' . . b

A
For clarity of prcsemauon thrs section rs orgamwd in terms of the speclf ic +

i . Ny

tas[;s mvolved Flrst however a group of "f ast vrsual mformation processors and a Y.

‘, group of slow vrsual mformaLlon processors based on backward maskmg‘

ll i
I |

:perfo\rnance nwds to be estabhshed Therear ter, comparlsons can be made between

} the perf ormances of these two groups on the remalmng experrmental tasks

1’.

o

| B Bac'k'»ifard Masking Task |

/ : i

Based on, ’the crilerion otlmxalfmr~ ber of leuers reported in the correct ‘

a

posmon (ldemlry plus location correct), the suchcts were drfferenuated into two'
groups ca . fast” processors group (N 34) consrsung ol lhe subjects wuh the hrgher -

‘ tptal number of letters reported co_rrectly, and ‘a. "slow” processors;group (N =‘34) : : B '

4

‘consisti‘ng of thersubjects '\vlth the- lo‘v7er ‘total 'number of letters re‘ported correctly' . : )
. Mean age of the "fast processors was 21. 4 y:ars (range 18 to 31) and mean age of

the slow processors was 21.2 years (range 18, to 28) Plfteen subjects in the "fast
‘group were male and 19 female nln ‘the slow group therel were 14 male and 20 '
o "female subjects SR ; e _ ’ "‘,"_._"’_wl\,. A
K B Frgure 13 dlsplays the mean number oﬁ.lerlers correctly reported per‘tnal as a. ” ~ -,
o 'funcﬁon ol‘ exposure duratmn for "'fast and slow prooe?sors An analysrs of ,\ L




- for;

prowésbrs“ :

. -,éFlgure 13.. Mean numbex of. letters reported cotrectly
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durauon F(S 330) 10 38 p< 001 The mam effect for group lndtcated that "fast .

processors (M 3 15) reported more letters correctly than slow processors :
(M 2.60). The overall dtfference between "fast and slow" processors was 55

letter ln Expenment 2 we found an overall dlfference between "fast and slow

v

prooessors m the sport of professronal xce hockey of 93 and m the sport of varsrty s

ot

i

dOthlll sknng of a3, The present fmdmg of a- dtf f erence of 55 letter ls srmllar to.

, that of the varsrty downhtll sklmg group;,and\therefore supports the earher tontenuon |
| that 1performance on the baclrward maslrmg for the professno%ralrce hocltey group was‘ ‘ "i,‘ [
contamtnated with readmg expenence ) ‘ R 7 R L *‘

| Tests on the srmple main effects of the factor group were srgntftcant‘ at all .» | |

‘ exposme durauons (p< 01) Nevertheless lhe stgmf xcant lntera‘cb;onlrndtcated that

e \ 3 . NN

the advantage of the "fast processors was smaller at the shortest (50 ms) and longest rt '

\
Y

(300 ms) SOAs than at the mtermedtate SOAs ln other words the dtfference |
between "fast and slow procesSors was most pronounced in the resource ltmlted" o

regrons of the performance f uncttons' 'I'hls fmdmg, then corroborates the results of

ul ‘ \
M .'rw, . .. o

Expertments 1 and 2 and ls consxstent wtth the argument that the defrcit of slow

processors 1s related to speed of attentlon or'speed of tcomc readmut L ~'_n; ST

v . >“l‘ i . ] .
Vo g ' ' cln

: R 5 As rn the prevrous two expenments error scores were calculated by seormg the

'\
l “ .
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%

. srgmficant mteraction between group and score (F(2 132)<l) mdtcated that slow",‘;» ’

and "f ast prooessors drd not dlf f er tn amount of errors made

\-'"t 'tt"‘
‘l‘ et L T «,,‘- A

ln order to adhere to the 1dea of extreme group research the sub]ects with ‘

the 20 hrghest total number of letters reported correctly (ldentlty plus locatlon

ot

correct) were selected and the 20 subjects wlth the lowest total number of letters
reported correctly and labelled "fast (vrsual mformatlon) processors and slow
(vxsual mformatxon) processors reSpectrvely, Mean age of the "fast processors was

[ .

121ears (range 19 to 31) and mean age of‘ the slow processors was 20 8 ycars

(range 18 to 26) l” m subjects m the "faSt grohp were male and ten female ln the

slow group there were: 9 male and 11 female The perf ormance of these two groups

,' of subjects were Juxtaposed m the analyses of the f ollowmg tasks
“ . . LI B

. . ' ' \
. . \

I Simplls“Reaction_'l‘ime‘.‘\rl'a‘slt S &

Reactton trmes less than 100 ms or ‘in excess of 500 ms were regarded as

errors Mean con’ect re&cuon umes were calculated f or each subject as 4 l‘ uncuon of

vanable foreperrod The means of the reactlon tlmes for "l'ast ‘and slow

. ot
K ), V
Vo S l

processors as a functron of variable forepenod are presented m thure ‘15.: ".«_ ; .
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L Clearly, "fast and slow processors as determmed by the baclgward maskmg
‘ task do not perform dlfferently m a srmple reacuon ume sntuanon Thrs fmdmg

suggests that dtfferent prooesses underly performance in| both tasks ln the General
Drscusston hovyever alternauve mterpretauons wrll be presented o “w :j‘*

K 'y . Choice Reaction Time Task
. . [ RS l;a‘w

R Reactron trmes less than 150 ms or m excess ol‘ 1250 ms were dlscarded Mean

! g LIRS i
. , K

l\
correct reacuon trmes and proporttons of errors were calculated l'or each subject as a

funcuon of SOA and preparatron condmon The drf ferenual reacnon trmes betwecn )
e ,a.. o v ‘ .
the prepared" condttton (2 chorce reacuon trme task) and the |

condmon (4 choice reacuon ume task) ret‘lectmg in the termmology of Mnller (1982)

B I

and Reeve and Proctor (1984) the amoum of response preparauon are presented ln '. h

"

prepared "

Lo
i ’r

Frgure 16 for the "fast and slow processors as a functton of SOA between the cue

“.‘H "" ‘ o K \' : \ R ’, v _" .4- :\ . ‘_4 ‘\\“‘ . ,\ ‘.I"\v‘, .
and the target snmulus ' SR y- L e S
. \‘ . " i F- o W . *,.\ X ) ,' .\ f
v /

. | ‘f_'.", Two dtstmct effects are apparent m Frgnre 16 Frrst. ‘the mampulauon of
) N ! 'l‘ \ P . |
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Ihese data then do not- support the expectanon than "fast processors are [ ‘

\ able to take advantage of the mformauonal cue “at- shorter SOAs than slow

.
.f-b

.

