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Associative Interference and Retrieval Dynamics in Yes-No
Recall and Recognition.

Wayne A. Wickelgren and Albert T. Corbett

University of Oregon

Recall dynamics of an A-B paired associate were studied by a new speed-
accuracy tradeoff method: Present A; wait a variable-lag time; present B,
followed 200 msec later by a signal to make a yes-no decision within 200
msec. Recognition memory dynamics were studied by the method of Reed:
Present an A-B pair; wait a variable lag; present a signal to make a yes-no
response within 200 msec. Recall strength was about half of recognition
strength, compatible with the hypothesis that recall tapped only the forward
association, while recognition used both forward and backward associations.
Memory retrieval dynamics in recall and recognition appeared identical. The
A-B, A-C associative interference had a small retarding effect on retrieval
dynamics for an A-B association, and the effect was about the same for
recall and recognition. The effect was approximately half that predicted by
the simplest serial search model of memory retrieval. The findings are com-
patible with a direct-access model for retrieval, with interference producing
a modest retardation in both recognition and recall dynamics.

-~ There appear to be two basic modes for elementary act of probe recall or recogni-
retrieving information stored in human tion for paired associates. We are not study-

memory : recall and recognition. Despite a
great deal of research on this topic, it is fair
to say that there is no general agreement on
the relation between these modes. For an
introduction to this literature and a brief
review of some representative theoretical
positions, see Tulving and Watkins (1973).
‘The present study does not presume to re-
solve this problem. However, we have in-
vented a speed-accuracy tradeoff method for
studying the dynamics of memory retrieval
in recall that may be useful in studying the
rclationship between recall and recognition.
This article describes the method and uses it
to compare retrieval dynamics in recall and
recognition as a function of the presence or
ahsence of associative interference.

The present study is concerned with basic
retrieval processes that underlie a single
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ing the complex combination of elementary
acts of recall and recognition that produces
free recall of long lists or recognition of
items under conditions in which subjects
have lots of time and are free to recall addi-
tional material, go back and change answers,
and so forth. Theories of the relation be-
tween complex processes such as free recall
and multiple-item recognition may have
very little in common with theories of
the relation between elementary recall and
recognition.

Before proceeding to describe our method
for studying recall, it is necessary to describe
the speed-accuracy tradeoff method for
studying recognition memory as developed
by Reed (1973, 1976). For the sake of sin-
plicity, we shall describe Reed’s method as
we have used it to study paired-associate
recognition memory. First, subjects learned
a list of A-B pairs. Recognition memory
for the pairs was then tested by presenting
a correct A-B or an incorrect A-D pair,
followed by a variable lag ranging from .2
to 4 sec, followed by a tone which signaled

- the subject to make a yes-no recognition
189
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response about 200 msec after the onset of
the tone. The accuracy of recognition meni-
ory performance is assessed using a d’ mea-
sure of the discriminability of correct and
incorrect pairs. The dynamics of the re-
trieval process in recognition memory are
assessed by plotting this ¢’ accuracy variahle
as a function of the increase in processing
time for the pair. Becausc subjects’ reaction
times following: the response signal (the
tonc) are typically not preciscly constant
over the different lag times, this speed—
accuracy tradeoff function for recognition
dynamics typically plots recognition accu-
racy as a function of the total processing
time (lag + mcan responsc latency at that
lag).

Speed-accuracy tradeoff methods can be
applied to the study of conventional recall
in a reasonably straightforward way by em-
ploying verbal recall and a deadline proce-
dure. One presents the A cue and requires
subjects in some block of trials to attempt
to recall the B item hefore a deadline of,
say, .5 sec, 1 sec, or 2 sec. Both Houston
(1968) and Murdock (1968) have em-
ployed essentially this type of speed-accu-
racy tradeoff procedure in the study of con-
ventional recall. However, there are some
disadvantages to this method.

First, the deadline method has some de-
ficiencies compared to the response-signal
method as a means of generating speed-
accuracy tradeoff functions, most notably the
defect that since a given deadline condition
must be run in a homogeneous block of
trials (or else be cued in advance of each
trial), subjects may be operating with dif-
ferent strategies during the first 500 msec
of a 500-msec deadline condition than dur-
ing the first 500 msec of a 1-sec deadline
conditian, and so on. Furthermore, it is
more difficult to get a low variance (tightly
packed distribution) of reaction times using
the deadline method as compared to using
the response-signal method. On the other
hand, the response-signal method has the
disadvantages of requiring processing of an
additional signal (the response cue) and
possible changes in expectation of that sig-
nal as a function of lag.

Second, it is not feasible to use key-press
responses for multiple-choice recall with a
large number of alternative responses. Thus,
one is forced to use vocal responses and a
voice key for both recall and recognition
niemory to maximize comparability,

Third, although either probahility-correct
or d’ can be used as an accuracy measure
for both recall and recognition, the proba-
bility of a correct response is not very suit-
able as a measure of performance accuracy
in recognition hecause of its sensitivity to
response bias. Iowever, the decision-making
assumptions involved in computing d' for
recall are different from the assumptions
made for recognition. The validity of the
decision-making assumptions for recall are
far from heing established for even small,
well-defined populations of response alterna-
tives, let alone for large, unspecified popu-
lations of alternatives (such as English
words).

Fourth, when there is more than one cor-
rect response to a stimulus item (i.e., when
both A-B and A-C pairs have heen
learned), recall of both response items is
necessarily sequential due to the characteris-
tics of the speech output process. [his is
true regardless of whether the earlier mem-
ory retrieval process for the B and C asso-
ciates is serial or parallel. As a consequence
of the serial character of the output process,
most people probably assume that the re-
trieval process in recall is intrinsically serial.
As we shall see, the results of the present
study suggest that this may not be the case.

