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Research Methods

The wetheds used hy cognitive pevehologists have bean
developed to experimentally tease apart mentsl opera-
tions. At the onsel, it should be noted thar cognitive
bavchologists rely most heavtdy on the experimental
method, In which independent varisbles are manim-
lated and dependent varishles ara measured to provide
insights into the cognitive architectors; In order to sta-
Hstically evaluate the results rom such expariments,
cognitive researchers rely on standard hypothesis test-
ing, along with inferential statistics (eg., enalyses of
varlance} to provide estimates of the ltkelithood of a
particular paltern of results ocourring # they were oc-
vurring only by chance,

The methodological Leols that cosnitive psycholo-
gists use depend In large part upon the area of study.
Thus. we provide an overview of the methods nsed in
# number of distinet aress including perception, mem-

ory, attention, and language processing, along with
some discussion of methods that cut acroes these areas,

FPerceptual Methods

During the nitisl stage of stmulus processing, an in-
dividual encodes/percelves the stirnulus. Eneoding can
be viewed as the process of translating the sensory en-
arpy of & stimulus mto 2 meantngtal pattern, However,
before a stimulus can be enceded, s mnimum o
threshold emount of sensory enevgy ls veguired to de-
tect that stimulug, In psyehophysics, the method of lim-
its and the methed of constant stimult have been used
to deteemine sensory threshalds, The method of lunkts
converges on sensory thresholds by using sub- and su-
prathreshold ntensities of stimuli. Trom these anclior
points, the intensity of a stmulus bs gradually lncrensd
or decreased untl It 1s at its sensory threshold and 1s
just detectable by the parteipant. In contrast, the
method of constunt stimull converges on 4 sewsory
theeshold by using a serles of tolals ln which parial-
pants declde whether a stmulus was prasented or not,
wiedl the experimenter varles the Intensity of the allin-
ulizs, At the sensory threshold, particlpanls wre at
chance of discriminating between the presence and ab-
sence of @ stimulus,

Although sensory threshold procedures hawe been
Important, thess methods fall to reeopnize the role of
nonsensory factors In stimolos processing, Thus signal
detection thenry was developed to take into account
an individual’'s blases in vespending to & given stonal
In a particular context [Green & Swets, 1966), The no-
tion 1= thet targel stimull produce some signal that s
slwags avallable in a background of noise and that the
payoffs for hits (corvectly responding “ves" when the
stimulus Is presented) and correct relections {oorrectly
responding “ahsent” when the stimulus f8 ol pre-
sented) modulate the Lkelbood of an individual re-
porting that & stimulus is present or absent, One ex-
smple of thiz has been 2 sonar operator In &
sibrarine hearing signals that could ba inlerpratad as
an enemy ship or background nolse, Decanse it is very
impariant to detect a signal in this situation, the sonar
operator may be biased to say "yes" another ship is
present, even when the stimulus intensity is very low
znd conld just be background noise. This bias will not
only l=ad to a high hit probebility, bat it will also lead
to = high [zlse-slarm probabillty (Le., iocorrectly re-
porting that a ship is there when there s only noisel.
Signal detecton theory allows ressarchers to tease
apart the sensitivity that the participant has in dis-
criminating betwsen signal and signal plus nolse dis-
wibutions (reflected by changes In a stattste called d
prima) and any bias that the individual may bring luto
the decision making situation {reflected hy chanpes In
a stetistic called betal.



Sipnal detection theory has been used 1o illusoste
the independent roles of siznal sirength and responsa
hiag not enly in perceptual experiments, but also n
ather domaing such ay memory and decision making,
Vonsistent with the distinction between sensitivity and
bias, varlables such as subject motivation and the pra-
portion of signal trials have been shown to influence
the plecement of the decision criterion but net the dis-
1ance between the sipnal phes nofse and nofse distri-
butions on the sensory emergy scale. On the other
hand, variahles sweh as stmulos intensity have been
shown to hyluence the distance between the signal plus
notse wnd nolse distebolions but not the placement of
the decislon criterton.