/," RN XN

‘ n&mﬁk and‘(’ho“x reacuon time lask : »" e ‘ -

)

" "' . \""" “\ .’.“
& " Single Aifming Task -

‘ 1
' ] " ‘
4 , ; . e n
\ B o :
P N [N .

Mean movement txmes and mean m(\)vement accurames were calculated for

v

i ' ' '
: Aeach su‘bjegt m each‘ condmon,, Movemem,.faccuracy was defmed in tcrms of the
¥

«“"_,,target wxdths the dxffnculty of me produeed movements for cach sub;ect m each

7.‘ ) ”‘condmon was calcurated g.pc’ordmg to Fltts ommla : = -

Index of Dxffxcultyv-"og(ZA/W(e)) (A amphtude or. mOVemem distance) By

-

N ..meo.ns of lmw freg;ession analyses the sIope and imercept*of the stralght hne fi uncuon .

n !
.'.,, n.,

relatmg movemen ume to mdex of dlfflculty Was established i‘or each mdwxdual
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- processors by the funcuon MT= 140 +78lD The ;m'ou;{{ of‘;fenanoe lhat lhwe
funcuons accounted for was 91% for lhe "fast procesSors and 94% forlthe wslotv
R {%‘ S0 Reciprocel Tapping Task .

Mv\‘ .

\H' R ] .7

- processors Was defmed by the funcuon MTH 156+821D and for the. "slow

P B . - . '
I oy ) v i . . C
. " . . ¢ . .

EUREI I I 32

,_,,,
AT

Mean movemem umes effecuve target wrdths. and mdexes of. dxff 1culty were '

; ! '
' Il ,‘,*

B RN 4 ‘ o
calculated f or each subjcct m each condmon SubseQuently lmear regressron analyses

' [

were camed out m order t0 estabhsh slope and mtercept of the lmear f uncﬂon relaung

' \"

, movemem ume 1o mdex of drffrculty T tests performﬂ separately on Lhe slope

A

A

| "
" .

values‘ and mtercept values mdlcated no dll‘f&noes between K "{asl and slowr‘

.:‘fﬁl

prooessors (t(38)—0 74 p > 05 and 1(38) O 81 p> 05 respecuvely)

‘ S

s

cao A graplncal repre§entanon of mean movemem nme as a f uncuon of mdex of

l.'ol‘

‘\r‘ (B i ‘

\
drffxculty f‘or "fast andhj "slow processors 1s presented m Fxgure 18* and

v A . ) "

demonstrates vmually rdenuoal perforrnances by fast and slow processors The

- regressron lme relalmg m0vement ume to mdex of dxffrculty for lhe "fast’ ‘processors

L)

' was defmed by the funcnon MT = -645+163ID and for the slow ' prooessors Jb Tthc“‘ ]

'y, B

'

e

’
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INDEX OF DIFFICULTY (bits)

Fxgurc 18. Regressnon lmcs relating movement time to index of diffficulty for "fast”
and "slow" visual information processors in the reciprocal tapping task in Expenmcm
3. (Note, the regression line for the "fast”. visual information processors is virtually-
identical to the one shown for the "slow " processors, and is, therefore, not plotted.)
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CORRELATIONAL ANALYSES
. i | v
In this analysis, correlations (Spc.arman zero -order, prpduct~momcnl y
correlations) .between the performance scores of all s’ubjccls' (N=69) oﬁ all the tasks
w¢mW‘;ﬁ That is, for each subject the followinmcs were cvmcred into the
corr.clatpn Analysis: -
1. - mca;i simple reaction time
2. Tonal nlm\bq of letters reported correctly (identity and location correct) i‘n thé
backward masking lask X ‘ . /
3. - mean differential reaction time between "prepared” lria‘ls and "unprepared”
trials in the choice reaction time task
4, ~ slope of the linear function relating movement time 15 index of diffiéully in
the single aiming task |
5. . slope of the linear function relating moVerﬂcm time to index of diﬂ‘icul(y in
the reciprocél tapping task
The results of the correlational analysis are presemed”i»n Table 1. The . act
that only one correlation was significant (the one between the single aiming task and
.recliprocal tappiﬁg lask) is very stri‘king, .altﬁough not surprising in 'light of the results
of the “extreme group” analysis. Apparently, how one does on one task has very
little or nothing to do with how one does on anomér task,
The extremely low corfel'ations among the different speeded measures wﬁiéh,

were all mought to reflect a basxc speed of proccssmg f actor, are of obvious concern.

