FACTORS INFLUENCING SPEED AND ACCURACY OF WORD RECOGNITIONl

Richard C. Atkinson and James F. Juola
Stanford University

Stanford, California 94305

Paper presented at the Fourth International Symposium on Attention and
Performance held at the University of Coloradec, Boulder, Colorado,
August 16-21, 1971.

Reproduction in Whole or in Part is Permitted for

any Purpose of the United States Government







Table of Contents

Abstract « v ¢ o b i e 4 s s e s e o 4 s e aa e s s
Introduction + o + & e o « o o s 6 s 4 s ¢ & o o o o
A Prototype Experiment . . . o « o & o 4 ¢ o o 2 a .

Effects of Varying the Length c¢f the Target Set , .

A Model for Recognition . o « o o« « o o o o o o o «
Theoretical Predictions for the List-length Study .

Effects of Similarity of Distractors to Target Words
- Frequency, Concreteness, and Number of Syllables .
Repression Effects on Recognition Latency . . . . .
Recognition Latency fer Words in & Semantice Hierarchy
Summary and Conclusiong ,., s e s 4 8 e ¢ o oo w 6

References . . o s o o o o &« o & v 2 o o 8 o 0.0 s o

Page

16_
23
2l
27
30
33
38







ABSTRACT

Seven experiments, designed to investigate the effects of various
factors on word recognition, are reported. ¥For each experiment the
subject memorized a list of from 16 to 54 words and then was tested with
a sequence of single words; each test involved either a target word
(member of the list) or distractor word (not on the memorized list). In
response to each test word the subject pressed one of two keys, indicating
whether the word was a target or a distractor. Response latency was shown
to depend upon the number of prior tesis on a given Word.(EXperiment 1)
and the length of the target list (Experiment 2). Experiments 3 and 6
demonstrated that response latency to a target word can be decreased by
repeating the word in the study list or by otherwise making certain words
more saiient, Experiments 4, 5, and 7 showed that response latency was
affected by similarities beiween target and distractor words and by such
word characteristics as freguency, concreteress, and syliable length.

The latency and exrror data were discussed 1n terms of a model for recog-
nition which assumes that the subject either (1) makes an initial fast
response based on the familiarity of the test word or (2) if the familiar-
ity is neither high nor low, delays responding until an extended search
of the memorized list is carried out. Quantitative predictions generated

by the model compare favorably with the data.







Introduction
" This paper-describes'a_serieS'Qf experiments that were designéd to
study search and retrieval processes in long-term memory. Specifically,
the. problem under investigation is how a subject is able to decide whether
or not.a given test stimulus is-a member of a predefined set of target
items. " For any initiasl set 8 of stimuli, & subset Sl is defined whieh

is'of sizé 4. Stimuli in subset 5. will be referred tec as target items;

1
subset SO.is the complement of Sl’ and its members will be called dis-
tractor items, - The experimental:task invelves a long series of discrete
‘trials,’where on each trial-a stimuwlus is presented. from 3. To each

. presentation the subject. must make.Eitherian Al or Ao,re5ponse_indicating
that he judges the stimulus to be ‘either a target or distractor item,
~‘respectively. | For the experiments reported in this paper,: the stimuli

are all words presented visually. —However, the medel that we shall pre-
sent can be applied to a broader class of -stimuli.

In a task of the type described above it is-possible.to_initiatezg
test sequenee without the subject knowing the features_that&distinguish
the target stimuli from-digtractors. As the discrimination.is learned,
the probabllities of correct responses and errors would change, eventually
" reaching stable performance. For cur present @urposes,_however, it was
-desirable to have the target set extremely well-learned prior tc the
experimental session. -Under these conditions the subject is able to
indieate with almost perfect accuracy whether the tegt stimulus is a
target. or-a distractor, and the principal data are response latencies.
“There afe.many ways to define target and distractor sets so that

-varying demands ‘are ‘placed on the.subject's memory.as he makes a decision.
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If 8, 1s distinguished from S, by means of & simple rule, it might be

1 0

unnecessary to retrieve any information frem. leng-term memory before

-making a response, For example, if S, is the set of all English words

1

‘beginning with the letter "b" and S, is all the remaining English words,

€]
the subjeect can respond to each test word even before the name of the
word 'is retrieved from memory. More complex- rules could be congtructed
30 ‘that informatien stored in long-term memory must be accessed before

a decision is made. For example, let 5, be the set ¢f all four-legged

1
~animal names. The subject would not only have tc name the word pre-
sented on a test, but would have to retrieve some information about the
‘semantic properties of that word: hefore responding..

Alternatively, no rule might suffice. to distinguish target stimuli
from distractors; e.g., if the target set congists of a list of unrelated
“words previously memorized by ‘the subject. In this case there are at
least two ways that the subject could identify target stimuli. One
possibility is that the subject retrieves the  contents of the long-term
storage locatien at the address of the tested stimulus.  This could in-
clude information about whether or not that item has been previously

‘designated a membér of S. (i.e., the information could contain. "list.

L
‘markers" for target words). On the other hand, if the target set is not
too large, the subject could store the items in memory as a list structure
and then compare the test stimulus with each item on.the 3ist. This
latter process presumably takes place.inrexperiments.ﬁhere the target
éet-is limited to about six items or:less.which are placed. in short-term

memory immediately prier to the onset of a test stimulus (Sternberg,

- 1966). - A gimilar scan of 8, could oceur if it is permanently stored in
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long-term memory and accessed at théctime of test, as in the case for
quéstipns sﬂbhuas; “Does ‘the number '4' oeour in yéour home phone number? "
The task of interest for the present discussion is one in which no
“rule aﬁplies to the distinction between SO and Sl stimuli, and the target
set 18 too large to meintain in short-term memory. This task is comparable
to that used by Stéfhberé:(l966),’5ut the memory sets we employ ére much -
largéf,.ahd mugt be maintained in long-term memory rather théﬁ‘being-pre-
sented shortly before the onset of every test stimulus, The gquestions to
be answered concern the type of méﬁory seaych that ié necessary to make
a recdgnitidn dediéionn ‘Different models, ihcorporating'the search
proceés'as'one of several &uccessive and independent stages, can be tested
agains% latency data to determine the most probable mechanism for recognition.

A Prototype Experiment

 Experiment 1 was designed to study the effectson response speed of
repéatéd tests on férget and distrédtor stimuli (Fischler'and Juela,
1971). All'test'stimuli were selected from a common pool cohsisting of
ﬁ8 6néééyllablé nouns (Thorndike-Lorge, 194k, frequency of A or AA).
For each of 20 subjects a different set of 24 3, and 2L 8 words were

1 0

randomly selected from 2. The'-S:L words were given to the SUbject as a
{list to.bé learned iﬁ'éerial'order, approximately 18 hours before the
experimental session. ©

:At.the'start'of the test session the subject was allowed to study
his target.liét for a few minutes, and then was given a written serial
recall test. All subjects satisfied a pre-experimental criterion by

correctly recalling the lists on two successive trials (nofsubject'made

any errors)..




.., tractors were randomly selected from S

. The .subject was then seated in front of a tachistoscope, in which
~the test words were presented one &t & time. = To each presentation the
subject. made either an A, or an A, response (indicating that the test

- word was a target or a distractor,‘réspectively) by depressing one of

two telegraph keys with his right forefinger. Ehe keys were separated
:by”a:central home key on Which the subject rested his finger between
“:trialsw. The assignment of Al and AO responseg tQ right or left keyg__
.. was counterbalanced across the subjects.

