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COGNITIVE PSYCHOLOGY: Thanorias 153

Theories

Phe primary goal of cognitive psychology 1s to provida
an understanding of wental sctivity via the nse of the
scizntifie method. Becanss meantal activity miediates be-
Lween stimuli prasented to a person and the person's
response, and {5 therefore vot dircelly observable, cog-
nidve science is heavily theory laden, Theories attempt
to provide an explanation of the results from a large
number of studles and to provide predictions that can
be directly tested. A good theory should reduce complex
behavior to a limlted set of principles that explain why
sume phenomena may accur in some clrcwmstances
#Nd may not occur in others. However, there are somea
general limitations to theories Lhat are noteworthy For
example, hecsuse most coonitve theory is based o ex-
parimentaton, in which indspendent variables are ma-
nipulated and their influence Is weasured on dependent
variables, there is always a limitslion of huilding the
maodel of the stucturss and processes intervening be-
fween the manipulations and behavior, In fact, Ander-
son {x47%) has argued that bebavioral data may not
allow one to distinguish belween theories thar assume
vary different representations and processes. Theories
miust then be gulded by other criteria such as parsi-
mony. effectiveness, gencrality, and securacy,
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Given the difieulty in cognitive theory development,
howy does one budld conlbdence ina theory? Conwerging
operations is a roethod that has been used extensively
Ly cognitive sclentists to discriminate among alterns-
tive theoretical accounts of perbiculer patteros of dats
{Garner, Hake, & Erlksen, 1o56). Converging operations
reflect the wse of two or more experimenial operatons
that eltminaie an allernative theoretcs] sceount of &
set of data, If Theory A is consistently supported after
being pilted sgainst ressonable competing theoretical
accounts of a set of data, then there s increased con-
fidence i1 Theors A.

Tn oorder for the reader o gain some appreciation for
copnitive theories, a brief overview of some of the the-
ovetical issues that have been addressed In cognitive
pavelialogy will presented, Obwiously, it would be lm-
possible to cover the richness of thenry development in
such a limited spoce, Therefove, we have chosen to pro
vide o briel overview of some of te theoretical lssues
that have stirred eontroversy In the field

Bottom-up Versus Interactive
Models of Pattern Recognbtion

Models of percepton attempt to explain, In large part,
Low polterns mee recogiized, Our intuitions might sug-
pesl the following “botlome-up" stream of events: pat-
[arne in I}'IP. environment aciivate BENEOTY FECepnVve BYs-
temie (.., ears-and eves) and these systems provide
signils thot are transformed nto higher-fevel represen-
Lattons that provide informuetion regarding the Identity
of a etimulns patiern. Por example, the pandemonium
roodel of letter recognitdon (Selfridee & Neisser, 1o6a0)
i3 & classic example of a boltom-up feature detection
model In which stimuli first activate a zet of featurs
detectors {e.g., vertical lines, horizontal lnes, obligue
patterns, diagonals), and these feature defeciors e
combined (o activate relevant letters {eo the letter B
wiould be actvated by the presence of three horizontal
lines and one vertical line). Ultmately, the most acd-
valed letler i selecled as the terget to report. Intersst-
Ingly, not long after Seliridge's theoretical modal was
introduced, results from electophysiclogical studies
pravided some converging evidence for {esinre-like dz-
tectors in nonhuman species (e.g., Hobel & Wiessl
1062),

Althotgh evidence for festure detectors exisis, and
the bottorn-up approach is intuitively appealing, thers
i5 also supporl for an eltérnative perspective, called the
interactive model, which assumes that patern recog-
mitisn is not simply controlled by the stmulus but is
gided hy preexisting memory representations. For ex
ample, one of the classie indings in eupport of an in-
teractive position is the word superiority effect, Le.. let-
lers ermbedded within words are better perceived than
letters embedded in nonwords or presented in Jzolation,
The theoretical conuodvum that this fuding pressnts