In the followmg several potermal problems will be 1denuf|ed which may have. -

comammaled the rcsults and presumably lowered the correlauons
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N
! L]
f
o "
VARIABLAE CUERET (D)1 TR T TS
SINPLE REACTIO 210 |26 -.06~.13 .00 .05
 DACKWARD HMASKING  2.46 0.41 ~ .08°.06 .10
CHOICL RMACTIO 70 g .06 .10
" STHGLE ALMING 76 19 .48

RBECIPROCAL TAPPIIIG 143 28

Table 1. Correlauon matrix rom Experiment 3. Note, a correlauon with an absolute
magmlude of .20 is significant at p<.0S, and one with. an absohne'q)agmtudcvof .28
is sxgmf 1cam at p<.01. B
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. One problem concerns the notion of speed—accuraqlf trade - off. lnlthe two
rcacti;)n “time -'tasks, th\e imem‘ was to ‘meaSure miniy. reaction \timc at the
maximum‘ level of accuracy. Sinte the pfoportions of errors were ve‘ry low, it would ._
secm that the goal of maxxmum accuracy was achieved. Ho»y&ver it can not be
concluded wnh all cenaimy that each subject performed at his or her optimal specd
" That 1s, accordlpg to the speed—accuracy opqratmg charactg:nsuc_ maxnmum accuracy
can be achieved with different levels of speed (Pew, 1969; Paéhelia{. 1974), It is
unclcar,.th‘ercfore, whetﬁcr thc‘obscrved rc.action times u‘ul):t rcﬂecied Lhe'maximum
speed capabilities of the subjects. It has been proposed that the best solution for this
problem is to establish entire speed-accura,cy operating characteristics for all subjeéts

r

(Keele';z Hawkins, 1982; Salthouse, 1985). Unfonunatély_ this s'lrate:gy is often
im\pr'acucable. cs‘pt;cially“wlhcn large numbers of sﬁbjccts are involved.

:( ’} The potential confounding bew)een capacity to perform rapidly and bias
‘t‘c,>wards either speed or accuracy is even more serious in the rapid aiming uisks.l That
| is,, whereas strict accufacy inétructioﬁsj were given in®the. reaciibn tirﬁe taské, the
y insuuctiohs in the ra.;;id aiming tasks were potentially very ‘conf uéing and ambiguous,
for they required, the subject' to move both as quickly and as accurately as possible to
the target(s). In some senscv. as Salthouse (1985) has obServed, these instructions are
mutually exclusive, since, at least within certain fegidns of task difficulty, speed and

accuracy are mversely related In other words, even though the _targets were meant to

constrain aI] subjecls in the same way they could not prevent subjects 1mplernentmg ,

. —

their own aocuracy cntena and perfomung more or less to their own standards. The
‘lack of feedback mformanon may have encouraged subjests to do thxs
In order to mvesugatc the extent of possxble spwd-accuracy ,u.‘ade_-'o'ffs. an'

index’ of - "bias towards accuracy” was devised. This "bias towards aécuracy" index"

L o "0' )
» ! \



&7
‘was operationally ‘def ined as the mean aosolule error (AE) produced on both left and
right targets collapéed over the sirteeu movement conditidns‘in the reciprocal tapping
task, Based on this 'crilerion of “bias‘ u)wards accurac'y three groups of 23 subjecﬁ

[

each were formed. That is, the 23 subjects with the lowest mean absolute eITOr score

")
were classified as "high accuracy bias" subjects; and the 23 subjects wiq\ the hnghesl -
mean absolute €ITOT SCOoTe were cla531f ied as subjects with a "low accuracy bias. . The

remaining 23 subjects were catc‘gorized as subjects with a “medium accuracy biasf‘i. n
’ ~\ ¥

Figure  19 and 20__ure'an movement \tfme and mean abaolule error are presented as "a\\\‘\
f unctiou of "accuracy bias”, It is-\e\'rideru from Figure 19 and .‘20 t;'ha'l subjecls in 'th“‘e g
) reciprocal tapping task were dif’ ferenily; piased (olwards‘either sp{:e‘pk aud/or accuracyl. ‘5.
That is, some subjects emphasized Ure accurlacy requirements &pf 'th_evl ra";;i}daiming taSl:i '
at the cost of movement speed (':high accuracy bias" group), wﬂrle.othe&subjecté
were more concemed‘ with moving quickly. as opposcd lo moving accurarely (",l‘ou‘/‘
accuracS' bias " group). . 4 . | ‘ 7 \

What are the xmphcauons of differential speed accuracy trage- off strategies

- for Fitus' Law? In order to shed some hght on this question, mean movemem times

t
.

and associated mdexes of difficulty were calculaled for the low, medrumv, and high
"bias towards accuracy" groups\‘.Applicalion of linear regression, analyses to thrs data'
resulted in the best fitting regression lines depicred in Frgure 21." "I'he:linear regression . :
functions ‘for" the low, rnediuxu and high :'accuracy bias" groups, were,
MT-— -661+165ID, MT-—-707+174ID and MT 612+1561D respecuvely The
\amount of variance accounted for by these regressnon equauons was 89 97, and 99
;e;cent respecuvely Clea:ly, Fitts’ Law best fits the results produwd by subjects‘-
blased towards accuracy This fmdmg could be mterpreted as /suggestmg that ‘

moyen_xents pro_duwd under ‘dlfferem spwd-‘aocu_racy biases nugh; have f uudamentally
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* SPEED ACCURACY TRADE—OFF
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Frgure 19 The mverse rethrp between speed (movement ume) and accuracy
1(absolute error) in the recxprocal tappmg task. .
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~ SPEED ACCURACY: TRADE—OFF

‘ ‘ Legend
S00+14 - . S ABSOLUTE ERROR (mm x 48.5)
KN MOVEMENT TIME (ms)

400 -

UNITS |

3004-.
2009

100 ~

ACCURACY BIAS

\

Flgure 20. Mean absolute error and mean movement ume as a funcuon of "bias -

s towards accuracy e o ‘ j
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Fxgﬁe 21.. Movemem time as a funcuon of mdex of dxffi&ixl‘ty for low, mcdiﬂm". ain;i"_ ‘
hlgh "bias towards accuracy” subjects e . W oo
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‘dlfferent underlying processes. In order to examine how different speed-accuracy' .