The test seguence conslsted of 120 consecutive trials that were ‘ - j
divided into four blocks, For Block I, six target words and six dis-
l_andfso,,respective;y. Fér_” )
.Bleck II, the 12 Block I words were repeated, and six rew targets and h
- 81¥x new distractors were alsoishowno,:Block_III included all the wordé
presented in- Bleck IT with:lz_neW ﬁords (six fargets_and six distractors).
Finally, Block IV included all the words of Biock ITT plus the 12 re-

meining words in 8. Thus 12 words were presented in Block I, 24 words

in Bileck II, 36 words in Block III, and 48 words in Block IV. K Order of

presentaticn within blocks was randomized.

- The subJects were instructed to respond as rapidly as possible to
each test word, while being carejul to avoid making errors.. No fgedback
was provided for correct responses, but the subjects_were informed_when-
ever an error was made. This,feedback, however, was unnecessary, because
the subjects were almost always immediately aware of the fact that an,
error had occurred. The trials were selffpaced; with the test session

lasting approximately 35 minui.:



The mean error percentages and mean latencies for correct responses
for. the fqur.trial.blocks are preéented in Fig. 1. -Within each blcck,
ErTors and. latencieg are plotted és functions of presentation number for
targetsfand‘distracforsn In each block, the mean'laféncy of Al responses
is greate# fhan that bf AO responses whgn:target and distractor words
are presented for the first time. When ﬁest_words are répeated, however,
positivé #esponse lé£§n¢y decreases whgreas_negative response latency
increasgs,"The.strengfh of fhis interaction decreases across blocks;
iae;,‘the_effeéts df repetitions on both positive and rnegative response
latencies aie not -as great in Bleck IV as they are earlier,

Effects siﬁilar to those observed for response latencies can be
noted in thé error'data. ~The solid bars in the lover part of Fig. 1 are
errors to target wofdé}.aﬂd the'opéﬁfbars are errbrs.to distractors,
In-each block most-errors e targeté occurred on initiel presentations,
whereas most erroré,to distractors occurred on. later pregentations.

”MEaﬁ positive response latency was also plotted as{é function of
the serial positioé of the target word in the study 1ist;_ There was
absolutely no trena f¢iating response latency to serial position. This
was true for initial and_repéated pie%entationé of target words separ-
ately as well as for the combined data. Sincé this result might seem
somewhat surprising, it is worth noting that in every experiment we have
run using the above paradigm (this includes all the studies discussed
in the present ﬁaper) fhere has been no effect of the target wordls
serial positicn on response latency. A discussion of these results and
those of the following experiment will be delayed until we have considered

a medel for recognition memory and developed its theoretical implicaticns.
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Effects of Varying the Length of the Target Set

: Experimént.E was essentially the same as the previous study except
that the number cf wordé in the target lists was varied. A popuié%ion
of 48 common, ohe—Syllaﬁle nouns was used to generate lists of 16, 2k,
or 32 words. Subjects were randomly assigned to dne of the three list-
length conditions,‘with 2 subjects in each group. All subjects satisfied

the serial recall criterion for S, words described for Experiment L.

1

In order to replicate the design of Experiment i as closely as
 possible, only 16 target words and 16 distractors were tested for all
three groups. The distractor words presented were randomly selected
from.the remaining items in the pool; targets consisted of cqnsecutife

lists (either the first, middle, or last
3

strings of 16 words from the 8,

16 words from. the 24 and 32 word sets). Using this procedure, it was
‘ﬁbssiple to present identical test seguences to'all three groups.of
subjects. As in Experiment 1 the test trials were brbken into four con-
éecutive blocks; four target words and fdur'distractors were presented
“for the first time in sach block, along with all of the words presénted
in the previous block.

_For each list length the pattern of latency and error data closely
matched those presented in Fig. 1 for Experiment 1. To test for the
presence of ligt-length effects, the data from the last two trial blocks
(Blocks ITIT and IV) were combined; mean latencies were obtained for A

1
and AO responses to test words that were presented for the first times,
and For those that had been presented previcusly. These data are given
in Fig. 2. The left panel of Fig. 2 shows mean latencies for initial

prezentations of target and distractor words, and the right panel shows

8
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mean latencies for repeated presentations (weighted averages of those
“words oééurring for the secdnd, third, and fourth times). Similarities

to the results of Experiment 1 can readily be pointed oiut: (a) Positive
response latency is greater %han negafive‘latency cn initial presentations,
but this order is reversed for repeated tests. (b} Most of the errors to
target words occur on initial presentations, whereas most errors to dis-
tractors oceur on repeated‘presentations;

The number of target'words affected response laténcy-for‘all types‘
of trials, the effect being strongést for initial presentations of target
words and for‘repeated tests of distractors. The magnitude of the effect
on response latency of adding a single:word to the target set can be
‘approximated by the glopes of straight-line fite to-the'data in Fig. 2.
The average slope is about 2.0 msec per word for the data of Experiment
2; this value is slightly iéss than that obtained for a similar experi-
ment (Juola, Fischler, Wood, and Atkinson, 1971), but is much less than
the 38 msec per digit obtained for small target sets in Sternberg's
‘short-term memory experiment (Sternberg,-l966)o

A Model for Recognition

The model to be considered has been presented elsewhere (Juola,
et al., 1971) to account for latency and error data from recognition
expérimenté like those reviewed in this paper. The model is similar to
Kintsch's theory for recognition learning (Kintsch, 1967), but the pro- |
cesses associated with the memory states have been changed to account
for fesponse iatencies as well as hit and falge alarm rates,
Tt is assumed that each test Wprd has associated with it a famil-

ierity measure that can be regarded as a value on a continuous scale.
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The familiarity values for targets. are assumed to have_a mean that is
higher than. the mean for .distractors, although the two.distr;butiong_may
overlap. In many recognition.studies.(eogas.Shgpa;dﬂand Teghtsconilan,

- 1961) the target set is not weli-leasrned, but involves stimuli that have
received only a single study presentation. Under these_coqditions_the
subjective familiarity of the test stimulus leads directly tg the dej_

cision to make an A

, or AO response; l.e., the subject has a single

criterion.along the familiarity continuum which serves as a decision
: point for meking a response. Familiarity values.that fall above the
- criterion lead to an Al-response, whereas thoge below the critgrion
- lead to .an AO response (Parks, 1966)..

‘Thé present sgtudles differ from most_previgus rgcognition expe;i-
-ments in that the target stimuli are members of a_wellrmemorized”;isﬁi
In this case, it is assumed that subjects. can use thelr familiari%y

;megsure to make ‘an A, or A response ag soon as the test stimulus is

1 8]

presented, or they can delay their response until a more extensive
memory search has confirmed the presence or absence of the_tegt item.1n
the target set. This process is shown in Fig. 3. If the initial famil-
iarity:value 1is either above a high criterion (cl) or below a low

criterion (co) the subject outputs a fast A or:AO response, respectively.

1
-Lf the familiarity asscclated with the test stimulus is of an interme-
.diate value, the subject will be less confident about which regponse to
choose., .Since_instructions emphasize correct respending, the subject

is likely tc meke a more extensive search of memory (perhaps including

a scan of the target 1ist)‘in_seeking a match Tor the test stimulus.