Accordingly, the following method was
devised to study the retrieval process in
recall. Presentation of the A item was fol-
lowed after a variable lag ranging from .1
sec to 3.9 sec by presentation of the correct
B item or an incorrect D item, followed after
a fixed .2 sec by presentation of a tone sig-
naling subjects to make a yes-no response
as to whether the second item was or was
not a correct associate of the A item. Dur-
ing the lag between presentation of the first
(A) item and the second (B or D) item,
subjects were to attempt to recall the asso-
ciates of the A item so as to be able to make
a fast yes-no decision about whether the
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second item was or was not a correct asso-
viate. As with the speed-accuracy tradeoff
method for recognition, subjects were in-
structed to make this yes-no response about
200 msec following the response signal. The
response signal occurred 200 msec after pre-
sentation of the second item so that subjects
would have time to process that item and to
match it to what was recalled in response to
the A itemn,

Based on the results of Corbett (Note 1)
and Dosher (Note 2) and the present study,
we know that the 400 msec that elapsed
following presentation of the second (B or
D) item before the subject made his yes or
10 response is inadequate to achieve above-
chance responding using a recognition pro-
cess applied to the A-B or A-I) pair. Thus,
any increase in the accuracy of yes—no re-
vall as a function of increasing the lag be-
tween presentation of the first and second
items seems likely to be based on some kind
of recall process initiated by the A item. It
is parsimonious to assume that this recall
process is identical to the initial memory
retrieval phase of conventional recall, that is;
the period of memory retrieval prior to the
decision (output) phase of conventional re-
call. According to this hypothesis, yes-no
recall and conventional recall share an ini-
tial-recall memory retrieval process but have
different decision processes, yes—no recall
having a decision process comparable to
yes-no recognition, but conventional recall
typically requiring a choice among many al-
ternative responses. This hypothesis is parsi-
monious and has considerable face validity,
and we will discuss our results having made
this assumption. However, one must be
mindful of the possibHity that yes—no recall
has nothing in common with conventional
recall.

In the present experiment, recognition
and yes-no recall are used to study mem-
ory for A-B associations learned with and
without associative interference. Associative
interference was produced by having sub-
jects learn both an A-B and an A-C asso-
ciation, Thus, there are four basic conditions
in our study: (a) pair recognition without
associative interference, (b) pair recogni-

tion with associative interference, (c) yes—
no recall without associative interference,
and (d) yes-no recall with associative in-
terference.

To produce learning of the no-interference
A-B associations, subjects constructed a
visual image involving both the A and B
words. To learn the interference A-B, A-C
associations, subjects constructed a visual
image uniting an A-B-C word triple into
a common visual image under the instruc-
tion that memory would only be tested for
the A-B or A—~C (not the B-C) association.
Visual-image mnemonics were employed to
produce rapid learning of a large number of
pairs and triples in order to allow time for
a large number of test trials in each session.
The reader should keep in mind that the
results of the associative interfercnce condi-
tion under either yes—no recall or recogni-
tion might have been different had subjects
learned A-B and A-C as scparate pairs
rather than uniting them into a common
image. Furthermore, although it now ap-
pears likely that much, if not all, paired-
associate learning of word pairs proceeds by
means of forming propositional or image
chunks (Anderson & Bower, 1973), the re-
sults of the present study are relevant only
for memory retrieval under conditions of
learning by visual-image chunking.

Method

One basic memory retrieval experiment was run
using the four conditions specified earlier. In all,
six subjects were run in these four conditions, The
experiment was run in two phases with three suh-
jects in each phase and some (presumably small)
differences in procedure., In addition, after run-
ning the first three subjects in the retrieval task,
a useful control experiment occurred to us, $0 we
ran the first three subjects in it. Accurate per-
formance in the control experiment was then used
as a selection criterion to choose the three subjects
for the second phase of the experiment. For clarity,
the experiments are described in the order Phase
1, Control Experiment, Phase 2.

Phase 1

Subjects. Three subjects (P.B, EC, and S§.5.)
were paid $2 per hour to participate in the experi-
ment.

Materials. A list of 1,200 high-imagery words
was compiled from the Paivio, Yuille, and Madi-
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gan (196R) norms, the Kucera and Francis (1967)
norms, and the American College Dictionary., In
compiling the list, synonyms of words already in
the list were not included. Synonymity and imagery
decisions were based on the experimenter's judg-
ment.

Procedure,  Subjects participated in {wo  scs-
sions a day, one in the morning and one in the
afternoon, each approximately 75 min. long, Each
session was divided into a learning scssion and
a test session. Stimuli were presented on a eath-
ode-ray tube in hoth learning and testing. The ex-
periment was controlled hy a PDP-15 computer.
All three subjects were run simultaneously on one
station.

carning. At the beginning of cach session, sub-
jects were presented with a list of 13 word pairs
and 13 word triples. The pairs and triples were
randomly seclected from the list of 1,200 words. No
word appeared in more than onc pair or triple
across the entire experiment. One pair and one
triple were displayed at the beginning of each
scssion, These were employed as practice stimuli
in the test session., They were followed by the re-
maining pairs and triples randomly intermixed. A
tone was sounded each time a new pair or triple
appeared. One element (A) appeared on the left
side of the display screen. The sccond element of
a pair (B) appeared on the right side. The second
(B) and third (C) elements of the triples ap-
peiared on the right side of the screen, one above
the other. Subjects were {old that in the test scs-
sion the A item would appear on the screen- and
that they would be asked to recognize or recall the
B (and C) items. Lach pair and triple remained
on the screen for 3 sec in the learning phase. Suh-
jects were instructed to use visunl-image mne-
monics to learn the pairs and triples and were
given instructions in imaging.