{s: How can the word representation iofluence the lot-
ters that meke up the word because the letters muast
have bean already tdentifled in ronte to recopnizing the
word? Thase findings led MeCieliand (1979) to proposc
that higher goder meotal cepresentations influence rec-
ognition via & processing cascade, Spectfically, early in
perception before lettar recognition liay ocourved, letler
units hegin receiving activation, and parlial actbration
is tansferred to higher-ovder representations [eg.,
words), These higher-order representations then' trans-
mit parttal actvation back down to the relevant letter
representations. which actually belps constrain the per:
ception of those letters,

The interactive parspectve with both bottom-up and
top down processes has been very Intluental becange it
suggests that the stimuolug is ool Lhe only source of
information, but rather the percetver adds Information
across thme to the stimulus informeation to conslewct the
perceplusl expertence, Tl precisely this tpe of added
information that pravides 2 way of nonderstanding per
ceptual uslons and potentlally memorles of evenls
that never accurred, Qur percepllons and memorkes in-
volve an elaborate Interaction hetween the external
stimulus and preexisting knowledge,

One of the major theovetical debates thet has nrisen
inthis ares 18 e cxlent to which theee are interactions
among distinct systems within the processing systant
According to the modular approach {e.g., Fodor, 19383),
there are dedicated systans that only provide feedfor
ward Information from |ower-level systerns to higher-
level apstems. On the other hand, some theorists believe
that there is abnost complete Intecactivily aeross sys-
tems Por example, an sred of research that has
amazsad A conslderable amount of emplrical and the-
gretical debate concerns the processes by which the ap-
proprigte weanings of ambiguons words sre resolved
in sentence contexts, The modular approach suggests
thet when processing an ambiguous word {e.g. the
word ergan can refor to musical tnsteument or bodily
argan), a prior sentance contaxt such as, “Che muslcian
plaped both the pianc and organ,” does not influence
which mesning becomes [nitislly activated (e, both
the muslcal instrumsent meantng and the body mean-
tmg of grgan would become inddally activated). In con-
lrast the infersctive approsch suszests that prior sen-
tence context should control which meaning becomes
initlally activated (i.e. galy the contextually relevant
mesning hecomes activaled). Althouph the original re-
gearch in rhis area strongly supported the medular ap-
proach, more recent wotle has indicated that a strong
zantenca contexwt can influsnce the initial interpratalion
of ambigugus Hnguistie structizres.

In swmmary, eoe goal of cognitive theory is to ex
plain how patterns are recognized. Early models were
primarily bottom-up processors, ie., from the sepsory
syilems W higher-leve] systems, Howoevern Whe resalls of



cognitive respareh and theory development suggest that
pallern recoguition is influenced by top-down concep-
tuzl proceszes that reflect the interactive natwe of the
processing architecture.

Attentional Selection:
Euarly ur Laie

One of the most difficult issucs thet copnitive scientists
hiave had Lo grapple with is how to empirically address
and rheoretically model human attention. For sxample,
hiw de people 8t o crowded party Ignore distracting
informatton and focus oo (e, attend o) une conver
sation? As lo pallern recognition, we all have Intuitlons
repurding nttention, bt bow does one develop a theory
of attention based oo experiments] studies? Research-
ers lave used metwphors gnch ag attentional filters,
pwiteher, veservolis of capacity, spotlghls, exccutive
processors. aud many others, Althongh attention ve
sesrel altimately tonches on all areas of coguitive psy-
cholopgy, most researchers work ou spectfe aspects of
pitentlon such ay the Tocus of attentional selection, it
velullenship 1o cemsclousness. and aspects of allen-
Henal rontrol and nutomaticity.