10
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On the nth presentation of a giveo:item in the test sequence, there
is a density function reflecting the ﬁrobébility that the item wili gen-
erate a particular familiarity value x; the denslty function is ¢( )(x)
for target items and ¢én)(x) for @istractor items. The two functions
have mean values ugn) and-p(n)

0

n refers to the number of times the item has been tested, and not to the

9 respectively. (Note that the superscript

trial number of the experiment;) The effect'of repeatihg specific target
or distractor items in the test sequencé.is asoumed to increase the mean

familiarity value for these stimuli, This is illustrated in Fig.'3

where p&n) and ué n) shown in the bottom panel (r > 1) have both shifted
to the right of their initial values pél) and ué ) shown in the top

panel. The effect of shifting the mean fémiliarity'values up is fB in-
crease . the probgbility that the_présontarron of a repoated distractor

© will result in an extended momory soarch before a response is made,
whereas this probability ié decreasod for repoated targets.

The model can be stéred mathémotioally-by writing eguations that
represent the sumg of times for the various mémor& and decision pro-
cesses involved in recognitionn_ The probablllry that the subgect makes
a correct response is assumed to be 1.0 1if the famlllarlty value for a
tested distractor word is below ¢, or if the famiiiarity value for a
rarget is.above_ce; l.&.:

S Dls) - [ ofPeoax - “”cc W
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- d, the number of stimuli in 8

€1

el ls ) = | o e = olPie)) (2)

-0

Note that &(-) designates thé.distribution function associated with the
density function ¢(-). | o |

In deriving response latencies, we shall assume that the processes
involved in encoding the test stimulus, retrieving from memory informa-
tion about the test_stimulus, making a decisidn about ﬁhich1response to
chooge on fhe-baéié of thié information, and emitting a feéﬁonée can. be
represented aé éﬁccessive and'independent stages. These éfégeé are
diagrammed in the flow chart in Fig. h,__When'ihe test stimulus is pre-
sented, the firSt $tageé_ianlVe_éncodiﬁg.ﬁﬁé:item éndueiecuting a rapid
search of longéférﬁ ﬁemoryn‘,THié initial ééargh ﬁill yiéld oniy a limited
amount of:infonhation,'butkit.will suffice to.permit the subject to ar-
rive at an index (x).ﬁf the subjective familiafity of the test stimulus.
The time fequired to exeépte these two stages afe comblned and represented
by théiqﬁantity £ in.Fign k., The next stage ié to'é}rive at-a-reéognition
decision on the basis of Xx. Ifx<¢e¢, a negative.decisioﬁiis.ﬁade;.if

o]
X > Cl a positive decision &s made. These decision times are functions
of the value of'kj:and are given by the functions TO(X) and Tl(x),
respectively. If CO'S x < cl, an extended search of 1ong-£erm memory is
:required,‘yielding.more complete informaticn about the tesgt stimulus.
.Thé length of time needed for this search is aséuﬁed to be a function of
| 10 The totél time for & decision in this
cage 1g K{x) + Qi(d)n In this eguation K{x) denctes the time to make

the decision to execute an extended search and may depend uponr x. The

12
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function Gi(d) is the time tc complete the search and depends upon the
length of the target list d and upon whether the tested item is a target
(i=1) or a distractor (i=0). The final stage of ‘the process is to out-

put a response once the decision has been made, the response time being

;.tO ‘for an A, response.

fo? an'Ab'response and tl 3

Eguations can be derived for response latencies by weighting the”

tines associated with each stege by the probability that the ‘stage occurs

' during processing. The expected time to make an A; response to the nth

presentation of a particular stimulus drawn from set Sj (for i,J = 0,1)

3

is ag follows:

o .cl
[ oM max + | 10y (a) k() 10{™ (x)ax
£ a ey ot o — b, 44 (3)
BN _1_- @gr})(_go) 1
; .
- J 'f_o(")"’_(ln)-(}_‘)dX o L
(n) —o o
(A ]s) = — +t. + 4 (%)
CMlPe @(1 )(‘-’o) Tt o
€0 ‘1
[ rotmef) ax + [ 18 @yt 10f (xyx
t(n)(A Is.) = Rl o —— oty + £ (5)
070 ®gn)(cl) . ; 0
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o | f ’fl(x)“’é:n)(x_)d}?
(n), 1
74, [8,.) =

ottt T . Qén)(cl)

in Titting the model to data from the.previous.experimqnts, several
special cases will be examined, First, we shall assume_théﬁr¢§?)(x).is
. normally.distributed.with unit veriance for all values of 1 and n. The
“function K(x) will be assumed to be a constant function of x, with value
k. Finally, the function-%i(x) will be of the following form:

-]ci-xlbi

(@) e o ()

The function Tl(x) ig defined only for x > ¢y, and To(x)'for-x <.eq

Equation (7) can be simplified by assuming that both Tl(x) and To(x)

kave the same value at cy angd CO’ respectively, (ioe,, al

that they decrease symmetrically as the value of [gi-x] increases (i.e.,

= ao), and

bl = bO)" Two cases of this expression will be given special consider-

" ation. First, if b, = Dy = b = 0.0, then 7,{x) is a constant function
of x;

oy (x) = a . | (8)

;Second,‘if-al‘z ao =k, Ti(x).has,fhe.same.value as k when x =Cy5

-lci—xlb

oy (%) = ke . (9)

‘Finally, the function Bi(d) must be specified. This function represents

an extended search of long-term memory, and is assumed to be a. linear

1h




function of the target set size. . Two cases we wish to consider differ
in the relative length of the memory-search for target and distractor
items. First, it can be assumed that the search times .are identical for

both types of items; i.e., ©
6 (aY = 0(a) =cd . o | ,
(@) = 0.(8) = ad (10)

Alternatively, it might be that the length of the memory search is shorter
on pesitive trials than 'on nagative_trialsf This situation would oecur
if each list item is stored in a separate memory location, and the subject
retrieves the contents of_each_location in,seekipg a mateh for the test
stimalus. When a match is obtained, the search ends, otherwise all the

memery locations are checked. The time for this process is:

6@ =alp - (u1a)
8,(a) = ca . - (11)

4i£ sﬁéuld be noted that the two memory-search processes deseribed
above correspond to the exhaustive and self-terminating cases of the
serial seanting model described 5y'Sﬁerﬁbérg (1969). Wnile Sternberg‘ér
mﬁdeis have proved to bé‘éxtrémely valuable in interpreting data from
é Wide vafiéty of meméry—éearéh eXperiﬁentS,.godd fits between the models
#énd aata aé ﬁot necessarily reqﬁiré fﬂat the ﬁndeflying psychological -
procésslbe serial in nature. There are alternative models, including
parallel scanning models, that are mathematically equivalent to those
propoééd by Sternberg and yield'the same predictions as Egs. (10} and

(11) (Atkinson, Holmgren, and Juola, 1969). Thus, the use of Egs. {10)




and. (11) to speclfy the time associated with the extended memory search
does not commit us to either s serial or:parallel interpretétion._

The. model.as .it is now formulated predicts differences in perfor-:
mance as a function of the number of times ah Iitem has been tested.
However, no mechanism has been ianrporated to take into zccount improve-
ments in performance resulting froﬁ extended practice on the task. An
:Hinspection of the data in Fig. 1 indicates that practice effects are
5CCurring; for exsmple, in Bxperiment 1 the first presentation of a
distractor item in Block T produces a response latency of B1l9 msec,
whereas the Tirst presentation of a distractor item in Block IV has a
létency of.TEizméec;'-Thé.fheory can be améhded to take into account
generalized practice effeCﬁs'by ésSuming that‘to‘and tl decrease over
- trials. For some experiments a meaningful analysis of the date requires
an estimate of changes in tO and tl with practice. For others the prob-
:'1em can be sidestepped by restricting the analysis to the later trial
blocks, 1f 1t can be_assumed‘that tO and tl have reached some asymptotic

leyglo.,

Theoretical Predictions forx the List-length Study

- The medel will now be used to generate predictions for the latency
x_and error data from Experiment 2. To avold dealing with practice effects
in this experiment, we shall confine our analysis to the data from Blocks
IIT and IV where 1t seems reasonable to assume.that performance is
asymptotic.