Test. The test phase was initiated shortly after
learning (within 5 min.). The test session con-
sisted of 396 trials divided into six blocks of 66
trials each. The first 12 trials in each session were

Table 1

practice trials and were not included in the anal-
ysis. Each test session consisted entirely of recog-
nition or entirely of recall trials. On each day
there was one recognition and one recall session
(in random order). Subjects were informed of the
nature of the test after learning and before the
test phase. There were three preliminary practice
sessions in recognition and three in recall followed
by six recognition sessions and six recall sessious
that comprised the experiment,

Recognition. At the beginning of each trial
READY appearcd on the display screen for 1,000
msec, then was immmediately replaced by a test pair
with one word displayed above the other. The top
word was an A item and the hottom word was a
B, C, or D item. The test stimulus was always a
pair, regardless of whether the A item was from
a pair or a triple. There was no indication in the
display of whether a pair or a triple was being
tested. Subjects were to decide if the two items
had occurred in the same pair or triple. At a vari-
able interval, or lag, after the onset of the test pair,
the test pair was shut off and a 1,000-H: auditory
response signal was presented for 50 msec. Sub-
jects were instructed to make a yes-no recognition
response by pushing one of two keys immediately
after the tone onset (ahout 200 msec). They were
instructed to respond quickly even if they had not
finished deciding whether the two words had oc-
curred together. In the practice sessions, subjccts
were encouraged to respond within 200--300 msce
of the tone, and eventually to redure their latencies
to around 200 msec. When all the subjects had
responded, RATE appeared on the screen, and the
subjects had 3,000 msec to rate their confidence
on a scale from 1 to 4. The subject was instructed
to think back and rate his coufidence in his yes-no
decision at the time that decision was made, not
his confidence at the time of the confidence rating
itself. After the confidence rating, each subject was
given feedback on his latency from tone onset. This
feedback remained on the screen for 2,000 msec,
then READY appeared and a new trial began. The

T'ime Course of the Recognition and Yes—-No Recall Task

Recognition sequence Time in msec

Recall sequence Time in msec

READY - 1,000
Present A-B, A-C, or A-D 200-4,000

Tone 50

Tone onset to response 200 (.pproximately)
RATE 3,000
Feedback 2,000

READY 1,000
Present A 100--3,900
Present B, C, or D ' 200
Tone 50
‘Tone onset to response 200 (approximatcly)
RATE 3,000

Feedback 2,000
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lags emiployed in the recognition task (ic., the
time hetween stimulus and response cue onset)
were 200, 300, 400, 600, 900, 1,200, 2,500, and
4,000 msec. A diagram of the proccdures for both
recognition and yes-nn recall is shown in Table 1.

Recall.  As in recognition, READY appeared on
the screen for 1,000 mscc at the beginning of each
trial. It was then replaced by a single word, an
A item, on the left-hand side of the screen. Subjects
were instructed to attempt to recall the word(s)
which occurred in the same pair or triple as the
A member in learning. Again, there was no indi-
cation in the display of whether the A item oc-
curred i a pair or in a triple in learning. At a
variable interval after the onset of the A item,
the A itemt was removed and a second ftem (i
I, C,or 1) item) appeared directly helow where
the first word had appeared. Subjects were 1o de-
cide if this second item matehed the item(s) that
the subject had recalled in response to the A item.
Two-hundred msec after the second itemn appeared,
thit item was removed and the 50-msec response
cue was presented. Again, subjects were to re-
spond immediately (about 200 msec) after the
response-cue onset. As in recognition, a yes-no
response was required. The trial then proceeded
cxactly as a trial did in the recognition task: The
subjects rated their confidence in their decision
and were given feedback concerning their response
latency from the response cue. The lags employed
in recall (the times from onset of the A item to
response-cue onset) were 300, 400, 500, 700, 1,000,
1,300, 2,600, and 4,100 msec. The intervals from the
A item to the second item were, of course, 200 msec
shorter. The lag times from presentation of A to
the response signal were increased by 100 msec
from the recognition conditions because it was
thought - (incorrectly) that yes-no recall dynamics
would be slower than recognition dynamics.

Design.  In both recognition and recall, each
pair and triple was tested eight times with correct
items and eight times with incorrect items, once
at each lag. In testing triples correctly, the B
item and C item were each employed four times.
In testing a given triple or pair, the incorrect test
item (1)) was randomly selected from the B and
C members of the four pairs and triples which
occurred just before or just after the A-B or
A-B-C unit in learning, -with the constraint that
each of the eight pairs and triples contributed a
B or C item for one of the eight incorrect testings
of the A unit.

Matching Control Experiment

In the yes-no recall design, subjects were al-
lowed 400 msec in which to match the second word
to the words they had retrieved in response to the
first word. A second study was run to determine
how accurately subjects can match two words in
400 msec independent of memory retrieval, An es-
timate of this accuracy is necessary to evaluate
the results of the yes-no recall study.

! B UK

Subjects. The same three subjects as in Ex-
periment 1 were paid $2 per hour to participate
in this experiment.

Materials, The stimuli in this experiment con-
sisted of a subsct of the B and C items from the
six yes-no recall sessions of Experiment 1.

Procedure.  This study was controlled hy the
PDP-15 as in Experiment 1. Subjects participated
in two sessions a day, onc in the morning and one
in the afternoon. At the beginning of each session,
subjects were presented with a list of 52 words.
The words were presented 1 at a time, each for
3 see. The onset of each word was accompanied
by a tone, The first 2 words served as practice
words in the session. Subjects were  instructed
just 1o ook at the words, not to altemipt to learn
them. The words were presented to fniliarize the
subjects with the words and to incrense the simi-
larity of this control study 1o the yes-no recall
task. l'ollowing the presentation of the list the
subjects participated in & test session.