Memory Methods

e of the fivst studies of hwnon cognition was the
worle of lhbinghaus (18Rs/1914) who demonstrated
that one could experimentally investigate distinct as-
pects of memory, Gne of the metheds that Ebbingliaus
developed  was the sevings-in-lesrning technigue In
which he stndied lists of nonsense syllables {e.g., puv)
o a erlierion of perfect recitation, Memory was defined
ag the reduction in the nomher of trials necessary to
elenrn o list relative to the number of trlals necessary
to st learn o list. Sioee the worle of Bbbinglius, there
bis been considerable development in the methods used
to stndy memory.

Researchers often attempt to distinguish betwesp
three different aspects of memeory: cncoding {the initisl
storape of information), retention (the delay between
storape and the use of information), and retrieval (the
aceess of the eavlier stoved Information). For cxample,
one way of investipating encoding processes is to ma-
nipnlate the participants’ expectancles. In an inten-
tinnal memory tash, partcipants are explicitly told that
ey will reeeive & memory lest. In contrssi, during an
incidental memory test, participants are given a sec-
andary task that may vary with respect to the types of
processes engaged (e.g. making a deep semanlic deci-
gicnl aboul 8 word versus simply counting the letisrs).
Hyde and Jenlins (1969) found that both the intenton.
ality of learning and the type of encoding during fu-
ridental memory tasks influenced later memory parior-
MAnCe.

Stadies of the retention of information most ofien
involve varying the delay between study end test o
vestigate the influences of the passage of fime on
memary performance, However, ressarchers soon real-
ized that it is oot sioply the passage of tme that is
important but also whet cccurs during the passape of
time, In order to address the influence of interfering
inlormation, researchers developed retroactive nterfer-
ence paradigios, o which the similarity of the infor-
maticn presented during & retention Interval was ma-
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oipulated. Besults from such studies indicate ihat
intarference is a powerlul modulater of memory per-
formance (see Anderson & Neely, Tan6. for a revisw),

There are two general classes of methods used in
memory research to tap inlo retrieval processss, On an
explicit memory test, the particlpants are presented a
list of materials during an encoding stage, and &t some
later puint in time they are given a test la which they
are asked to retrieve the earlier presented matectal,
There are three common measures of expliclt memory;
recall, recogaltion, and cued recall. During a reeal] fea1
{akin w a classroom essay besl), participants attempt to
rememhber material presented earlier elther in the ovder
that It was presented (serlal vecall) or In uny ardar (fres
recall). Researchers often compare the ocder of infoe-
mation during recall to the initial order of preseulatton
(sertal recall functions) and also the organtzational
strategles that Individuals Invoke duclng the vetrleval
process (measures of subjective organlzation and clus-
tering). In order W investigaie more complex matectals
such ag storles and discourss processing, reseavelers
sometimes meagure the propositonal straclure of Lhe
recalled Informuetion. The notlon s that In order to
comprehend o story, Individuals rely on a network of
interconoected propositlons. A proposilon fy g Dexthl:
rupresentation of a sentende st conlalng 2 predicats
{#.p., an adjective or a verh) and an argumeant (a.g., 4
noun of a pronoun}). By locking at the recall of the
propositions, one can provide Insights nto the repee-
sentation that the individoals may have gleaned from
a story (Kintsch & van Dijk, 1978)

Of course, there may be memeories avalloble that the
individesl may not be sble to produce tn a [ree recall
test. Thus, researchers sometimes employ a cued vecall
test, which is quite similar to free recall, with the ex-
ception that the participant 1s provided with a cue el
the Bme of recall that may aid in the retrigval of the
informarion that was presentad earller. In a recopnition
task (akin to a classroom multiple cholce test), partic-
ipsnts gre given the informelon presented eaclier and
are asked to discriminats this information from new
information, The two most common types of tecogni-
thon tests are the foreed choice recognition test and the
frez choice or yes/no recognition test. On a8 forced
cheice recognition test, a particlpant chooses which of
two or more iems is old. Oo e res/oo recognltion test,
a perticipant indicates whether each item in a largs see
of Items {s old or new.