L Iniﬁially a2 value must be arbitrarily assigned to either CO’ cl,
 pél), er pgl) as. a scalling parameter. Once‘this is done, the other

parameters can be estimated from the data. We will let cO = 0.0, From
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the errcr data it is possible to estimate p&n); ginee an errcr to a target

word occurs only if its familiarity value lies below ¢.; i.e.,

0

Er(n)(Ablsl) = @gn)(co) : (12)

The errcr proportiong over the last two trial blocks for the Tirst, second,
third and fourth'presentation of a target item (averaged across the three
list-length groups) were as follows: 0.171, 0.016, 0.01l%, and 0.007.

Using the normal probability distribution it is possible to calculate

that 1) - ¢y + 0950 = 0.950. Similarly, w?) = 2.1, W43) - 2,20,
and p&h) = 2.46. The same procedure can be used to arrive at mean famil-

lerity values for distractor words since,
R C P PR (n). S
$r (Al[so) =1 -0y (cy) - (13)

The ervor propertions for presentations one.through four for distractors

were 0.005, 0.039, 0.049, and 0.04%9, respectively. Thus pél) =c - 2.58,

pég) = ¢y - 1.76, pés).z ¢y - 1.66, and ué&)_z ¢ - 1.66.
(n)

With ¢, set equal to zero and by

the remaining parameters can be estimated from the latency data. Four

estimated from the error data,
models of the theory will be used to generate fits to the data of Ex-

periment 2. The models differ in the functions Ti(x) angd Bi(d) as

outlined below:




8, (a)

Eq. (10) . Fg. (11)
Eg. (8) | Model 1 Model 2
Eg. (9) | Model 3 . - Model k4

The Parameters.that remain to bé'éstimaféd afe-éomEWhaf'different for
Models l:and‘EnVersﬂs.3'an& L, Tor Models 1 and 2 there are Five param-
eters: ¢ , a,r(k + ty * ), (k +E£i + £) and (a + to + £). The quantities
in pafentheséé indicate that thé component‘pérameters cannot be evaluated
separately; only their sum can be estimated. Tor Models 3 and h'there
are 6 parameters: Cys O k,_b,“(to + £) and (t1:+.ﬁ),

Our method for parameter estimation involves the data presented in
Fig. 5; it is simply the weighted average of the data for the third and
' foufth trial blocks bf Exj_aériment?° Parameter values are selected that
minimize the sum éf the squared deviations {weighted by the number of
obsérﬁations) betweer the dats points in Fig. 5 and theoretical predic-
tidns.- A ﬁumber'of pfoblems'are involved in minimizing the squared-
deviation fUnctioh analytiﬁally,‘and'consequently a computer was programmed
to carry éut a systeﬁatic search of the paraméfer space until a minimum
ﬁasrobtained accurate to three places. The weighted sum of squared

deviations for the models are as follows:
Medel 1:  3.81 x 10”
Model 2: 4.57 X lO5
Medel 3: 4.35 X lO5

Model 4: L.68 X 105
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Mean .response latency as ‘a function of presentaticn number
for target and distractor words for three different list
length (d) conditions. The top panel presents data for
d = 16, the middle panel for 4 = 24, and the bottom panel
~for d = 32. The broken lines fitted to .the data were .
generated from Model 1 (Experiment 2).
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Model 1 clearly yields the best fit, Model 3 is second;. both Modéls 1
and 3 assgume that the extended memory search is represented in Eq. (10).
The parameter estimates forkfhese two models are given in Table 1. The
”predicted values fdr Model 1 are presented in Fig. 5 as connected lines;
it should be noted that the model not only Tits these dafa.but (due to
the method of parameter estimation) provides a perfect fit to the error
data. | |

The results in'Fig; 5 can be replotted by censidering those items
receiving their first presentation (n=1) énd those receiving a repeated
_ presentation (n = é, 3, or 4); in the latter case a weighted.average
musf be taken. If this i1s done the data points are those presented in
Fig. 2, and the straight lines in that figure are the prédicfed functions
baéed on Model 1. The fits displayed in Fig. 2 could be improved upcn
somewhat, but it should“bé kept in mind that they were obtaihed using
parameter estimates based on a different breakdown_of the data.

The latency of an error response shcould be fast according to the
'fheory, since errors cccur only when the secondary memofy search is by=:
ﬁassed, The data éupport this predictioﬁ; and éccord well with the
values generated by Model 1. Specifically,ﬁfhe latency of an error is
+ k.= 731 msec for an S

clecse to the predicted value of £-+ t iten,

0 1
and to £ + ti + k = 687 msec for an SO item. A more detailed account
of error latencies is given in Juola, et al., (1971).

A verbal interpretation of the results in terms of Model 1 would
proceed as Tollows: When a targét ltem is presented for the filrst time,

the probability that an extended memory search will occur before a

regponse is made exceeds the probability that a fast vositive response
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Table 1

Parameter values for the two best-fitting models (Experiment 2)

Model 1 1 Model 3
¢, = 1.02 o o, = +822.
o =986 msec |+ - o= 1.1l msec
'(k+to+£) = 868 msec 0 a=k = 14k msec
(k+tl+2)_z 82k msec | 0 b= .320
'(a+to+ﬂ) = 731 msec (to+£) = 653 msec -
(att,+8) = 687 msec* } t.+8) = 609 msec
Ny . )=

*Not estimated, but computed from the above thiee
parameters. o : SN :
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will be emitted on the basis of the item's familiarity value alone. The
cpposite 1s true for initial presentations of distractors; most trials
result in fast negative responses. Thus the mean latency is longer for
initial presentations of targets than for initial presentations of dis-
tractors (X > a), and the 1ist—léngth éffect is greater for targets than
for distfécforsu Thé-effeétléf repeating:tésts of Wdrdé ié to increase
the familiarity of both targets and digtractors. This results in an
 increased mean latency for responses to distractors (since a greater
‘proportion of trials results in an extended memory search before a re-
sponse) and. a decréase in respconse latency to tafgets. The magnitudes
of the list-length effects are observed to change concomitantly. Although
) sﬁch variables as number of presentations and number of,intefvening items
between suocessivé‘presentations_affect‘an item's familiarity value, it

: is prbbablg that all target items are about equally familiar at the start
of thg-session;' Anj deviétions that exist between fhe.values are most
likely due to preperties of specific words or-idioéyncratic responses on
the part of the subject. It is apparent that the target item's famil-
“larity cannbt be assumed to depeﬁd ufoﬁ its éeriél position in the study
lisf, gince no serial position effects have been observed.