Test. The test trials were very similar to those
in the yes-no recall task., At the beginning of each
trial kEAVY appeared on the screen for 1,000 msec,
then was immediately replaced by a single word on
the left-hand side of the display scrcen. At a vari-
able intcrval after the onset of this first item
(A), the item disappeared and a sccond item (B)
appeared on the screen directly below where the A
item had appeared. In this task subjects were
asked to decide if the B item matched the A item,
that is, if the two words were identical. Two-
hundred msec after onset of the B item, that item
was removed and a 50-msec tone sounded. Sub-
jects were instructed to respond with latencies of
about 200 msec from the tone. After making this
yes-no response, subjects rated their confidence
in their decision at the time that the yes-no deci-
sion was made, on a scale from 1 to 4. After
rating confidence, the subjects were given feed-
back concerning their response latency. There were
four lags between the A iten and tone in this
experiment: 300, 700, 1,300, and 4,100 msec.

There were 408 test trials in each session. The
first 8 trials were practice and were not included
in the analysis. Each of the 50 test words was
tested once positively and once negatively at each
of the four lags. Subjects participated in four prac-
tice sessions and then in two test sessions.

Phase 2

We felt that the results from the first three sub-
jects required replication, especially with subjects
who were known to be ahle to perform at a high
level of accuracy in the matching control task.
Accordingly, two additional groups of three sub-
jects each participated in the matching control ex-
periment, These subjects practiced in eight ses-
sions, then were tested in two sessions. Of the six
subjects, the three most accurate in this control
study (C.L., CM,, and S.J.) then participated in
the recognition and yes-no recall tasks. The pro-
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cedures deseribed in' Experiment 1 were followed
exactly, with the following exceptions. I'he two
sessions each day were run in the afternoon and
evening. Subjects were instructed to respond aboot
200 msec after the response cue (rathor than heing
instructed to respond immediately after the cue).
The study time per pair and triple in learning was
gradually reduced across days from 3,000 msec to
1,500 msce. Study time was always constant for
the two sessions in onc day. Study time was de-
creased so that accuracy remained measurable
(finite d') as subjects improved with practice.

" Results

The dy measure was used (o assess accy-
racy in the matching, yes-no recall, and rec-
ognition tasks. The dp measure is a d'-type
score based on two probabilities: (a) a yes
response under a hit condition and (b) its
comparable false-alarm condition, but ad-
justed for the effects of non-unit slope as
indicated by the confidence judgment data.
Computation of the dy accuracy measure is
described in detail by Reed (1973). Tor
statistical comparisons we adopted a signifi-
cance level of 01,

Matching Control Tash

Table 2 presents the mean latencies and
dr accuracy levels at each lag condition in
the matching control task, All three subjects
used in Experiment 2 and Subject P.B. from
Experiment 1 achieved very high accuracy
on the matching control task. Thus, for these
four subjects it is quite reasonable to assume
that the process of matching the test item
to an internally recalled item posed no great
problem and did not have a significant de-
pressing effect on the dy accuracy score ob-

Table 2
Matching Control Task

tained for yes-no recall at any e For suly-
jects E.Cand S.S. in Experiment 1, it s
possible that the accuracy level in the YOS
no recall task somewhat underestimates the
true value as a result of these two subjects’
difficulties in performing the matching out-
put task. However, to the extent that the
underestimation is a constant proportion
across the different lags, it need not affect
the time intercept or rate parameters of the
yes—no recall retrieval functions, Although,
as indicated in Table 2, the underestimnation
for Subjects I3.C. and S.S. appears to be
slightly greater for short than for long lags,
it scems hest to consider the data from all
six subjects. However, it should be kept in
mind that the results for Subjects E.C. and
S.S. in the yes-no recall task may be biased
by their difficulty in performing the output
or decision phase of the yes-no recall task in
the brief time permitted.

Lag-ILatency Functions

The average latency for all six stthjects
in cach of the four conditions in the experi-
ment at each of the eight possible lags is
shown in Table 3. There were some small
individual differences in the form of the lag—
latency function across individual subjects,
but, on the whole, the average function re-
flects individual functions rather well,

There are two interesting points to make
concerning the lag-latency functions. ¥ irst,
while recognition showed a modest decline in
latency of about 60 or 70 msec, from the
shortest lag of 200 msec to the longest lag
of 4 sec, yes—no recall latencies were almost

-

Subject
P.B. E.C. S.S. C.L. C.M. S.J.

Lag
(msec) dr ¢ dr ¢t dr dy 14 dr 14 dr 1

300 4.7 175 1.0 154 1.2 147 2.8 144 3.7 224 3.2 204

700 1.2 164 1.7 151 L5 170 3.7 129 3.9 196 4.3 211
1,300 66 174 1.8 173 1.4 182 44 140 36 222 -~ 35 197
4,100 7.7 181 2,7 169 1.6 191 34 144 3.0 225 3.6 176

Note, t = mean latency (msec) of yes and no responses for both match and nonmatch conditions,
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completely invariant as a function of lag. In
part this may be bhecause the shortest lag
for yes-no recall wis 300 misee, while the
shortest lay for recognition was 200 misee.
However, only abont 20 msee of the drop
in recognition memory can be accounted for
in this way. Sceond, there was virtually no
difference in the lag-latency function for
pairs and triples in recdgnition memory and
only a rather small (average 16 msec) dif-
ference between the pairs and triples condi-
tions in yes-no recall. In bhoth recall and
recognition, there was no difference in the
form of the lag-latency functions for pairs
versus triples.