Much of the carly theoretical debate focused oo the
cilenl do which nnattended stimuoll ae processed. Barly
selection models postuloted that selection oecurs at a
redatively garly level in the system, before meaning has
been extravted, The initial support for this notion was
classic studias using the dichotic listeaing task in which
listeners were given a very demanding primary task to
one ear (verbally repeating the Information presented
ever beadphones, 1e., shadowing), while (nformation
wax simultaneonsly presented to the wher ear (eg,
Cheery, 1953). The resulls suggesied thar participants
neticed little of thwe Information presented to the uo-
atlended sar, ep, did not even potice a switch 1o a
different Janguage. However, reseerchers soon realized
that attentional selectivn wes not an all-or-none phe.
Atmenon. For example, H one is presented with a
highly relevant stimulns i the wnatended chanmel
{such as the person's mame), then in fact the person
vomld recall information presenied to the unattendsd
channel (Moray, 1959). Returning to the crowded party
example presented earlier, ope would be ahle o fune
oul mest of the otlier conversstions at the party; but ff
one hears something that 1s bighly relevant w the per-
son {e:g, his or ber own name), then it is kely that
the person would attend o this information. Hence,
although it eppears that there may be some =ttenua-
limm of unattended nformation, it 5 still possible for
e sigmal to get through, and such & signal can push
highty relevant stimull vver the threshold, The topic of
atlenttonal selection has invoked rather widespread in-
lerest ot only In studies of healthy young adults, hut
algo in the neuropsychelugical literature, hacauss v
s0ua patient populslions (such az attention defcit dis-
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orders and schizophrenia), there may he a brealdown
in ihe amount of informadon gettng Intg the system
fi.e, a breakdown in the attentional selection system),
thereby overleading any limited capaclty aspect of Lhe
processing system.

Related to the issue of attentlonal selection is the
conitral of attention. Again, our lotuitions would sug-
gest that we have control over what we attend. Heow-
ever, researchers have become interested in situations
where affects of variables are oulside of the Individual's
atlentional control, One classle example of this is the
Stroop task, whereln one Is asked 1o name the color
that werds are printed In. When words are printed in
incongrieent colors, &g, the word red printed i hlae,
there is considerable slowdown in color naming, com-
parcd o neming the color of a neutral word such as
rum, Some researchers have argued thal chis ntertae
etce doeurs because words Invoke a qualitatively dis-
tnet type of processing, referved to as aulomalic Qo
essing, in which words automatically acttvate thelr
meaning (outside of attentlonal control), mad this su-
tomatle processing produces conflict whes the color
and word Information ave laconststent. Automatic pro-
cesses refleet those processes that are well practiced and
under consistent stimulusto response mappings, 6.4,
the processing of the weaning of the wiwd bus 15 con-
sistent and highly processed, Besause thess processes
bave in some sense hean wired Into the system, they
are outslde the scope of attentlonal coutrol, Rexearch-
ers have addressed theovetleally lateresfing questiong
regarding the development of automatielty such as the
role of cansclons control, the Hme course, the Influcnee
of practice, and even the neurophysiological substrates,
Thus, the distincdon belween automatic and atten-
tinnal cuntral processes has been a central theme in
eurrent theory devalopment,

Separate Versus Unitary Memory Systems

ur intuitions wonld suggest that thers arg 8 number
of disdner typas of memory systems. For examnple, re:
bearsing = telephone number unlll if is disled seems to
be guite distinet rom recalling whet ong had for break-
[ast, which also ssems quite distinet from providing the
definitlon of the low-frequency word ol from memaory,
Indeed, there is a rich history of mamaory research that
has bean viewad as supporting distnct types of mem-
ory syatems such as short-term, long-term, iuplicit, ex-
plicit, stc, Ars thess types of memory reflective of dis-
loct memory syslems or 4re thﬁjr hest understood in
terms of a single system that utilizes different pro-
cesses? The debate over memory types has had a long
tradition In cognitive psychology: For example, Atkin-
sone mnd Shilltin (1968) introduced an information-
processing model comprised of sensory, shorl-term, and
long-term memory stores. However, shortly thereafter,
Craik and Lockheart (1gya) advancad a unitary view
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of memory referred to as depth of processing. The idea
was that the level at which information is initially proc
essed delermines how well it will be enceded in mem-
ory, Memory for information processed at a shallow
level (e.g. visual features) differs from memory proc-
essed ol & deep (e, meaning) level. Thus. the distine-
tton between short- and long-terim memory could alsa
be viewed a3 a distinction between difercct types of
provesses thal vary in the guality of memory-trace
strenpih.