Effects of Number of Occurrences in Study List

Experiment 3 was designed to test the effects of repeating words in
the study lists. Fifteen subjects each memorized a list of 32 words, but
-gome of the words were repeated either once or twice in the list. Speci-
fically, the lists contained eight single words, six words that cccurred
twice, and four words that occurred three times. The order of the words

within the lists was randomized with the constraint that at least four




' wOras.would cceur between successive occurrences of a repeated word. - As
'in.the‘préVious.EX$eriménts, subjects were instructed to learn the list
in sérial.ordér;.énd they were tested for serial recall of all 32 items
before the recogﬁition tests'bégan, The test session was divided into
three consecutive trial blocks of 36 trials each. Within each block, the
18 target words were tested onee, along with 18 distractors. Different
sets of distractor words were presented in each block.

The results.showed that mean latency was significantly shorier for
responses to target words ‘that were repeated in the study lists than for
responses to those that occurred only cnce. This effect was obtained in
&ll three blocks. The model that generated the best fit to the data of
Experiment 2'(Model 1 of the previcus section) was also used to fit.the
défé of.Experiment 3. There are at least two ways to account for the
effects of repetition of words in the study list within the framework of
the model. First, if the extended memofy'search\involvés the retrieval
of the memorized list and a check.for a match with the test stimulus, the
expécted length-of timé.before & match is found is an inverse function
‘of the number of times the target item occurs in the list. The Tact
that the best-fitting model assumes an exhaustive memoyy search, however,
makes this analySis geen to be somewhat untenable; the evidence from
Expefiment 2 suggests that the length of the extended memory search is
the same forfpositive and negative trials. Therefore,'proposing a self-
‘terﬁihating scan to account Tor the repetition effects in Experiment 3
would seem to be theoretically inconsistent.

A second alternative would be to let the expected familiarity value

for a target word be an increasing function of the number of times that

21




.the word occurred in the target set. It has been previously assumed that
all target words initially have about ﬁh@\sams.familiarity value, for no
experiment has shown positive response latency to be a Tunction of the
serial pesition of the target wcrd. ‘An‘gnalysis of the error data_frqm
. Bxperiment 3 indicates, however, that repetitions in the study lisp.inf
g:x_-'eas'eut_kll‘e expected familiari¢ies for theose target Words. Meéﬁ e_rrér
proportions wére 051, ,QBh; and_foll for words_that_occurred one, two,
and three times, respectively,.in_the target lists. Morepver, the mean
- error proporcions for all three types of positive test trials were
.observed to decline across blocks_(which.is expected, sipge_all_ta:get
-quds were presented in each block). However, the mean error proportion
for distractors was about .006 in all three blocks (Whigh‘is elso ex-
.pected_since diétractors:were not $epeated from cne block to the next)f

. - The patterns observed in the data for Experimentz3;_as shown in
Fig. 6,_pan be fit by the model using the same_procedurg as in the
. previous section. Thé mean familiarity value for an item can bg expressed
as ihﬁ_distaﬁce from the appropriate critericn that will generate_the
- observed.error probability. The fit tec the data was cbtained by uaing
Model 1, and retaining the same parameter values estimated from Experi-
ment 2. The only différente,was_that in this case additionzal estimates
of t@ and tl_had to be made for‘eagh trial block of theuexperimepta
Under theSe,ponditions thg prediqtions.fpr Model 1 are represented hy
the curvés in Fig. 6. As we see, the mo@el's_predicﬁions accord well

with the observed wvalues.
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‘Bffects of Similarity of Distractors to Target Werds
For Experiment 4, .a list of 16 pairs of nouns was used, eight were
synonym pairs and eight Were.homoéhohe.pairs° Fifteeﬁ'subjects recelved
different study.lisis.mgde up oflone target word randdmiy selected from
each pair. The subjects wereffuh fpr two conse§utive_daily sesaliong of
96 trials each. D@ring'both sessions every_tafget word was?ﬁresented
three times each. ;ﬁistractor woxds consisféd-of the eight s§nonyms and
eight homcphones of the target Words~alohg with additional neutral words.
{A more complete description of_this eiﬁefimént, along With.iists of the
word pairs, is presented in Jﬁola,,et'élq, 1971.)
The mean latencies for the.tﬁc §gssions combined are given in Table
2. The results show the same paftefﬁ as in the previbus stﬁﬁies, with
response latency béing mgéh"éhorter for the second ana thifé:tests of
target werds than fer thexiﬂifial presentations. The mean latency of
negative responses?to neﬁfral distractors was less than the latency of
responses to initial presentations of target words, but was greater than
that of subseguent testsﬂ  B
_.Negative response latency to synonyms oi target words_was_signifi—
E'c':antly greafer.than the latency of responses to_neutra; distractofso
Somewhét surprisingly, the latency for homophdnes;exceeded that of re-
spcnses to synomyms. After the data had been collected, a closer
examinaticn of the homophone pairs revealed that they could be divided
into two categcries: those that were wvisuaelly guite similar to each
other (only two letters different; €.g., bored and Egﬁfg) and those
that were visually dissimilar {more than two letters different; E.Zo,

sense and cents). The mean response latency to hcmophone distractors
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Table 2
Mean response latencies (msec) for the first, second and third
{ -presentations of farget Words,_ana for distractors that

vary in similarity to target words (Exyerimeht Ly

Test word type =~ Latency
Targets:
‘Presentation 1 - ' 733
Presentation 2 ' 622
' Presentation 3 617

Distractors:

Homophones - 793
Synonyms 731
Neutral words 673
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which were classified as being visually similar to their respective target-
word pairs was 895 msec, whereas latency to those that wére visually dis-
similar was 716 msec (not significantly greater than the latency to
neutral distractors).

| In terms of the proposed model, it appears that the familiarity of
any distractor'item-can:be iﬁcfeased'by incliuding items that are similar
to it in the target set. ‘Specifically, it seems clear that semantic
information is used by the subject in determining whether or not a test
item is on the target list. Acoustic infermation apparently is not by
itgelf an important determinant of an item's feamiliarity, since the
. relatively long latencies to homophOHES appea: to be due to visual simi-
larities between the words of the homophcne pairs.. The cause of the
effect of visual similarit& ig not entirely clear. It may be the case
that some visuael information is used.in Judging the familiarity of the
presented stimulus. It ié algo possible, and perhaps more likely, that
visual similarity between targets and distractor words leads to confu-
sicns and errors of identification of the test stimulus before the
subject can deeide exactly what word is being presented. Thus the effect
of visual similarity could be due either to an increase in the distractor
item's expected familiarity value Hg» ©T it could increase the expected
time for the encoding process, therehy raising the length of time for
| stage 4.

Freguency, Concreteness, and Number of Syllables

The words used in Experiment 5 were selected so that they could be
separated into two distinect, equal-sized groups on the basis of any of

three criteria: frequency in English, abstractness-concreteness; and
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number of .syllables (one or two). Sixty-four five-letter words were used,
mest of these taken from the Paivio,lYuille, and Madigean. (1968) noun list.
The. frequent words were rated either A or AA according.to the Thorndike
and Lorge .(1944) word count, and the infrequent words were those which
occurred fewer than 10 times per million. Similarly, concrete nouns were
rated higher than 6.0 and abstract nouns were less than 3.0 on the Palvio-
.nYuille—Madigan;scaleﬂ_'Ad&itional words that were not present in the
initial norms buti were needed to complete the design were selected from
the Thorndike and Lorge word lists. Three independent judges were used
. to plck those words that seemed to best match the originally selected
words onxthe'cqﬁcréteﬁeés.diménsiona | . |

. The criticél:diménsioms arraﬁged the werd peol into a.2 X 2 X 2
.factorial.desiéh'with.eight words in each cell. ;For:éaéh éubject four
words were randomly selected from every cell to make g llst of 32 target
words. During, the test session,. all 6h words were shown in two succes-
sive random orderings to yield 128 trials.