\

strategies are mamfested in rapid atmmg movements a more detailed but descrtpttve

analyses of the recrprocal tappmg task follows. , C

-~
-—

— = " ' . . o I
‘Several-movement paraméters wer\e. investigated. ‘The first one was defined as’ = .

the difference between mean movemen‘t tifme to the left target and mean movement
t . . - v :
time to the right target. In the precedmg analyses these two movement times were

averaged put subsequent analyses had tndtcated that movements 10. the\ Jeft target
that is, towards the body mtdltne were faster than movements away from the body
mrdlme that s, towards the right target thure 22 dtsplays the dtfferenttal

\

movement times ) the lef t and rrght target asa f uncnon of movement condttton that

A

ls as a f unction of target wrdth and movement amplrtude f or the low medrum and

htgh accuracy btas groups Two effects are. of parucular mterest Ftrst subjects

A

t

‘ mclmed towards 5peed and wrth ltttle oI no consrderatton f or accuracy ( low accuracy

bias” subjects) produced very symmetnc movement \ttmes in that, movements to the

rtght target were as fast as movements to the left target Second when subjects were’

btased towards hccuracx movements to the rrght target (or away from the body\

mrdlme) We‘\e\ enerally slower than movements to the lef t target (or towards the body

mrdlme) Thts phenomenon needs to be: quahfted however as it is evrdent from "

t

thure 22 that this effect vaned as a,fztﬂctton of bothftarget wrdth and 'movement .

'amplttude That is, at short amplrtudes (40 and 80 mm) ‘the, effect was mtmmal or

.non-exrstent At longer movement amplttudes however the effect varled in a very

(4

' e #

. ,,'systemattc way as af unctton of the size of the target That. lS the smaller the target

‘ ,or the more stnngent the accuracy req \pe\nts the slower the movements away from

i
FE

the body mtdhne were relattve to movernents towards the body mtdltne in the most

dtfftcult condrtton that ts the smallest target eombtned thh the longest amplttude

L4
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J /
thts dtfference was a stnktng 110 ms. Clearly these ftndmgs strongly suggest that
/ ‘

movements produced under dtfferent btases (spwd or accuracy) mtght be generated by '

processes that are qualttatrvely dif ferent

A second parameter thought to. be reflective of dif ferent movement strategies

\

- or btases was time to reach peak velocrty as a proportton of movement ttme It was =

surrmsed that subjects concerned wrth accuracy wt;uld reach peak veloctty sooner in
| Ot‘der 10, allow for a relattveu,lt)\rrg\cr and slower and therefore more accurate homing
phase For a first global analysis i / was dectded ‘that mean movement lime and mean
time t’o peak velocity (that s, a)'eraged G"& movements to the lcft and nght target)‘
would Ue used as vartables gcalculate timeé to peak velocrty as a percentage of
movement time. / / _ - T
In thure 23, mean time to peak veloctty as a percentage of movement ttme ts
presented for the three/ accuracy bias groups”, as a functton‘ of target wi %EE
nvmovement amplttud/e‘. It is clear' from Figure 23, that "low'accuraey bias” subjects
" produced very'sim’i/lar‘ movement profiles in vall movement conditions. That ‘is peak
velocrty was reached at sabout 50 to 55 percent of the movement time. and was
relattvely tndépet)dent of target width and movement amplttude There seemed to bea
tendenWever, o reach peak velocrty sooner at longer amplttudes and smaller
target aths. T '

This tendency to reach ‘.pealt velocity sooner at longer amplitudes and smaller

I".
: / '
. target Wtdths became a very s@glng and strtktng effect for subjects who were btased
towards aocuracy The size. of th\ targets seemed to be especially powerful i
/ determmmg the’ tune it takes to Tefach peak veloctty That is, "htgh aecuracy bias"

subjects seemed to mampulate the moment ‘to reach peak velocrty by as much as 15%-

dependtng on the size of the targets Agatn thts analysis tndteated that drf femhces in : : :
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spwd accuracy ‘bias lead to diffi erent types of movements
l
A third parameter, "dwell trmew was also mvestrgated m the attempt to
s

demonstrate the 1mportance of * Spwd accuracy btases in how movements are

A

| produced Dwell time was def’ med 8s the amount of time the Subject stayed on the

- ___ target, thatﬂs the' trme span between stoppmg on the target and leavmg the target by

o S

resummg movement spwd m the opposrte drrectton In operattonal terms dwell time,

) was def; med as the amount of time at which the effective speed of the stylus was zero

. t

‘ durmg rcversal of mdflemem direction, Due to the ltmrted sample rate of the X- Y

(-
1

 digitizing tablet (i.e., 100 Hz-) the mmrmam dwell trme was by defmttlon 10

mtllrseconds whtch therefore reﬂected a ﬂoor ef fect

'
"

Dwell times on ‘the left targets were not drfferem from dwell times on. the

- i

right targets t In the followmg analysrs mean. dwell ttmes. that is, dwell ttme_.,—
collapsed over left and rrght targets are presented In Figure"'24 ‘dwell‘ time as aw
: tungtton of movement amplrtude and target " width, for low, medrum and hrgh
accuracy btas groups rs dtsplayed,* ‘Figure 24_shows that bias towards:accuracy or
! spwd'is a very inﬂuentual deterrninant ofldwell time ,Su'bjects biased ‘towards speed
demonstrated srmtlar dwell times in- all movement condmons that is, they hardly

N

dwelled on the target \at a”l'leubjects biased' towards accuracy, on the other hand

. dwelled on the target\\ accordmg to movementr—)plltude and target srze in an

\
\
mteracttve way. That is, the smaller the targets the longer the dwell times, and the

.

- longer the plrtudes the longer the dwell times;- >The mteracuon between amplttude F

.,(ﬁ

» and target wrdth mdrcated that when the targets are very brg (24 mm) dwelt trme is -

Y

"
L.