A sscond general class of memory tests has some
similarity to Ebbimghsus's classic sevings methed.
Theze are called implicit memary tasts. The distinauish-
ing aspect of implicit tests i that participants are not
dircedy asked to recollect an earlier episode, Rather
participants are asked o enpaee in 8 lesk where per-
formance often bensfits from earlier exposuare to tha
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stimulns itemns. For example, participants might be pre-
sented with a lst of words (e.g. elephant. ibrary, as-
sagsin) to name aloud during encoding, and then later
they would be presented with a list of word fragments
feg., de _w ) or word stems (g, cle—) o com-
pleta. Some of these frapments or stems might raflect
earlier presented items while others may reflect new
Hems, In Lhls way, coe can measure the benebt (elso
called priming) of previons exposure to the items com-
pared Lo oovel items Interestingly, amnpesics ave olten
unlmpaired in such implicit memory tests, while show-
inpg considerable Impalrment in explicit memory tests,
such ag free recall,

Chronometvie Methoils

In nddition to relying on experiments to discriminate
among mental operatlons, cognitive psychologists have
attempted to provide (nformarion regarding the speed
of mentel operations, Interestingly, this work began
over g ocenlury gpo with e work of Donders (1868/
ro6g) who was the first to use reaction tmes to mea-
sure the speed of mentnl operations. In an attempt to
balaate e speed of mental processes, Donders deyel-
nped nosel of respomss tme tasks that would appear to
differ only In a simple component of processing. For
expmple, task A might require Process 1 (sthnulus en-
codlng), whercas, tasl B might requice Process 1 (stim-
nhe encoding) and Process 2 (bnary decislon). Ac-
cording to Donder's subtractive method. cognitive
aperations can be added and removed without inflo-
encing olther copnilive operations. This has been re-
ferred to as the assnmption of pure ineertion and de-
letion. In the previous example, the duration of the
binary declston process can be estimated by subtracting
the redction time in task A from the resction tme in
taslk B.

Sternberg (969) pointed out thet the pure inseriion
wasumplions of subtraciive factors have some inherent
difficulties, For example, it is poesible that the spesd of
4 given process might change when coupled with other
processes. Therelore, one cennot provide a pure ssd-
mate of the speed of a given process. As an alternative,
Sternberg introduced additive factors logic. Aceording
to addilive fuctors logic, if & tesk containg disfinet oro-
cesses, there should be variables that selectively influ-
ence the speed of each process, Thos, U two varisbles
influence different processes, their effects shonld be sta-
Hetically additive. However, f two verizbles influsnce
the same process, their eifcels should statisticslly inter-
act. In this way, additive factor metheds allow one tg
uee studies of respouse latency to provide information
tegarding the scquence of stapes and the manner In
which such processes are influenced by independent
variables.

Unfortunetely, even additive factors logic has some
difficulties. Specifically, additive factors logic works

one azsumes 3 digcrate serial stage model of informa-
Hon processing in which the oulpul of a8 processing
stage is not passed on to the next stage until that stage
is complete. However, there is a second class of models
that assume that the oulput of a glven stape can hepin
exerting an Influsnce on the next stage of procesalog
before completion. These are called cascade models ta
capture the notion that the fiow of mental processes
{ltke a stream over multiple stones) can cccur stul-
Lanvously across mulliple stapes. MoClalland {1979) hag
shown that If one assumes 4 cascade model, then one
cannot use addidwve factors logle to unequlvocally de-
termine the locus of Lhe effects of Independent varla-
bles.