Mean response latencies were found for each type of word for positive
and negative triéls geparately. Means were ther taken acfoss 16 subjects,
and the resulté:are presented in Table 3. The'aifferéncés between levels
of the three variaﬁleé ﬁere.in thé éame.diféétiﬁﬁ for both positive and
negative latencies, with responses to two-syllable words being faster
than responses tc one-syllable words, those of concrete words heing
fagter then those of abstract words, and those of infrequent words being
faster than those of.frequent words. However, separate analyses of var-

- dlance performed on the data for positive and negative responses showed
that the only significant differences were between frequent and infre-

quent target words and between abstract and concrete distractors. The
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Table 3
Mean' response latencies (msec) as functions of frequency,

concreteness,. and number of syllables (Experiment 5)

Target Distractor
words words
High frequency - 790 : 7 830
Low frequency . - 762 805
Abstract 785 ' 839
Concrete : ' 767 . 795
- One syllable = - 782 _ g2k
 Two syllables 770 810
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regult for targets is similar to Shepard's (196?) finding that the proba-
"bility of correct recognition of an "old" word occurring in a long
sequence of words is greater if the old werd is a relatively. uncommon -
word in English. . Presumably, the effect of prior study for an infrequent
word 'ls to cause a grester change 1n its subjective familiarity than that
produced for frequent words. When an infrequently occurring word is pre-
sented as a test, and it has a relatively high femiliarity wvalue, the
subject is apparently meore likely to output a response.cn the basis of
its familiarity value alone than he is for frequent target words. Twe
explanaticns for this process are that the subject may cither retrieve

a higher familiarity velue for infrequent target words than for frequent
words, -or he may adjust his criterion for a fast positive responge go
'thatuci is lower whén g relatively rare word is tested. This latter
cargument ig equivalent to saying that the subject compares the retrieved
- familiarity of a test word with its expected familiarity, which is a
function of its frequency in English. If a large discrepancy occurs,

the subject outputs.a fast positive response before any further memory
segarch is initiated.

Previous experiments (e.g., Gorman, 1961) have shown that recognition
probability for old words is higher if .the words are concrete rather than
‘abstract. A similar effect favoring responses.to concrete words was.
noted in Experiment 5, although it was significant oniy for distractor
items. Since abstract and concrete distractors were balanced for fre-
quency (and, presumably, familiarity), it appears that the concreteness
dimension affects £, the enceding and initial information retrieval stage

. of the model.. The time between the stimulug onset and an -estimation of
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“the word's. familiarity seems to be an increasing function of the abstract-
ness of the.distractér‘word;:but a thorough explanation. of the mechanism
for this process cannot be nade on the basis of the present data.

- Although the number of syllables in the test werd did not have a
gignificant effect on respounse latency either for target or-distracter
“words, it i1s interesting to:'nete that response lateneies were sherter
for two-gyliable words in both cases. Bince all words were five letters
in length it is worth noting that the two-gylldable weords generally cen-
tained more common spelling patterﬁs than did thevone-syllable words

e.g., tenet ve. pigue). Presumably, words that centain more commonly
P) P 3

 occurring letter patterns should be eagier to encodé'(decreasing the
ﬁalue of £) than those that have less common patterns. The: total re-
sponse 1atehcy to two-syllable words should then be shorter than latency
for one-syllable words if all other Ffactors are equal. This explanation
is sdmittedly tentative, and the results presented here were not obtained
to provide tests for theories of word.perception. . However, the arguments
folleow naturally from the proposed theory and. account Tor-the observed

; latency effects.

‘Repression Effects on Recognition Latency

'Experiment 6 was designed to determine if the procedure used in the
previous studies ceould lend. itself to the study of "repression effects in
recognition fﬁemory° Repression is here taken to mean forgetting which
is selective to those perceptions and memories which preduce anxiety.

- Bupposedly; this type of Torgetting is initiated by a mechanism that
defends the subject against such anxiety.. It should be possible to.

determinre the extent of repression effects on. recognition.memcry.by using
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the paradigm of the previous studies. I certain target werds are paired
with anxiety-provoking stimuli, and then thege words are presented in a
recognition task, repfession'effects should interfere with the initial
stages of processing and perhaps later search and declsion processes és
~well. The expected result-is that_response-lafency'should te greater. -
.Ter target words that have been assoclated with anxiety»pro#oking‘stimuli
then for words that have been assoclated with néutrél_or positive stimuli,
Fach gubject memorized a target list of 16 words. -The target lists
were then divided intc three consecutive groups of four words each (the
first. two and last two words were not included as they were to be tested
“only in'a warmsup block at the start of the test session). One word

from each group was assigned to one of four treatment conditiens: (1)

“. paired with a positive experience, (2) paired with a neutral experience,

(3) paired with a negetive experience, or (L) not paired with any ex-
périenceo- The. positive -and negative experiences were generated by the
subjects. They were instructed to write down descripticns of the three
most intense occasions when they had experienced feelings similar to
those in, first, a list of positive emotionally-descriptive statements,
and, secend, = list of negative statements. Three neutral experiences
were provided by the experimenter. These consisted of descriptions of
routine events obtained from newspaper steries., BRach of nine list Wgrds
were randomly palred with cne of the experiences. These palrings were
‘achileved by having the subject write down four different assoclations

" between the given target word and the appropriate experience as assigned

- by .the experimentexr. - -
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The test sequence was divided into & warm-up block of eight trials
.lfollowed,by'three-trial blocks of 24 trials eac¢h., All 12 experimental.
target words were presented once in each block alcng with 12 distractoers,
which were never repeated. The results showed that the four different
treatment conditions for target words had a significant effect on positive
© regponse latenCy in the Pirst trial bleck only. The data for Trial Block
T are presented.in Table &, The latencies in the latter two blocks con-
verged for all four ceonditions, with a mean response latency of 688 msec
 for Block II and 665 msec for Block III. ' Latencies for responses to
distractor words were 733 msec and 71} msec Tolr the last two blocks.:

 The ‘data in Table 4 show that response latency was actually shortest
for words that'had been paired with negative experiences,. although the
. ‘mean latency was not significantly less -than the time to respond to words
- paired with positive experj'_ences° Both :of these conditions resulted in
latencies significantly below those for words paired with neutral ex-
periences, and the mean latency for unpaired words was significantly
greater than that of any other condition.

The results do not support the repression hypothesis of forgetiing,

" namely, that (1) the pairing of negative experiences with target words
will elicit anxiety when the words are presented in a recognition test,
Cand (2) this anxiety will block the perceptlon of the word or impede
the retrievsl of stored information about the word. ZEither process would
_résulﬁ'in response latency Belng greater for negatively-paired words than
for words paired with neutral cor positive experiences.. The data indicate

that the mere pairing of a target werd to any type of experience regults
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Table 4
Mean response latencies (msec) to four types of targét ﬁofds

and to distractor words {Experiment 6)

Test word type Latenc&

Target.words:._

;_Positive_experiencg . _ 755_
.Negatiﬁe.experieﬁcé. |.7733:
Neutral experience - 788
Unpaired - 916

Distractor words _ _ 782
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‘in a sherter mean latency tc that word, especlally if the experience is
one from the subject's own background.