In addition by the disinetion between shorl- and
lomp-term memory svstems, distinctions have been
made between declarative/explicit (divectly recollecting
an eoclter experience) end  procedursl/implicy (the
henefit from an earller exposure to & stimulng on an
Indirect measare) memory systerns. For example, ma-
pdpuletions of eovoding condition tat lead wow partic-
ular result on explicht measures (e.g., recall of a list of
words) can produce opposite effects on bmplicit mea-
sures (eg., pereeplue] dentlcation of a visually de-
praded word) (eg., Jacoby, 1983}, These dissociations
wrould appear to support distinct memory systems,
However, this evidence wos challenged by Roediger,
Wieldon, und Challls {1984q), who argusd that many of
the dissociations that appear in the Hterature could
aleo be accommodated within the transfer-appropdate-
processing (TAP) funework. This spprosch empha-
stees the match between encoding operations and re-
Lrteval operations, They noted that studies of Implicit
memeory often emphasized dota-driven processes,
whereas studies of explicit memory often emphasized
conceptually driven processes, They also arpued thar o
dissnciations were the criterion for separate systems,
we would need roany more than just two or three dis-
tinct systems.

Finally, even the dissoctation between shstract cate
pory information and individual episodic expericaces
has been challenged. Specilically, Posner and Kesle
[T968), among others, have argued for a distinet rep-
resentation [or prototypes/categories (eg. dog. which
represent the comimen atlribules of members within a
category, .g., collie, poodle, beagle). More recent work
by Hintzman (1686) and Barsalon (1goz) has demon-
strated that the evidence in suppoert of gualitativaly dis-
linct representations for instances and catesories can
be accommodated by a model that assumes only cns
type of instance besed memory sysfem. Thase theorisis
argus that the apparent distinction betwesn category
and instances falls guite naturally from corcelstions
among Wb leatares soross members within & categary.
That 13, collies, poodles, and beagles all have four logs,
bark, have fur, arc good pels, el 1t s the similariy
across these [ealures that produces the dog category:

Although there is still theoretical debate regarding dis-
tinct memory systems versus distinet processing engaped
by different tasks, it is important to note that there is evi-

dence for some memaory-system distinctions. For exarn-
ple. resulis indicate that amnesics pecform poorly on ex-
plicit memaory tasks, while thelr performance on implicit
tasis [z ofter normal. Thus, the lesion produced in these
Individuals would appear to be primarily affscting one
svstemn whils leaving the other system intact (Squire,
1587). Moreover, evidence from brain-imaging studies 1=
beginning to provide evidence for distinct memory gys.
tems {Nyperg, Cabeza, & Tulving, 1596), Thus, although
it is clearly the case that sume memory-system dissocta-
tinns are more apparent than real, 1t 1s also the case that
some system dissoclations are in fact veal,

Analog Yersus Propositional
Representations of Mental Images

Hutmans have Title difficully imagining sttmult that are
typleally percetved vta the senses, For example, we have
little dificulty lmagining a shiny red apple or 8 yellow
gebhicol bus, The theoretieal Issue that has concerned e
searchersin this area 15 the form ol representation to pen-
erate these images. For example, do mental ltwges de-
mand o gualitatively different form of representation
than the representation that we use to process language?

One popular notion of Lmagety poslts thal the men-
tal code retalons the spatlsl and sensory propectles of
the external stomill we percelve In analog form, For
example, an analog representation of the neighbochood
In which we live would preserve the relative distunces
between honses and their sizes Aceordingly, tha tima
it tukes to mentally scan between two objects in a men-
tal Image should retleer their relative distance to cach
other. Many experbnents have demonslrated this ko he
the case (g, Kosslyn & Pomerants, 1977), The alter-
nativa visw of Imagery posits that mental mages e
repressnted as abstract propositions. According Lo this
account, mentel mages, languepe, snd other nfor-
mution relies an ona primitive code that the brain nges
o process all rppes of information (6., The Lunguage of
Theught. Pador, 1975). The generation of images occurs
after this primitive code is accessed.