There may he some deep theoretical rea-
sons why recall and recognition show
slightlv different lag-latency functions and
why recognition latencies show a small de-
cline as a function of lag. lHowever, at this
stage in our understanding of the speed—
accuracy tradeoff method, we assume that
latency differences merely reflect strategy
differences in when 1o respond. In any
cvent, the small differences in latency for
different conditions and lags do not abscure
the fact that a remarkable degree of invari-
ance in latency as a function of lag can he
achieved using the response-signal method.
It seems entirely reasonable at this point to
assume that small differences that remain in
latency for different lags are satisfactorily
icorporated into speed—-accuracy functions
by adding the mean latency to the lag time
and plotting accuracy as a function of this
fotal processing time. Accordingly, the in-
dependent retrieval-time variables in the
speed-accuracy tradeoff functions reported
in the following section are the sum of lag
plus mean latency for the individual subject
at that lag.

Individual Speed—Accuracy Tradeoff
I'unctions

The hit and false-alarm rates in each con-
dition of the experiment are shown in Table
4. These were transformed to drp accuracy
scores to eliminate differences in response
bias. A 2 X 2 X 8 X 6 analysis of variance
on the dp scores demonstrated significant
nain cffects of retrieval lag, F(7, 35) =

Tuble 3
Average Lag Lalency Functions

Recognition litencises Yes Noreeall

(msce) latencies (imsec)
Lag I'ri- Lag Tri-
(msee)  Pairs ples (msee)  Pairs ples
200 234 236 300 177 189
300 213 220 400 174 183
400 195 202 500 176 185
000 176 184 700 172 189
900 170 178 1,000 165 188
1,200 173 174 1,300 173 196
2,500 173 176 2,600 181 200
4,000 165 171 4,100 178 198

Average 187

193 Average 175 191
22.6, MS, = 1.338; associative interference,
(1, 5) = 36.3, MS, = 1.328; and recogni-
tion versus recall, F(1, 5) = 180, MS, =
4.011. The interaction hetween lag and in-
terference was significant, F(7, 35) = 6.4,
MS., = .213, as was the interaction between
lag and recognition versus recall, 17(7, 35)
= 10.2, M§, = 813, showing that the effects
of interference and recognition versus recall
are primarily on the asymptotes (at long
lags). No other interactions were significant.

The speed-accuracy tradeoff functions for
each of the four conditions for each of the
six subjects in the experiment are shown
in Figure 1. The theorctical lines for each
condition shown in Figure 1 were obtained
by assuming that speed-accuracy  tradeoff
functions have the form of an exponential
approach to a limit following a period of
chance accuracy from 0 sec of retrieval time
up to some time intercept (8), that is to
say, an equation of the form

de=A(l—ePTo), (1)

where [T —8] =T —~8 for T>8 and 0
elsewhere. No theoretical significance at-
taches to the choice of the exponential ap-
proach to a limit as the form of the retrieval
function. The choice is based on the fact
that the exponential approach to a limit has
provided rather good fit to speed~dccuracy
tradeoff functions in this study and previous
studies of retrieval dynamics, with no syste-
matic deviations across all studies (Cor-
bett, Note 1; Dosher, 1976),
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Table 4
it and False-Alarm (FA) Rutes
Subject
P.B. E.C. S.S. C.L. CM S.J.
Lag % % % % % % % % % % % %
(msec) hit FA hit FA hit FA hit FA hit FA hit FA
Recognition pairs

200 76 61 49 69 82 83 69 58 44 43 85 64

300 8 49 67 58 88 85 88 30 71 43 65 54

400 86 33 n 46 83 67 89 18 78 22 75 29

600 93 7 K8 15 90 26 96 7 92 8 86 12

9200 100 1 97 4 96 15 94 8 100 3 89 8
1,200 99 0 97 6 100 11 96 8 96 3 96 6
2,500 100 0 100 6 99 1 97 3 100 3 89 10
4,000 99 0 100 3 . 97 4 97 4 99 1 92 8

Recognition triples

200 68 68 58 58 83 89 64 57 40 44 78 62

300 68 43 50 53 81 68 57 40 40 40 61 43

400 72 40 35 40 82 57 65 26 3§ 25 58 33

600 81 11 56 22 85 31 5 1§ 54 15 76 19

900 97 6 81 14 89 22 85 22 75 19 81 17
1,200 99 3 72 17 8 17 79 15 ;89 6 83 12
2,500 9 0 82 8 92 19 79 8 83 6 89 11
4,000 100 0 89 19 89 10 88 3 81 4 89 7

Recall pairs

300 89 76 67 69 79 71 68 47 53 33 79 72

400 86 49 67 67 81 69 9 22 49 25 78 50

500 94 36 75 51 78 58 82 28 63 17 88 39

700 90 22 4 26 90 38 78 13 8 12 81 26
1,000 94 22 72 28 76 47 83 2 88 12 83 32
1,300 9% 19 85 25 72 35 85 8 82 6 88 21
2,600 90 14 6 12 4 44 81 15 82 3 7% 19
4,100 93 22 79 8 89 24 90 24 86 ? 85 15

Recall triples

300 82 69 61 60 86 76 61 51 33 30 69 62

400 69 47 53 65 74 76 4 32 32 40 64 60

500 78 50 50 49 75 74 64 28 40 21 57 42

700 8 32 54 40 82 57 64 15 42 15 6S 38
1,000 9 39 60 40 83 65 67 19 57 22 62 25
1,300 75 29 58 31 82 46 60 26 46 26 57 2%
2,600 88 19 53 26 79 S0 71 26 49 10 53 28
4,100 71 14 S0 17 72 42 64 31 44 17 54 15

With the three-parameter exponential
function, the theoretical fit with minimum
predictive error is obtained by allowing
all three parameters (intercept, rate, and
asymptote) to be different in each condition
and for each subject, The asymptote param-
cter (A) represents the difference between
the mean strength of correct A-B associa-

tions and incorrect A-D associations in
memory storage, given unlimited retrieval
time. It is obvious from Figure 1 that A
must in general be assumed to be different
for each of the four conditions, with recog-
nition conditions having A values approxi-
mately twice that of comparable recall con-
ditions and with A values for pairs (no in-
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terference) being somewhat greater than
that for triples (interference).