In summary. .the prewdtng* analyses ‘Strongly suggest that . spwd accuracy

DR

strategtes have a marked— mfluence ,not only on the quantltattve aspects of raptd ‘\\‘



DWELL TIME (ms)

]

OWELL TIME
60 - LOW ACCURACY BIAS
so{ Legend
L@ Wal (rrery
404 °© XM
® woizgmm)
304 © W)
20 - o ®
- _.4__——-——-;".’;'?:.:
10 "':'-...'--m-m'-#mfmrm ..... R H
60 MEIYUM ACCURACY BIAS
50- . )
40 R
0. /0 .~ el
—* ~0 - =
20, L /Q) - ° . . . — R
o] BT e
wuy
60 - HIGH ACCURA‘CY BIAS )
—————————— A .
o—° :
40 4 )
‘ -0
30 L= = o .
. ' ! T
, o ) e .
20 . R-—-—0
. et e o
PySI RSP U TR
104 o .
. ‘ |
Ll i B T
80 160 ‘240 320

vop

AMPLITUDE (mm)

low, medium, and high" "bias towards accuracy " subjects.

~

«

Po

VO
PN

.

/

96

Figure 24. Dwell time as a function of target_widtfl and rhovement amplitude, for



<

> - 97
reciprocal aiming movements {movement time and movement accuaracy), but alsq on
qualitative aspects ( dwell time, time to peak velocity as a percentage of hovcmcnl
‘lime, differential movement time to left and right targets), That is, subjects biased
towards accuracy generally dwell on the target, vary the time to reach peak velocity,

‘and vary movement time (o the left and right targets, All of this is done in a
syslematic way ’dcpcnding on the amplitude of the movement and the size of the
target, Subjects geared towards speed do very little or none of the above, In other
@

words, the preceding a;lalysis suggests that, depending on the particular strategy
employed (i,e.: §pccd versus accuracy), performance on the reciprocal tapping task is
produced by qualitatively different processes or mechanisms. Specifically, "low
accuracy bias” subjects do not seem to process as much visual feedback information
‘c)()r‘rcg:rning achieved cndp'oim'accuracy as "high accuracy bias” subjccts; The analysis
of dwel} time provides s.lrong support for this claim, "Low accuracy bias” sﬁbjecls do
not dwell or dwell minimally. "High accuracy bias" subjects do dwell and in a very
systematic way, namely according to the size of the target, That is, the smaller the
target the longer the'dwell time. This pattern ot; results seems 0 indicate that dwell
time is a reflection of time needed to assess the discrepancy between endpoint position
of the stylus and the target boundaries, - Apparently, then, the smaller the target, the
longer it takes to evaluate "where you are with comparison lo‘whg:rc you intended to
be". or more specifically, whether or not the stylus stopped within the boundaries ‘of
the targeli. |

The analysis of the differential movement times to-the left and right targets
also suggests that perceptual processes concerned with evaluating. ihc terminal p83ition

of the stylus play an important role in rapid aiminé tasks.  That is. the finding that

* movements away from the body midline are slower for "high accuracy bias” 'subjcéts“
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but not for "low accuracy bias”. subjects, suggest that processes of localization are

more time consuming away from the body mid'line. P;esumably; subjects—have—t0

make eye movements if not head movements in order to be accurate on both targets,

Therefore, the differential movement times to the left and right targets, suggest that
~eye and/or head movements ‘are casier and more efficiently accomplished when

“directed towards the body midline than when directed away {rom the body midline,

In sum, following the finding iha( subjects used different strategies in‘the'

rapid aiming tasks and therefore presumably relied upon different processes, the
extremely l’ow correlations ‘between performance on the rapid aiming lésks :and
performance. on the other é;perimg’tmal.tasks are not sur—p;ang ”l:hal is. since the
goal of "process isolatiqn" was not coﬁsistcmly achieved, it 'is unréasdnéxble 10 é);pecl
‘substantial correlations. Evidently, the results of the present rapid aiming tasks can
not be taken as valid measures of a basic speed ol'“ processing factor, |

A second problem.concerns the undocumented reliabilities of the measures

obtained. Two types of _reliabilities can' be distinguished: split-half reliability and’

L

test-retest reliability. Split-half 'rcliability is measured by correlating scores on two

subsety] itéms or trials of a test. Eor in'sumce_, scores on the first half of all trials
ona pénicular test can be correlated wifh the scores on the second half of the trials.
‘Similarly,‘ scores on the even numbered trials of a test can be correlated with the
scores on the odd numbered trials. Split-ﬁalf [reliabilities asses the internal consistency

of a test and reflect the degree of measurement error.

Test-retest Teliabilities are measured by correlating scores obtained from the

same test administered on two separate occasions. Test-retest Teliabilities, therefore,

represent the stability of the subjects’ performances on the test or task.

’



'

2 99 -

It has been argued that the test-retest form of ‘reiiability is' superior to the
_ spliﬁhalf [or}n. since the la;ter is relalivel); insensilfve to behavioral irl\stat;.ility‘ (i.e:,
' str’alegiés), and‘ thércfore "fails tb'provide an ai)'propriate basis for cvaluali'ng the

likelihood of obtaining similar results on a subsequent occasion” (Salthouse, 1985, P.

129). N

"A preferable procedure. for assessing breliab.ilil‘y in
individual . d.iffcrcnocs vl“csearch is, thc': test-retest
technique in .whickg‘an' interval, dllxri<ng which changes -
,in‘s,trategy‘or set could conccivaﬁly occur, e}aﬁges

., between successive measurements of the variable,

Only if the test-retest correlation coefficient is:
reasonably large can one claim that the phenomenon is
stable, and not merely that its measurement is

consistent.” (Salthouse, 1985, p. 225) o . S

‘rl;xnately. for practical and economical reasons test-retest reliabilities w‘cre' not
established. It is therefore impossible to know how stable or reliable the opmincd ‘
measures were. Clea‘rly, if the Itasks used wére unable to produce reliable results, it is
unreasonable to expect §ubstaniial correlations between the several task measures
(Silthouse, 1985).