Becently there has been some progress In this the-
oretical debate. Much of the support has actually
arisen rom smdies of the newrepsyehological under-
pinnines of mental imagsry. Por example; Kosslyn,
Thompson, Kim, and Albert (rygs) have demon-
stratad, via brain-imaging studles, thar not only do wi-
sual fmages activate areas of the brain dedicated to
visual processing, but activations within neural sys-
tems across perceptlon and imagery appear to be cob-
related across stimall that vary in size. Thus, there
appears to be a link between the neural systems that
underlis imaszery and the actual visual perception of
the stmulas. Moccover, studies of individuals with
hrain lesions have produced dissociations between dif-
ferent aspects of wisual imagery such as the spatial
versus the visual nature of the imape (g, Mfaral,



Hammond, Levioe, & Calvenie. 1988) Thus, it is
clear thar important constraints have been placed on
theeries of visuel imagery besed on both behavieral
and neurnpsychological evidence,

Connectionist Versus Symhbolic
Representations

One ssue Lhal has recenlly received 8 considersble
pmount of attention is the level of description needed
far models of higher-level cogniton suck: as languege
processing and problem solving, For example, how
might one bulld o theory of orthography, phonology. or
syatax within a language? Baged on lnpguistic theory,
pac might assume a set of rules that specify how the
constibuents can be combined within & langusge. For
exomple, & rale might specify that the vowel thar pre
veded the letter "e” ot the end of o word, as in gave,
shonld be elonpated. Surh rmiles provide a descriptive
peceunt of many phenomena o language processing,
Unforbcately, s bnomost rules, there e many excep-
tiong. Vor example, according to the above role, the
word have should be pronounced differently. Thus, lin-
ITAREINTR models are oflen forced Lo |H‘U'r']':31: 4 scparnle
processing roufe for such exceptions.

Within the past decade, there has been an locreased
appreciplion for an olternative wey of modeling aspects
of hirman aopnition, Le, conneclionist mipdeling. Con-
nectionist models typlcally assumes a relatively simple
aet of processing units that are o distinct lavers. with
all the processlog wnits within e laver connected to all
the processing unils In sdjseent layers, These models
do not assume any rules, and are mathematically spec-
itted. Kncwledge of a doreain s contained in the values
of welghted connectpns linking units that ere either
Luilt Inta the madels or are adiusted according to a
pradual learning alporithm that npdates activation pat-
terns based on the freguency of exposure to a given
stimulus and the devistion of the correct response Lo
the cnrrent outpat. Interestingly, the ceneral principles
of connectionist modeling have been used to account
for many pspects of copnilive processes (Lo, patiern
recopuition, speech production, category lesening).

(learly there has been some tension betwseen svm-
bolte rulebesed theories and connectionist theories
(e.g., Podor & Pylyshyn, v988). One micht argue that
the symbolic models reflect the frst wave of comitive
thenrzing, These models mre offen metaphorical in na-
baee, e, performiance van be modeled by a specific set
ol stages and a specific set of vules at sach stage, These
models remain central in current theores of human
vopmition. Oun the other hand, conpectionist models
have a Tevel of computationsl sperificity that is guite
appesling, Moreover, there iz at least some gense of
ncural plausibility within such connectionist models
{l.es, the simple processing units have some surfzce level
resemblance to nenrons, whereas rales are difficult to

COGNITIVE PSYCHOLOGY: Theories

envisage within a seural network), Ultmately, the ad
equacy of such models may le in their ability Lo pro-
vide new insights into understanding a set of emplrical
ohservations. Because both types of medels have ed-
vaotages, it g likely that both frst wave metaphorical
models, and second wave conneclionist models will
contnue to be central to theoretical acconnts of hu-
mun coprition (Spieler & Balota, 1997).