However, simple inspection of the results
in TFigure 1 suggests the possibility that the

time-intercept and rate parameters for the
four different conditions may not be differ-
ent. To determine whether there were any
systematic differences in the intercept (8)
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Figure 1. Speed-accuracy tradeoff functions for the recognition pairs (no intcrference); recog-
nition triples (A-B, A-C interference), recall pairs (no interference), and recall triples (A-B,

A-C interference) conditions.
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or rate () parameters for the varions con-
ditions, we perforined a variety of goodness-
of-fit tests, nmaking  different assumptions
concerning the values of the § and B param-
cters across the four conditions,

At the opposite extreme of assuming four
different 8 valles and four different 8 values
for the four different conditions, we might
assume a single § parameter and a single g8
parameter for all four conditions. Accord-
ingly, both the 4-8, 4-8 model and the 1-8,
1-8 model were fitted to the dr data for each
subject. A variety of other models were also
fitted to the data, including 1-8, 4-8; 4-8,
1-B; 2-8 pairs versus triples, 1-8; 1-5, 2-8
pairs versus triples; 2-8 pairs versus triples,
2-B pairs versus triples; and 2-8 pairs ver-
sus triples, 2-8 recall versus recognition.
The goodness-of-fit procedure was basically
the same as that described by Reed (1976),
namely, varying the paranieters of any given
model and using an iterative hillelimbing
algorithm  which  mininiized the squared
crror between the theoretical and empirical
dy values. To be able to make a fair com-
parison of models having a different number
of free parameters, the goodness-of-fit sta-
tistic was R? the percentage of variance
accomnted for, but adjusted for the number
of free parameters using the following
formula:

s
X di—d)/(N -k
Rt =1 — I

,, » (2)
42.:. (di = DY/ (N - 1)

where N is the number of empirical points
dy, k is the number of free parameters in
the theoretical function, d, is the empirical
dr value for condition i, d; is the theoretical
dv value for condition i, and d is the grand
mean of d.

Using this measure to compare goodness
of fit for different models, it does not appear
necessary to assume four different time in-
tercepts and four different rates for the four
different conditions. Actually, a reasonably
good fit is obtained by assuming a single
time-intercept and rate parameter for all four
conditions for any given subject. The aver-

WAYNIE AL WICKELGREN AND ALBERT F. CORBETT

age N (aver subjects) for the 1.5, 1B
madel s .72, while the average ¢ for the
4-8, 4-8 madel is only .08, The model pro-
viding the hest fit was 2-8(pairs vs, triples),
1-8, with an average 8 = 0033 (averaged
over the six subjects), an average pairs § =
455 msec, and an average triples & = 524
msec. This model is the one used to draw
the theoretical lines in Figure 1. The best-
fitting parameter values for each subject for
this model, along with the R? values are
shown in Table §. .

The 2-8 (pairs vs. triples), 1-8 model had
an average R* = .76, which was only margi-
nally superior to the average R? = .75 for
the 1-3, 2-8 (pairs vs. triples) model, with
an average 8 = .0044 for pairs and an aver-
age B =.0028 for triples. The fit was not
improved by assuming that hoth § and g
were different for pairs and triples. Obvi-
ously, we cannot decide whether the time
intercept is increased or the rate of retrieval
is decreased from pairs to triples, but it is
clear that retrieval dynamics is somewhat
slower in both recall and recognition in the

Table §
Parameter Estimates and Goodness of Fil for
the 2-8 (pairs vs. triples), 1-B8 Model®

Recognition Yes-No recall
Suhject Pairs Triples Pairs Triples 8 R?
P.B.
A 7.9 6.3 4.2 2.1 0021 RS
é 420 479 420 479
E.C.
A 4.6 2.3 1.9 .8 0033 87
8 857 687 557 657
S.S.
A 3.4 28 1.3 9 D028 .66
¢ 499 499 499 499
C.L.

3.2 2.1 1.9 1.1 0062 79
é 408 475 408 475
C.M,
A 5.7 3.0 Al 1.0 0025 91
é 438 560 438 560
S.J.
A 3.2 2.6 2.1 .9 0027 47
[ 405 476 408 476
Average

4.7 31 2.4 1.1 0033 76
é 435 524 438 524

* Using the equation dr = A(1 — eIy,
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triples condition. owever, it shounld ulso
be noted that the effect on retrieval dy-
namics is not too large in either recall or
recognition,

Tests of the 4-5, 1-8 model indicated quite
clearly that the intercepts are either identical
or close to identical for recall and recogni-
tion. T'ests of the 1-8, 4-8 model also indi-
cated little or no difference in retrieval rate
(B) for recall and recognition. The 2-3
(pairs vs. triples), 2-8 (recall vs. recogni-
tion) model had an average R* = .76, no
better than the fit of the simpler 2.5, 1-8
model. Furthermore, the average recognition
B was .0030 and the average recall 8 was
0038, a rather small difference. There
would appear to be little or no support in
the present data for any difference in re-
trieval dynamics for yes-no recall as com-
pared to recognition.