Taken 1oge.thér.‘the. gbowie m'entionedf -probl‘cms, differemial"speédmccuracy
biases and undocumented reliaﬁilities. seriously question the SUCCESS of thé ‘present .
attempt to isolate aﬁd assess 5 basic speed df '\}i.sual‘ inf_ormaiionpfdoéssing factof in
| differex_xi situations.. Admittedly, the task 'is. not without challé_ng'e. as obscrved by

_Keele and Hawkins (1982): -~ = -



_ "The measurement of isolated processes is an ideal not °

! often met in, practice. Imperfect isolation of processes

likely accounts for many correlations ‘being - smaller °

' i ' A ) ~ ] )
than otherwise expected.” (Keele & Hawkins, 1982, p.
4~ ' \ ' ’

5)'

) i
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*‘Therefore, the present finding of very low correlations does not n;:ce's‘s_afi-ly ‘impl'y that

failed in'the attempt to measure it. . L S

\

there is no general spcedf of. processing factor, but rather that the present experiment
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.This ‘stndry was concerned with ‘individual differences ip speedjof"‘vis‘ual‘
information processlng and how they influence ef fective f linelloning'in' the(conlext of
fast action sports The major premrse was thal fast and,@ccurate percepuon‘rs a
conditio sine qua non . for successful behavior in raprdly changmg envnronments
' Therefore, it was hypothesrzed- lhat "top-ranked” athletes process shorr durauon

visual drsplays faster than-"bottom-ranked" athleles . “‘ S ‘

-

The results of Experiments 1 and 2 seemed to support above hypothesrs f or it
was found that top-ranked" university ath(leres- generally processed " visual

information faster than bottom ranked"' university athletes, ~as mdexed by'

- ",—

N ‘rz‘\/\
performance on the backward masking Lask ll was temauvely corﬁcluded thal the

’ backward maskmg task has promrsmg vahdny in predrcung performance excellence ln

l ', . "

.‘ f ast action sporls
The préctical implications of lhls conclusrbn are’ potenually very 1mportam to.

those' concerned with selecting, screening, and advrsmg athletes. For mstance in .

order to capmhze on their supenor perceptual ability, fast processors could be drrected

!

towards sports oﬁlthe open skill vanety lndmduals with a slow speed of processmg,

on the other hand could be drrected away frorn suuauons m whrch fast and accurate
perceptions are crucnal for they lack the reqursrte abrhty of f ast processmg ‘

- However, two serious hmnauons restnct the- valldrty of rhe backward masking ;’
task as an accurate index of rate of vrsual mformauon processmg and, therefore asa

valid predrctor of performance exoellenoe Frrsr m the present study. spwd of vnsual

mformauon processmg was defmed as the ablhty to perceive raprd vrsual d:splays o

comarmng letters of the alphabet in a backward maskmg srtuauon. Slnee it has been

i “‘.; | ) ‘. 101 .a’ ’.,.~ A .. .. \
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'demonstrated that the subject s famxl‘anty with the sumulus matenal mﬂuences

performance on thts kind of task, it is imperative, that the- to be tested subjects are'

A

equal in this respect

How can it be assured that subjects are of equal famlhanty wrth the 10 be

\

ldenttfted sttmulus matenal" In this study university athletes were used for it was
_ assumed that they would be of equal famtltanty with written sumulus material, When

thls condmon was not met, as was the case for the prof essnonal athlctes m Expenment

!
.2, the backward masktng taslr had noe predlcttve power One possrble solutton to thts

problem would be to use a htgh spwd peroepnon task in Whlch pre expenmemal,

knowledge would be mconsequenttal The mspectton ‘time" mdex operauonally

} defmed as the mtmmal exposure duratron neoessary to make 4 rehable dtscnmmatton

v,
t

between two bneﬂy presented {mes would seem to saUSf y this conditton (e.g:, Hulme

‘& Turnbull 1983) A posstble altemauve solution would be to use geometrlc fxgures

' (l,e., circles, squares, and triangles) as sumulus matenal.

I s . N
N \ .

A second limitation of the back\'vard masking “task as an'accurate‘instrument :

f or' assessmg spwd of vrsual mformatton proceSsing is related to the age of the to be

++ tested subjects Evrdence for an age -limitation” lS provided by Amett and Di Lollo”

(1979) and Dt Lollo Amett and Kruk (1982) who demonstrated that rate of
‘. ’ processmg tncreases raptdly in early chtldhood (age 1 to 13 yea:s),-romams stable in .
young adulthood (age 19 to 31 years) and declmes slowly thereafter The ulcrease in |
"Vspeed of processing in early chtldhood is. qutte considerable as 13 years old chtldren-.‘
show twice as fast processmg rates as 7 years old chrldrcn Smee developmental or.
| A " 'maturatronal factors ean cause a dtscrepancy between btologreal age and chronologleal’
| age. uneqmvocal mterpretauon of backward m&*mg performanee of young chtldren

_'seems problematte That lS poor performanoe on the backward masktng task by a
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child between age 7 and 13 could be the result of a slow basic ‘speed of processing -

abrllty, but could also be the result of a. delayed maturatronal deyelopment"

Therefore wrthout taking - mto accoum the maturational development stage or .
biological age of the child, lnterpretatrons of backward maskmg performance in terms
of the "abillry tcf process mermatlon quickly, are not valld for children aged lB;and
under ' |

‘ ' ’ '

The results of the flrst two experrments generally supported the hypothesrs |
* that speed of vrsual mformatrorr pr0cessmg is an 1mportant factor in performance
level in open skills. There are several considerations, however, which sermusly quahf y
and restrict the scope or generality of" the proposition ’tha‘t fast‘ perception is of

paramount importance in fast action skills, Consequently, these,cOn,siderations also.
have important"‘ramifications for the power of the backward masking lask ‘as a.

predtctor of performance excellence R |

Frrstuof all, the predrctrye value of the backward maskmg task should be -

.