The. interpretation, in termg of the model, is that any effort to
.associate a target word .with a prior experience results in a subsequent
~higher familisrity value for that wordf This effect is evidenced by the
 fact~that regponses to target wofds.associated with negétive or positive
experiences-Were faster.than.responses to distractors. Thié resﬁlt ig
unusual; in all of the studiés reported here, fesponse latency for target
words is greater than response latency for distractors on their initial
presentations. it éppears that the familiarity value (rather than any
 positive or negative associations with the word) determines the speed
with which the subject can make a recognition decisien.

Recognitibn Latency for Words in a Seméntic Hierarchy

Experiment 7 was designed to test for the effects of imposing an
organizational scheme on the words of the target set. Specificaliy, all
target words were'faken from the semantic hierarchy shown in Table 5.
" The hierarchy of the present study is an expansibn'of two hierarchies
used in a study by Bower, Clark, Winzené, and iesgold (1969)° Of the

86 words in Table 5, eaéh subject received a target set of Sk. All the
target sets included both words in lLevel 1 and the four words in Level 2.
Twelve words were included from Level 3, these being either &gll four or
only two of the exemplars of the Level 2 words. Similarly, either four
or two exemplars were included under each of the Level 3 words. An
example of one target set, in the form it was presented.to the subject,
ig shown in Pig. §. Different target sets were made such that every word

within any level was used as a target equally. ¢ften. Distractor words




Table 5

Hierarchical organization of 86 nouns (Experiment 7)

BOL

Organism
Plant Animal
VEgetable Flower Tree Fruit Mammal Insect Bird Fish
Carrct Rose . Cak Apple Dog - Ant -~ . Robin Bass
Bean Tulip "Elm | Orange Cat Mosquito: :Eagle- : Trout
Corn Carnation Pine Pear Cow Fly ~ Sparrow Shark
Pea Daisy Maple | Banana Horse  Bee Cardinal Berring

Instrument: z: - -

Musical . S - Precision
Brass Woodwind  Percussion. String | Drafting Optical Surgical ﬁavigaﬁiom
Tuba Clarinet  Drum Violin | Compass Telescope Scalpel. . Radar
Cornet Oboe Cymbals Bénjo Ruler Microscope Fprgeps Gyfoscope
Trumpet Elute‘ Bells Celle | Protractor Monocle : Stethoécope Sextant
Horn Saxophcne Triéngle Guitar | Pen Spyglass Pincers Altimeter




ace

Level

’

Organism

Plant

Vegetable Fiower Mommal Insect  Bird

carrot

" bean

corn

pea

Instrument

Animal - T Mugical Precision

Fish  Brass Woodwind Droffing Opticol  Surgical Navigotion

rose dog  ant robin' - bass fuba clarinegt  compass ftelescope sScalpel . radar
tulip  cot mosquito eoagle trout cornet Oboe ruler microscope forceps quroscope
cow . . sparrow trumpet protractoir o stethoscope
horse _ cardinal - horn ' pen ﬁhoer
Fig. 7. A4n example of a semantic hierarchy containing the words presented

to the subject as a target list. The level designation on the left
side of the figure' did not appear on the subject's copy (Experiment 7).




were chosen randomly from the Thorndike-Torge list, and were matehed with
-the words in Table 5 in length and frequency.

The subjects memorized the target set the day prior to the experi-
ment; they were tested before the experimental session by filling in a
hierarchy with blank lines drawn in where the target words appeared on
the stﬂdy‘éheeto' No subjects made any errors on the recall task. During
the test seséion all 5k fargét‘ﬁords were shown once; and. 54 different
distractors were also presented.

The data for the two halves of the target set were c¢ombined, and the
mean latencies were found for each level. There was no effect of level
within the hierafchyi§n=p§éiti€é responée-latenéy; .The enly significant
effects were befween wordé.tﬁéf wére méﬁbéfsfdf sgbsgts of different
sizes within ILevel 3 and Level 4. These suﬁsets afe denoted level 3
{4 nodes) for Words-thét are one of tﬁe four éxemplars of a Level 2 node
(e.g., mammal in Fig. 7), Level 3.(2 nodes).fo; words that are one of
the two exemplars of 2 Level 2 node (e.g., woédwind),ﬁLevel b (1ist L-k)
for words that were one of four.iteﬁs iisted.uhdéf one of a group of
four nodes in Level 3 (e.g., scalpel), Level 4-(List 4.2} for words that
were one of four items listed under one of a Péir of nodes in Lewvel 3
(e.g., carrot), Level.h (List 2~¥) for words that were one of two items
listed under one of four nodes in Level 3 (e.g., ant), and Tevel L (List
2-2) for words tﬁat ﬁefé oné.of.two itéﬁs listed under one of a pair of
ncdes in Level 3 (e.g., clarinet). The mean response latencies for all
types of trials are shown in Table 6.

The results do not suppcrt a memory search that follows the structure

of the semantic hierarchy of Fig. 7. Even if the target words are
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Table 6.
Mean response latency (msec) for words as functions of their

locations. in a semantic hierarchy (Experiment 7)

Test word type- . Latency

Tdrgét ifemﬁ

o Leveisal and 2 ' | 728
 Level 3.(h nodes) . 722
L S L 733
Level 3 {2 nodes) 755
Level b (List h-b)  693]
Level 4 (IList 4-2) . TAT
716
Level 4 (List 2-4) 724
Tevel L (List_E-E) _ 738_
Distractor items 708
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organized hierarcihically in the subject's. memory, it does not- appear to.
be the'Caseathat-awsearch.through-such_an.organizationwis necessary be-.
fore. a recognition decisicn can be made. Studies which have shown effects
of hierarchical organization have typically employed a task which requires
the sﬁbject.tofrecall,information about more than cne word (Collins and .
Quillian, 1969; Meyer, 1970), whereas the present tasgk.can be performed
adequately if only information‘abput the te;t_wqrd is retrieved.

 The significant results that were obtained are. more difficult to
“interpret than the lack of effects due to the level in = hierarchy. It
seemg to be. incompatible with earlier results that the subjects can re-
spond mere quickly to an item that is a member of & large subset_than_tq
one that belongs to.a smaller subset. A tentative explanation for this
result can be made on the bagis & the data from Experiment L, ‘It_was
demonstrated that semantic similarity between a distractor word and a
target can increase the fTamiliarity of the distractor,_resulting:ip_a.
slower negative response time. In the present experiment, items that_
are most highly related semantically are those that share the same
relative ‘pdsitions in the hierarchy. Tf the siudy of one word_serves to
Increage the familiarity value of related words, then one would expect
those words with the greatest number of similar words in the.target set
to have the highest mean familiarity. From this argument the predictien
that pesitive response latency sheuld be shortest to words that belong.
to & relative large subset can be made 1T the subset contains words that
are semantlcally releted. It is clear that any words at the same level
~in the hierarchy are closely related semantically, and the prediction

that response latencies should be shorter to a word which.is one of &
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"'for.judgments of word meanings. As in the present study, semantic

subset of four items at a given level than to one.which is one of a sub-
set of two is upheld by the. data in Table 6. ~'The explanation offered

‘ here is like the one proposed by Schaeffer and Wellace {1969) to account

gimilarity between test words Tacilitated the decisicn-that the words.

‘belonged to the same category.

Summary and Conclusions

' :A.simplified version of the model proposed earlier is sheown in Fig.