Another rather surprising finding deserves
comment : In the triples condition for yes~no
recall, subjects had to recall both the B and
C associates of the A item during the lag
time. One might expect memory retrieval to
be much slower in this condition, on the
hypothesis that one can recall only one item
at a time. The results gave little support to
this hypothesis. Instead, we obtained ap-
proximately the same form and retrieval rate
(B) in the speed-accuracy tradeoff function
for this condition as in the other three con-
ditions. In the 4-§, 1-8 model, there was a
somewhat greater difference in intercept (8)
between recall pairs and triples (averaging
98 msec) than hetween recognition pairs and
triples (averaging 54 msec). However, this
difference is small compared to the time
course of retrieval dynamics and assuming
this difference in 8 values for recall versus
recognition did not improve the goodness of
lit when adjusted for the incrcase in the
number of free parameters,

There is approximately a 2:1 difference
in the asymptotic strength (A values) for
the recognition conditions as compared to
the recall conditions, with the difference
being slightly less than 2:1 for recognition
versus recall pairs and greater than 2:1 for
recognition versus recall triples. The reduc-
tion in asymptote (A) for the recall triples
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condition is perliaps the most striking clif-
ference hetween this condition and the other
threc.

Group Speed-tecuracy Tradeoff Functions

Recause the specd-accuracy tradeoff func-
tions in each condition were not very differ-
ent for different individuals, it is possible to
pool the data across subjects and obtain
group functions that do not substantially dis-
tort the results obtained for individual sub-
jects. This allows us to assess the effect of
a confounding that occurred in the compari-
son of pairs and triples for individual sub-
jects. In the design of the experiment, each
pair and each triple were tested correctly
cight times in a session. Since cach triple
had two tested associations, A~B and A-C,
each individual association was tested only
four times in the triples condition as against
eight times in the pairs condition. Hence,
the somewhat faster retrieval dynamics oh-
tained in the pairs condition may have re-
sulted from greater frequency of testing each
association in that condition than in the triples
condition. There are not enough data to sub-
divide the pairs condition into the first four
versus the second four tests and get rea-
sonable speed-accuracy tradeoff functions
for individual subjects, but this can he done
with the pooled group data. Making this
subdivision, we now have six conditions de-
rived from two factors: recognition versus
recall and first pairs versus second pairs
versus triples,

An exponential approach to a limit pro-
vided an even better fit to the pooled data
than to the individual data, confirming the
absence of systematic deviations from this
form of retrieval function for individual sub-
jects. Once again, the 1-8, 1-8 model pro-
vided the poorest it (R? = .86). The best
fits (R*= .92 to .93) were obtained for
models that assumed a reduction in the in-
tercept parameter (8) as a function of re-
peated testing (first pairs and triples vs.
second pairs). Thus, repeated retrieval of
the same association over the course of an
hour appears to produce a reduction in the
intercept amounting in this case to a dif-
ference of about 60 msec (§ = 483 msec for
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first pairs and triples vs. § = 419 msec for
second pairs).

When the differential effects of repeated
retrieval were eliminated by comparing first
pairs and triples, there was still some re-
maining difference in the direction of either
a greater intercept for the triples condition
(8 = 496 msec for triples vs. 8 = 478 msec
for first pairs) or a slower rate parameter
for triples (8 = .0025 for triples vs, 8 =
0031 for pairs). Thus, there was some evi-
dence for a small slowing of retrieval dy-
namics (20 msec reduction in the intercept
or a 20% reduction in the rate parameter)
when there were two competing associations
(A-B and A-C) versus no associative in-
terference (A-B only). A small effect of
associative interference on retrieval dynam-
ics of almost exactly the same magnitude
-was also obtained hy Dosher (Note 2).
Thus, there does appear to be an associative
interference effect in retrieval dynamics, but
it is a very small effect—considerably
sinaller than the effect of repeated retrieval.

In the group functions, there was also an
indication of a modest difference between
recall and recognition in retrieval dynamics
in the direction of faster rate of retrieval in
recall (8 = .0038) than in recognition (8 =
.0026). However, the assumption of a dif-
ference in rate between recall and recogni-
tion in addition to the cffects of repeated
retrieval and associative interference did not
produce any significant improvement in fit
(R* =931 vs. .930), just as it did not im-
prove the fit in the individual analyses.
However, it is possible that retrieval of a
(presumably) unidirectional association in
yes-no recall is faster than retrieval of (pre-
sumably) bidirectional associations in rec-
ognition,

Discussion
Recall and Recognition Asymptotes

It is often assumed that recognition of
an A-B pair is based on both the forward
association from A to B and the backward
association from B to A, while recall of B
given A is based on only the forward asso-
ciation and recall of A given B is based on
only the backward association (Merryman,

1971; Wickelgren, 1974 ; Wolford, 1971).
Backward recall of A given B was not as-
sessed in the present experiment, but Mur-
dock (1974, p. 127) notes that forward and
backward recall are often nearly equivalent
for word-word pairs, which is what we used,
If such associative symmetry was obtained
in the present study, then the 2: 1 difference
in asymptotic strength for recognition as
compared to recall is exactly what would be
predicted on the hypothesis that recognition
is hased on the sum of the forward and
hackward associations while recall is based
on the strength of a unidirectional association.

When the number of B alternatives is con.
siderably smaller than it was in the present
experiment and when subjects have more
time in the recall task, then it would not be
surprising to find d' values for recall con-
siderably more than half those for recogni-
tion, even to the point of obtaining equality
for recall and recognition. However, when
subjects are operating under time pressure
that largely restricts memory to a single
elementary act of retrieval, then recognition
performance may indeed be the simple sum
of recall performance in the forward and
hackward directions.

Although our data do give some support
to this simple hypothesis, we have some res-
ervations, First, there ig consistently less
than a 2:1 difference in the pairs condi-
tion between the asymptotic strengths for
recognition (average A = 497) and re-
call (average A = 2.82) for the four most
trustworthy subjects (those who performed
very accurately on the matching control
task). Second, for all subjects there was a
greater than 2:1 difference between recog-
nition and recall in the triples condition. Fi-
nally, the relation between yes-no recall and
conventional recall is not established, so the
application of these results to conventional
recall is uncertain.