'mterpreted m Telative terms, that 1s as mdrcatmg an mdmduals potenual for bemg

-

P—

‘successful in fast actton sports Thts qualrftcatron is prompted-by the argument that a

fast speed of processmg is meanmgless unless itis approprtately used ln other words
‘ \
whtle the abllrty to process visual mformatxon qulckly may be a necessary condmon
. » a) L. \
g for supenor performance it xf certamly not. a suff clent condrtxon lnappropnate use -

of this abﬂlly. by concentratmg on .or selectmg melevant stimulus mformatmn wilh e
oh%rously not contrrbute to excellent performance ’ Co SRR

Also crucral to an evaluatron of the predrctwe power of the speed of

"processmg conoept is the fact that sueoessful performance has many prereqursites oy

r

'That 1s, spwd of - proeessmg is not the only srgnifreant component m sucoessful

' performanee Other factors such as those related to attntude physrcal abrhtres and

[ . \ .
o ' " i
T '
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“sport specrfrc skrlls are of utmost importance in realmng athletrc success. For
exg,mple a fast v1sual mformatron processor who lacks the output faCllltleS to
ansform the results of his or her supenor perceptual prooesses into an adequate and

' eff tclent response will probably not rise to "star status

»

o [ ‘ Another qualrftcauon of the proposmon that fast processmg rs a valuable
a

sset tn open sktlls is mdtcated by the observatton that in many sports- "role players

L
i

contnbute in"a very SpClelC and restrrcted way 10 team success. That is, even in

- sports classifted as belongrng to the open skill® vartety, certam players excel in

!

actrvmes whtch depend relattvely less on the abthty 0 prooess vtsual mformatton'
' qurckly The so called enforoers “in hockey belong to thxs latter cntegory
A frnal hmttatron of the spwd of proCessmg coneept as a predrctor of

’

performance success is- suggested by the Htck Hyman Law (Hrck 1952 Hyman

Lo 1953) The chk Hyman Iaw postulates that the more sttmulus response alternatrves

the’ subject has avarlable the longer it wrll take to choose\ and initiate’ the . correct

response Applymg this law to the notion of speed of proc@;lsmg it would f ollow that .

ts

fast Vtsual mformauon pr0cessors should show longer response times than slow vrsual

"

¢ .
oy ' Vo

tnformatron processors because fast processors percerve more mformatron in a fixed

. ' penod of ttme and hence have more sttmulus response altematlves 0 choose from
| than slow processors, Fortunat.ely, it ‘has been shown that the compaubilay between
the sumulus and tts appropnate response is an tmportant medtaupg factor m the
Htck Hyman Law That is, when sttmulus ,response oompatrbrlmes are very high, the
Hick Hyman Law breaks down, for in such srtuations response ttme has been shown
, to be independeht of the number of stxmulus-response alternatwes (beonard 1959
B ‘\*Mowbray. 1960) In other WOrds a fast speed of processmg mrght not be harhlful for

‘expenenwd athletes smoe they have verv strong and welJ establrshed sumulus response

-~ - MR
Ve ] R RN . . D e
. . ' . [ B
[l K . Y o "
: " \ . oo . ’ ! . " N B
: . . . ) LN e e, o Y
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) compatrbtlmes For mexperrenced athletes however who lack firm and"dtrect bonds

‘between the possrble sumuh and the assocrated appropnate responses the -

Hick - Hyman Law seems o suggest that a fast speed of processing may have ‘an |

- adverse effect on performance IR ' o

\

The relative success of the backward'\"masking task in-‘ao’e‘ounting for

performance dtfferences among umversuy athl%tcs led o' the. conception of

Experlment ‘3, ln Expenment 3 an attempt was made to establtsh the construct
m ‘ . .
validity of the speed of processrng concept The rattonale was that if spwd of visual .

mformatron processtng is mdeed a general context mdependent basrc abllrty then ‘

performances on tasks all supposed to be mdtcauve of spwd of processmg should be

o

‘;related To test this hypothesrs five laboratory tasks all ‘thought 10 be reﬂectlve of

speed of processrng were admrmstered o a large number of subjects (N 69).

However correlatrons between denved scores of these tasks were. extremely low Thrs :

t

| finding indicated that the drfferent ‘measures - mtended to.reﬂect a basic speed of

.,“prooessinﬂg.‘l‘actor,' had‘ little or no cOmmon”varian.ce. The idea of a general processing :
. ability was therefore not supported. However, ‘seve,ral problems, which may have
contaminated the"results and lowered the correlations,' w‘e"re‘ identified. . These:
“ problems were, related ‘o dlfferential speed-accuracy biases and undocumented‘

\relrabtlmes RN - R " |

2 The fatIure to fmd evrdence for a general construct of speed of proeesstng
does not of course mean that there 1s ‘no such construct lt does make the potnt
though that performance is detemuned by a wealth of drfferent factors and that tf a
' general spwd of processrng factor lS to be demonstrated ngorous experimental

statisttcal and theorettcal control ts essential

L E ) '
. . "
N, . . . X oL '
I . . .
“ ;o .
.
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lt rs recommended that enute smd accuracy operatmg charactensttcs be
. ‘-establtshed m order to avord problems of dtfferenttal spwd aocuracy trade offs that
'ls in’ order to asuertam that the denved -SCoTes truly reflect the maximum . speed
' ‘capabllltles of the subjects rather than subjecttve volmonal preferences towards etther
- speed or accuracy lt is also recommended that all sub]ects perform the tasks twrce

.~ and on separate days so that test “Tetest rehabrlmes can be estabhshed

The issue of theoreucal control" 1s more complex lt WOuld seem that in

order to, make mferenees about SpelelC mental processes from total reactton ttme or ‘

movement ttme one. must have a theory that specrfres how the durattons of the -

vanous proeesses mvolved in. a task jomtly determme reaction ttme or movement time

m that task (Mtller 1982) Basically, two types of mformatron processmg theones

have been proposed Dtscrete mformatton processmg models assume that processes‘

E operate in a strtct sequenual and mdependem manner. Accordmg to these models

vtotal reactton ttme ts the sum of the durattons of a number of dtscrete and

tndependent processes or stages (e g.. Sternberg 1969) In conttnuous mformatton‘

e

,processmg models,@‘tﬁe other hand 1t ts argueq that several proccsses may operate o

Stmultaneously (eg.. Enksen & Schultz, 1979) 'Ihat Jds, it is assumed that beforei

L ;completton -2 process can transmrt parttal or preltmmary output to a subsequent -

| process or stage 0bv1ously, accordmg 10 contmuous models total reacuon time is

‘not stmply the sum of tlre duratton of the component processes Enksen and ‘,

| Schultz s (1979) conttnuous flow conceptton is typtea} of thts latter perspectrve

s . .
N » . L4 A .