One cannot constder reaction tme measures with-
oul considering securscy because thers 15 an Inherent
tradeoll between speed and accuracy, Speciically, mosl
behaviors ave less accurate when compleled Loo quickly
(e.p., consider the danger #assoctated with driving too
fast, or the errorz associated with solving o set of oe-
{thmetic problems under thne demands). Mosl cheon-
cnetele researchery ullempl to ensiee that acenracy 15
quite high, most often abova go% covrect, thereby -
fmizing the concern about accuracy, Howover, Pachella
(1974) has developed an ldealizad spesd-acenracy
tradenll function that pravides estimates of changes In
speed across condittons and how such changes might
relate to changes ln acouracy, The buporlance of Pach-
elle's work is that at some lncatlons of the spead-
accuracy radeoff functon, very emall changes in ac-
curacy can lead to large changes ln response falency
and vice versa. More recently, researchers have capi-
talived on the relation betwean speed and accurasy to
empirically obtaln sstimates of speed-zcowracy lunc-
tions across different conditlons. In these deadline ex-
periments, participants sre given a probe that signals
the participant to termlnate processing at a given point
in Hme By varving the delay of the deadline, onc can
track changes in the speed-accuracy finction across
conditions and thereby determineg i an sffact of a var-
fable iz in encoding and/or retrieval of Information (see
Meper, Oaman, Trwin, & Yantiz, 1gR&, for a review).

It is important to note that although the temporal
dymamics of virtually all cognltive processes can (and
probebly should) be measured, studies of attention and
lanzuage procassing are the areas that have velied most
beavily oo chronomettic methods, For example, in the
arva of word recognition, researchers have used the
lexical decision task (participants malee word/nonword
jodgments) and speeded neming performance (specd
taken to hegin the overt pronunclation of a word) fo
devalop medels of word recognition. These studies have
locked at vartables such as the [réguency of the sim-
ulus {a.p., orh versus dog), the concrateness of the stim-
ulus (a.g, fatth varsus trucl), or the syntactic class
{c.g.. dog versus run). In addition, eye-tracking meth-



pds have heen developed that allow one 1o messurs
how loog the reader is looking st a partienlar word
je.g., fxation and gare measures) while they are en-
paged in more natural reeding, Gye-tracking methods
have allowed important insights inte the semantic &nd
syntactic processes thal modulate the speed of recog-
nizing and integrating a word with other words in the
surrounding text.

Researchers in the area of attention have also relicd
quite heavily on speeded tasks. For example, two com-
mon technigues i wltenton research are interference
paradigms and cuelnp paradigms. In interference par-
ndignis, at least two stimull are presented that compete
Mo culpul. A classic example of this {5 the Stroop task
in which & person is asked to name the ink color of a
printed word, Under conditons of contlict, that is,
when e word green {5 printed in red ok, there is a
conskderable Incvease In response latency compared to
nonconflict conditions (e.p., the word deep printed in
resd ink), In the second class of speeded sitention tasks,
Individuals ave preseoted with visial coee to orient at-
lention to spectfic locations in the visual field, A target
s either presented at that locotion or at o dfferent lo-
catlon. The difference bn response latency to cued and
uncued largets is used o measure the effectivencss of
e ullentiomal cue,

Cross-Population Siudies

Although copnitive peyveheloplsts rely most beavily on
college stndents as their target sample, there is an in-
credaring interest in studylng cognitive operations across
quite distinct populstions, Uor example, there ore stud-
ies of cognition from early childhood to older adulthood
that attempt to trace developmental changes in specific
uperations such as memory, eitention, and language
processing. In edditfon, there are studies of special pop-
ulations that may have a breakdown in a particular
cognitive operation. Specifically, there hus been consid-
erable work atterpting to nnderstand the attentionsl
breakdowns thet oconr in schizophrenia and the mem-
ory breakdowns that gecnr n Aldheimer's dissase,
Thus, researchers bave begun to explors distinct pop-
ulations to provide further leverage in isolating cogni-
Live activily