Recall and Recognition Dynamics

Perhaps the most surprising conclusion of
the present study is that the form of the
speed-accuracy tradeoff function and the
rate and intercept parameters for these func-
tions are not substantially different for yes—
no recall and recognition. This is true even
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in the associative interference (triples) con-
dition in which the subjects must be retriev-
ing {wo associations simultaneously in the
recall condition, whereas they need only to
retricve one association in the recognition
condition,  (If anything, retrieval is faster
for recall than. for recognition.) Thus, recall
and recognition may have the same basic
tvpe of memory-retrieval process, though
what associations are retrieved may differ,
as discussed in the preceding scction. The
output of the memory retricval process
feeds into a decision and output process that
neeessarily must differ for yes-no recogni-
tion and conventional recall. By using the
yes no recall {ask, we appear o have fun-
neled the output of the retrieval process in
recall into the same kind of decision and out-
put process as in recognition, facilitating the
comparison of the earlier memory retrieval
processes. These retrieval processes for re-
call and recognition appear to be identical.
Certainly they appear to have the same dy-
namics, at least for pairs and triples learned
under imagery instructions.

Learning Differences: Pairs versus Triples

The fact that the A~B, A-C interference
(triples) condition had a somewhat lower
asymptote than the A-B no interference
(pairs) condition in hoth yes-no recall and
recognition is of little theoretical signifi-
cance, since the same total study time was
given to learning triples as to learning pairs
and there was more repeated testing of pairs
than of triples.

It is somewhat more interesting that the
ratio of the A parameter in the triples condi-
tion to the A parameter in the pairs condi-
tion was suhstantially greater for recognition
(average A = .07) than for yes-no recall
(average X = .46). This difference in the
asymiptotic strength of the memory trace is the
only way in which the recall triples condition
was substantially inferior to the other three
conditions. It is possible that this discrep-
ancy is due to forward (A-B) associations’
being weaker relative to backward (B-A)
associations in the triples condition as com-
pared to the pairs condition. For example,
the forward associations may have been
somewhat stronger than the backward asso-

ciations in the pairs condition, but in the
triples condition, the ordering of the A-B
and A-C pairs completely lost significance,
and associative symmetry prevailed. It is
even possible that hecause of the instruction
that only A-B3 and A-C pairs would be
tested in the triples condition, the backward
assoctations (B-A and C-A) actually ac-
quired greater strength than the forward
associations (A-B and A-C). One reason
for this might be greater storage interfer-
ence hetween the forward A-B and A-C
associations than hetween the backward B-A
and C A associations,

Retrivoal Dynanics in Recognilion and
Recall

The results of the present study suggest
that the same hasic retrieval process oper-
ates in recognition of a pair of items as in
ves—no recall of one member of a pair, given
the other as a cue. Certainly yes-no recall
is not slower than recognition, cven when
two associations must be retrieved as op-
posed to one. In fact, it is possible that yes—
no recall of a (presumably) unidirectional
association is somewhat faster than recogni-
tion of a (presumably) bidirectional asso-
ciation. The relation hetween yes—no recall
and conventional recall is unknown.

Iffects of Repeated Retricval

The lurgest cffect in our study was actu-
ally the reduction in the intercept of mem-
ory retrieval dynamics due to repeated re-
trieval of the sanie association. Whether this
is a long-term facilitation of the retrieval
dynamics for an A-B association (automa-
tization) or a relatively short-term (prim-
ing) effect cannot be decided by this study.

Associative Interference and Retrieval
Dynamics

The results of the present study indicate
that the presence of associative ihterference
has a modest but consistent effect in retard-
ing the dynamics of memory retrieval in
both recognition and yes-no recall of ma-
terials learned by visual imagery. It is not
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possible to decide on the basis of the present
findings whether the effect is in the intereept
or the rate parameter of the niemory re-
trieval function, Tt is also not possible to use
these data to decide hetween scrial scarch
and parallel search or direct-access models
of memory retrieval.

For example, Anderson and Bower (1973)
proposed that two associations diverging
from a common node must be retrieved in
strict sequential order. In the triples condi-
tion, this means that half of the time the
correct association would be retrieved first
and half of the time it would be retrieved
second. Applying this model to predict
speed-accuracy tradeoff functions is compli-
cated and has a number of options. In many
versions, the intercept for the triples condi-
tion is the same as for the pairs condition,
but since twice as much time is required to
achieve asymptotic accuracy in the triples
condition, the rate parameter for triples is
ahout half the rate parameter for pairs.
Using the group data, 8 = .0025 for triples
versus 8= 0031 for pairs (effects of re-
peated retrieval having heen eliminated).
This is a rate decrease from pairs to triples
of about 20% rather than 50%, as pre-
dicted Dy this simple serial retrieval model.
There is no douht that some kinds of serial
models could provide a reasonable fit to the
present results. For cxample, one could as-
sume that when two associations branch
from a single node, there is a delay of =
milliseconds between the initiation of re-

~ trieval of each association. For a suitably
small value of r, this model would probably
provide a reasonable fit to the present data,
but note that it would be assuming essen-
tially a mixture of serial and parallel pro-
cessing. It does seem difficult to reconcile
the very small effeet of associative interfer-
ence obtained in this study with the simplest
serial search models.

However, the results are also incompatible
with the simplest direct-access model in
which any one or all of the diverging asso-
ciations from a common node can be re-
trieved in parallel with no loss in efficiency.
The results are compatible with a direct-
access model of memory retrieval in which

associative interference produces a modest
retardation in retrieval dynamics in both
recall and recognition,
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