8. It is assumed that when a stimulus word is presented for a recegnition

test, the subject performs an initial, rapid access of the informatien
stored about the test item. ' This information provides the: subject with
a familiarity'rating for the word. Response decisions based on the
familiarity of the stimulus alone can be made veiy-quickly, but they
result in. a'x.'é'lat‘ively. high error rate. If the results of the initial
memory search do not provide the subject with enocugh informatien to re-
_spond..w.i.th'.:confidence (i.e., "if the familiarity wvalue is neither very
high nor very low) a secondary, extended memory search is performed

"before a response is emitted. This. latter search virtually guarantees

that the subject will arrive at the correct decision, but with a conse-
guent increase in response latency. By adjusting the criteria for
emitting responses basged or fsmillarity alene, the subject can achieve
a“stable level of performance, matching the speed and.accuracy of re-

“sponses to the demand characteristics of the experiment.

" The model provides a tentative explanation for the results of sev-
eral recognition-memory experiments. The memory and decision stages are

indicative of possible mechanisms:involved in recognition; we do not, -
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(Activate response].
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Fig. 8. Slmpllfled Tlow chart repregenting the Memory and decz.szon
' stages: involved in woxd recognition.
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hewever, claim. that they are exact descriptions of the processes involved.
The comparison of data with theoretical_predictions_ére repcrted mainly
to show. that many quantitativé features of our results can be adequately
described by the.model. The particular parameter estimates reported are
not te be interpreted too elosely,_sinée.the parameter épéce was fTairly
.shallow in the region where best fits5wére obtained; ccnéiderable play |
could be permitted in some of the estimates withoﬁf seriously affecting
the gocdness-of-fit.

ThéreKaﬁé1Séveral.encoufaging_points, however, which suggest that
memory” and decisioﬁistéfés;oflthe mbdel correspond to processing stages
of the sﬁbjéﬁf; .infrospeetive reports indicate that subjects may indeed
output a rapid response based on initlally retrieved.information about
the test stimulus. BSubjects report that thej are sometimes able to re-
spond almost immediately after the word. is presented before "knowing
for sure” if the item is a target or not. The same subjects report that
- on other trials they recall portions of the memorized list before giving
a response; The fact that subjects are always aware of thelr own errors
also supports the general eutline of tﬁe model; even if the initial
Tamiliarity of an item produées a4 decision to respond immediately, the
extended memory search continues, and results in the subjecf confirming
.that he has or has not made the correct respbnse, These .introspective
. reports lend support to the general theoretical representation, and go
beyond the goodness-of-fit demonstraticns. No other model that we have
yet considered combines these features into a workable alternative.

The data from our experiments provide clues regarding which fea-

tures of the test stimuli affect the various memory and decision processes.
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While the sources of these effects . are difficult to isolate, scme con- .

clusions .can be drawn. It appears that visual properties.cf the stimulus

raffect the ease with which it can be encoded and thus: the speed. of the:

S initial memory search. Words that contain infrequent speliing:patterns

or are visuwally. gquiie 'similar to eone another:.can result in longer re-

sponse-latencies. Othér factors. seem to influence the familiarity of..

" the tested word. These ineclude the lag since the word.was.last activated:
~in memory (either-through exposure to certain words. immediately. before

“the test. session, or through repeated tests during the,session):and,fhe

presentation of items relsted to the test. word. . v .

L While wel can . 1ist manipulations that affect the: familiarity of ..
- words,- the definitiOn oi* familiarity needs.-teo be more p:eciség'.Familﬁ
-iarity apparently depends on the time' since the last previous exposure

or retrieval of the word. A more general formulation would involve the

description of a word as.a stimulus and how it is Irepresented in memory.
If a word is represented - as a complex of features (Anisfeld and Knapp,
1968}, each feature (sementic, acoustic, visual, etc.) might be inde-
pendently time-tagged when activated in memory., This activation may

oceur when the word itself is tested, or when words similar on one or

“-more dimensions are presented. Familiarity could then-be based upon a

feature count, with familiarity increasing -with the number of tagged

features (Kintsch, 1970).- ~
A comparison between the data of the present -experiments and those

of short-term recognition studies is revealing. We have completed an

‘experiment (Juola and Atkinson, 1971) that uses the same paradigm as

‘Sternberg's (1966) ‘study.. The subjects were from the same pool as. those
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who participated in the experiments reported here, and the same apparatus
'iwas’uSed@m.Additionally, the stimulus words were the same as those used
in'Experiments.l through 3. In the Juola-Atkinscn experiment, each trizl
tegan with the auditcry presentation of a target set of from one:to four
words, follewed by the wvisual presentation. of a single-test word..  All
other features of the experiment were the same as for.thegstudies;rew

~ ported in:this paper. - The results showed response -latency to be a linear
.function.of the target set size, with the following best-fitting straight
1ine: 617 + 26d& (d=1 to ). In accord with Sternberg's findings, a much
larger target-set effect was found in the short-term. study (the slope
?arameter'was about 38 msec in the Sternberg (1966} experiment). .While
the overall response speed.was sglower than that reported by Sternberg, -
it was still considerably below that of any of the long-term experiments
‘reported ‘in this paper.

Scme conclusions-can becdrawn about similarities and differences
betveen ‘these two classes of experiments. Presumably, since new items
are constantly being presented and a given stimulus may change from
being & target on one trial to being a distractor on another, subjects
do not rely on the test stimulus' familiarity in the short-term experi-
ments. With the test set already in short-term memory it is possible to
initiate the "extended" search (in the sense of the previous discussion)
without first retrieving informmation from long-term memory. -Since this
“type of search-is target-set dependent, the greater set-size effects
observed.- i short-term recognition -studies are expected.

The overall responge latencies appear to be greater in the long-term

- -experiments than in.the.ghori-term recognition studies. This effect is
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presumably due {o the fact that Information must be retrieved from long-
term. memory .in the. former type of experiment before a decision can be
made. If an extended memory search is necessitated, additionsl informa-

tion must be retrieved resulting in an even Jlonger response latency. It

-is interesting to note that for-the models tested in the present paper,

the best representation of the extended search process had the same
mathematical form.as the one proposed by Sternberg to acoount for the
short-term studies (1 ee, linear functions w1th equal slope for both
targets and dlstraetors), While the overall data from these two classes
of experlments show marked differences, some features of the results
suggest that there may be common processes 1nvolved 1n.short term and

long-term recognitionu
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2The~reductienzin the strength of the interaction is apparently due to

a lag effect. Juola, et al. (1971) demonstrated that as the number of
items between successive presentations of any item increases, the effect
‘of ‘repetition decreases. -In Experiment 1, the number of trials increases
byﬂlz from-ene:bloCk;to”the;next; " Thus, the-iag between successive
presentations of the same test word also increages.

3

There was no effect on responSe.latency'of the segment (beginning,
mlddle, or end) ‘of the target 1ist that was tested. Therefore no

further dlstlnctlons will be made between groups on this ba51s,

ltIr‘lﬂthis papen we‘do not.consider leg.effects; i.e., tne number.of trials
intervening between one presgentatich ef.an ltem and its neituﬁresentg_
tion. Hewever, such effects do exist and can bhe significent under some
_experimental_conditions. To acceunt for_lag effects, ne would assume
that By inereases immediatelyrﬁpen the presentation.of an iten Eut

_‘over an extended perlod of tlme gradually drifts back to its tnltlal

valueo For a dlscuSSlon of thls problem and data see Juola et ala,

(1971).
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