AE . . Lo !
S . ) } .

',‘ "In thts eonceptmn ‘informauon about - sttmuh v
‘ aocumulatee gradually in the vrsual system and as ll' ’
accumulates, responses are concurrently pnmed or i

pamally acttvated We conoelve ot‘ several prooesses L



or levels comprising the ‘events from .stimulation‘ to
. response activation, Wnth ‘the onset of strmulauon

mput channels begm 10 feed a contmuous output to

i

feature detectors whrch in tum contmuously fwd to

form units. The output from the form umts is ap
"'. }

pnmmg or activation flow to the response system .

' ‘The omput from each process becomes ‘mcreasmgly
| more detai;ed or'era.ct'('wer time as energtl is integrated ' ,.
. ‘,in ‘the 'visual sense orgah, The effect, at the resporrse‘
‘ level,o‘with this contir‘rtxous lov), is arr initial prirhing of
a wide‘ range of responses But as the p‘ro,(:\esgrrg,’ at
~ the lower leveis proceeds in time, the primin‘g flow |
becomes ihcrea‘stngly . restricted to_ fewer ahd.‘fewer'
reSpons'es; -.‘namely,,\" those - that ._are still  viable
- . alternattves in terms of the irrc'reasin'gly ‘more eract or’
conrpl"ete output of "the lower processes" '(Eriksen '&-
Schultz, 1979, p. 252) |

‘ At the ‘present - trme the isstie of drscrete ‘versus contmuous models of mformatxon

processmg is hotly debated (Mrller 1982 1985 Reeve & Proctor 1984 1985)

-would seem therefore that the techmque of process 1solauon 1s as yet based on.

g unvenfred assumpuons about addmvrty and mdependence of processes (Pachella

: -1974) Untll sound and sophrstrcated cogmtrve theones of human mformatron

‘ processmg become avarlable attempts of construct vahdauon temain therefore more.';

‘ _or ‘less shots in the dark"
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In view of ‘the failure ‘to detect a cormimon, task independent speed of
prooessmg abthty in- Expenment 3, the success of the backward masking task m
Expenments 1 and 2 in drfferenuatmg top ranked from bottom ranked athletes,
mtght seem’ surprtsmg It should be realtzed, however, that contrary to many ‘tasks jin
Expenment 3. the backward masking task seems 10 be ‘relatlvely insensa‘r(rve to
subjectrve strategtes and spwd accuracy trade offs. The backward maskmg task,

therefore seems to be a very powerful tool to measure a tiasm speed of. processing

‘l‘actor AT C ‘ o

Nevertheless the tesent 'series of experiments are not compelling. One
_Q Pe pe

[

problem conoems the small number of subjects in Expertments 1 and 2. Clearly large -

‘ scale replrcatton expertments need to be conducted whtch test the speed of processmg
idea wtth drfferent kinds of subject\groups Athletes in the sporis of badmmton

: table-tenms lawn-tenms boxmg andv archery, for example would be prtme

\ [

c candtdates 10 be'ex med However sports are not the only acttvrtres which provide ' ‘
' excellent @ﬁe‘s to test, the valrdrty of the speed of processmg notion in . .

4

predtctrng performance success Oertam oecupatrons or. professrons such as prlots

t(matl) sorters bus dnvers and taxi-drivers would also be veg,smtable

v

‘ reas'oning Specrftcally. the rdea of construct vahdatton of the speed of processmg

notton seems somewhat c1rcular That is, the reasonmg behtnd the construct

_"vahdaﬁon attempt is stmrlar o the argument ”'If A then B so' B therefore A" whrch o
) is .logieally wrong In eoncnete terms even when a pattem of hrgh eorrelatrons was to‘ ‘

" be demonstrated between the several measures of speed it would be mcorrect to l
p&tulate that the exrstenee of a general spwd of msual mformatton processmg factor SR

was proven Tt could only be clarmed that the results were consrstent wrth or in‘.‘i,

'
f

Another more structural problem concems the potential danger of "circular -

- e
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N support of la éeneral speed of' pfooessihg ability, ‘x “

- The danger of circular reaSOnmg 1s also presen ___(Lexpenmems concemed thh
the crltenon valxdtty of the speed of pr0cessmg notlon (e. g, Expcnmems 1 and 2).

‘Tlﬁit is, any f; allure to fj md an- eff ect of speed of processmg as an 1mportant medtator

. in sktlled performance could be explamed by mvokmg some confoundmg variable",
U%ubtedly the overwhelmmgly comp;extty of human behavior allows for such
‘ »"es‘capes"_,ana illustrates the danger of Qverstmplifleauon by assigning superl status .
to the rate of processing notion ‘lt also illusttates the Hdifficulty 'whic-h accompanies
~ the attempt to predlcl complex behavnor from. a smgle v%nable ,In Keele and |
Hawkms (1982) words the task is rather formtdablc (p 16)

lt is hoped that the present study not only provides some mstght into the

"

ptoblems associated wnh this task, ‘but also’ ytelds a promtsmg dtrectton towards a

>

"'partxal solutton/TﬁéT“ xs the reSults of the present study in combmatton with the :
i l 1

studies of Gopher and Kahneman (1971}, Kahncman Ben-Ishai, and Lotan (1973)
and Kcele and Hawkms (1982), seem to suggest that other things belng equal speed

of attentton or. speed of vtsual mformatlon processmg ts an 1mportam determmant of

Skllled pcrfbrmance L | oo ‘ ‘.

-
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<t ', APPENDIX ONE

N e '
Order of movement conditions in reciprocal tapping task. .
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