Uase Stadics

After @ truuma o the hrain, there are sometimes break-
downs In apparently isolated components of coznitive
performance. Thus, cne may provide insights into the
copgnttive architecture by studying these individuals and
the degree 1o which such cognitive processes are iso-
luted, For example, there i the classic case of H M in
Mernery research. H M are the initials of an ndividual
who, hecause of an operation to relieve epilepsy, ac-
guired severe memory loss oo explicit tests, slthough
berformance on implicit memory tests was relatively io-
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tact. In addition, there are classic dissociatlons across
individuals with different tvpes of lansuage break-
dnwns. For example, Broca's aphasics have relatively
spared coingrehiension processes but difficuity produce

_ing fluent speech, In contrast, Wernicke's aphasics have

fmpaired comprehension processes but relatively Auent
speach production.

Measures of Brain Activity

With the increasing technics] sophistication from the
neurosciences, there has been an influx of studies that
measure the correlates of mentsl wethriby In the brain
{Posner & Raichle, 1994}, Although there mie other
methods that are available, we will only review the
three most common here. The first 15 the evoked poten-
tigl method. In this method, the veseavcher muensures
the electrical activity of systems of neurons (Le,, braln
waves) as the Individual 1s enpaped In some copnitive
task, This procadure has excellent tetpural resnlation,
but the specitic locus In the brain that Is producing the
actlvity can be celatively equivacal,

An approach that has much better spotlal resolittion
is positron emisslon tomogeaphy (PET). In this ap-
proach, the individual recelves an injection of o radl-
asetive |sotape that emlts signals that are meusured by
A scanner. The notion ls that there will be Inceeased
blood fow (which careles the lsatope) to the most active
areis of the braln, In this way, one can {solate mental
operations by measuring braln activity under specific
task demands. Typically, these scans involve whont a
minute of some form of cognitlve processing (e.p., pen-
craling verbs to nouns), which s compared to other
scang that involve some other cognitive process (e.g.
reading nouns aloud). Given the window of thne nee-
sssary for such scans, the PET approach has some oh-
vicus temporal limitations,

A third mare recent approach 1s unctional magnetle
resopance imaging (IMRI). This procedure ls less inva-
sive because 1t does not involve a radioactive Injection,
Muoreover, there has heen some progress made i this
area, which suggests that one can look at a maore fine
grained temporal resolution ln IMRT, at lesst compared
to PET technigues. [ltimatsly, the wedding of evoleed
potential and MIAD slgnals may provide the necessary
temporal apd spatial resolution of the newrsl signals
that underlie copnilive processes.

Computational Modeling

Most models of cognition, although grounded in the
experimentsl method, are metaphorical and noncom-
putational in nature, e.g., short-term versud long-term
memory stores, However, there Is alsu an important
method o coguifive psychology that uses computation-
ally explicit modals, One exampls of this approach i
connactionlst/neural network modeling in which rela-
tively simple processing units are olicn layered in s

1AL
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highly interconpectsd network (Rumelhsrt & Me
Clelland, T98G). Activation patleros scross the simple
processing units are computationally tracked ecross
Hme to make specific predictions regarding the effacts
of stimulus and task manipulations. Computational
models are wsed by 8 oumber of ways to better under
stand the cogaitive architecture. First. these models
force ressuichers to he very explicit regarding the un-
detlylug assumptions of metaphorical models. Second,
these models often can be used to help explain differ-
ences across conditions. Specifically, if a manipulation
bas a glven effect in the data, then one may be able to
trace Lhal effect In the architecture withia the model,
Third, thege models can provide Important lusights into
different ways of viewing a given set of duta. For ex-
mnple, a2 noted earlier, McClelland (1979) demon-
slrated that casoadic wodels can handle data that wers
inttially viewed us supportive of seral stuge models.

Snmmary

The goal of this article is to provide an encapsulated
teview of some of the methods that cognitive paychal-
oglals nee to betler understand mental operations. Ite-
searchers lu cognitive psychology bave develaped g set
of rescarch (ools that are almost us rich and diverse ws
copnltinn el
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