Snmmary

The present article provides a brief overview of o few
of the theoretical controversies and tssues thal have
been the focus of theory development in cognitive psy-
cholopy. In each of these aredss we have shiown how
basic research [n cogaltlve psycholozy has allowed one
ta distinnguish between alternative theories, Cognitive
poychology has made consliderably progress in unders-
standing mental activity and I8 now in the excellent
positton of taking advanteys of new technologles (eg..
connectlonlst modeling, neurolmaging) to provida fm-
portant advances n theory development,
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Research Methods

The methods used by cognitive peychologists have been
develeped to experbmentally teass apart mental operas
Hons. At the opset, it should be noted that copnitve
peychologists rely most heavily on the expefimental
method, in which independent variables are manipu.
lated and dependent variables are messured to provids
insights into the cognitive architecture. In order to sta-
tistically evalunate the results from such cyperiments,
nogaitive researchers rely on standard hypothesis rest-
ing, along with inferential statistics (eg. anailyses of
vartanee} to provide estimates of the lkelhood of 2
particular pattern of resulis neoureing ¥ they were oc-
curring only by chance;

The methodological tocls that cognitive psychalo-
gigts use depend in large part upon the area of studs
Thus, we provide an overview of the metheds used in

ory, attention, and language processing. along with
some discussion of methiods that cul across these areas,

Perceptual Methods

Puring the initial stage of stimulus processing, an in-
dividual ercodes/parceives the stimulus. Bncoding can
be viewad as the process of translating the sensory en-
crgy of & stimulus into 8 meaningfnl pattern, However:
before & stimublus can be encoded, & minimiam or
threshold amount of scosury energy Is requirad to de-
teet Lhat stimulug, In psychophysics. the method of -
its and the methoed of constant stimuli have been used
to determlne seosory Lthreesholls, I'he method of llmits
wonverges on sensory thresholds by using sub- aid su-
prathresheld intenstties of stimuli, Feom these anchor
points, the lntensity of astimulis ts gradually Inereased
or decreaved antil it 1 ae its senscry threshold und is
Just detectable by the parlicipanl, fe pontesst, the
method of conslunt stimull converpss on 8 seosory
theeshold by using a serles of trials In which partiel-
pante declde whether a stinulus wus peessenlad or not,
and the cxperlmenter vartes the Inlensity of the sthn-
ulus. At the sensory threshold, particlpants ave al
chance of discriminating between the preseoce and ab-
sence of a stlmulus,

Although sensory threshold procedures have been
impartant, thesa methods tall to recognlze the role of
nonsensory factors in sthmolos processing, Thus signal
detection theory wes developed to take Into account
un individual's blases In responding to a given signal
in a partleular context (Creen & Swels, 1966) The no-
tion I that target stimull peoduee some slgnal that i
always wvailahle in 2 backpround of noise and that the
paynffs for hits (corvectly responding "yes" when the
somulns is presented) and correct rejections (covrectly
responding “shsent” when the straulus is not pre-
sanfad} modufate the likelihood of an Individoal re-
porting that a stimudus &5 present or ahsent;, One ex-
ample of this hes bhesn & somar operator b a
submarine hearlng signals that could be nterpreted as
an enemy ship or background noise. Hecanse it iz very
important todetect & signal in this sitnation, the sonar
oparator may be biaged to say “wes" another ship ls
pres=ot, even when the stimuluy intensity is very low
and could just be hackgronnd notse. This bias will not
oniy lead to 2 high bii probability, but it will alsy lead
to 2 high false-alarm probability (ie., lncorrectly re-
porting that a ship i3 there when there is only nolsel,
Stemal detection theory allows rescarchers tn tease
apart the seositivity that the partlelpant has in dis-
criminating hetween slgnal and signal plus noise dis-
tributions (reflectsd by changes in = statistlc called d
prime) and any bias thal the individual may bring into
tha decision making situation (reflected by changes in
a statistic called beta).



