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THE ROLE OF THE ASSOCIATION IN RECOGNITION MEMORY

Benton J. Underwood

The purpose of the eight experiments was to assess the role which
asszociations between two words played in recognition decisions. The evi-
dence on weak associations established in the laboratory indicaﬁed that
the association was playing a small role, but that recognition performance
on pairs of words was highly predictable from frequency information. ¥ow-
ever, the use of strongly associated words indicated that the strength of
the association per se was not -a critical variable in recognition perfor-
mance. A post hcc expansion of frequency theory was proposed. Some

~ unexpected findings includéd criterion differences iﬁ making frequency
judgments as compared with recognition decisions, and criterion differences
in recognition tests on homonym pairs as compared with other classes of

word pairs.




THE ROLE OF THE ASSOCIATION IN RECOGNITION MEMCRY
Benton J. Underwoodl

Northwestern University?2

At the empirical level the present studies were concerned with the
role that an association between two words plays in the recognitidh per-
formance for the pair. At the theoretical level, the studies were prompted
by a theory which states that recognition decisions are médiated by
frequency information (Underwood, 1971). This theory has evolved from
work in which the unit of analysis was the single word; the association
between words has received little attention in the development of the
theory. For the single word, the theory, as applied.to recognition
decisions- between old and new words, simply assgmeé that thése decisions
are made by discriminations of phenomenal frequency differences between
the old and new WOrdé.”ﬁAssociations enter this formulation in only a
vague way. It is known- that the background frequency of words (as
indexed by word counts) has little if any effect on judgments of situational
frequency, i.e., frequency induced in the laboratory (Underwood, Ziwmer-
man, & Freund, 1971). This must mean that tke frequency information
induced iﬁ the laboratory is kept distinct from background frequency and;
therefore, in the vague sense noted above, situational frequency is some-
how aésociated with the laboratory context.

The broad perspective of memory into which frequency thebry fits
assumes that various ;ypes of information may constitute a memory for an
event (Underwood, 1969). Frequency information is simply one of these
types, but a ﬁype that assumes (by theory) the major function in recogni-

tion decisions involving single verbal units. The theory has never pre-~
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sumed that other types of information will always be irrelevant for
recognition. Indeed, it has been concluded that when frequency informa-

tion becomes invalid for recognition decisions the subject will turn to

other types of information in memory to mediate his judgments (Underwood

& Freund, 1970). A recent study by Broder (1973) shows a serious break-
down of the theory when frequency information and associative information
afe in ;onflict. So, then, frequerncy theory can only Se viewed within a
larger berspective; the theofy deals .with one type of information in
memory and its role in recognition performance. It is a part of the
theoretical-empirical task to‘establish the limits of the theory, limits

at which the theory is no longer useful in predicting the outcome of

[ _— s
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recognition studies. The studies’to be reported were undertaken to deter-

. mine if associative information between words leads to a breakdown of the

predictions based only on frequency information.
There is a rapidly growing literature dealing with word recognition

and the associative relationships among the words.. These studies are -

2

often spoken of as studies dealing with associative context. The outcome

" of these experiments are preSuﬁed to” be relevant to the question'of whether

-

or not recognition invoi&es retrieval. The idea is that if an association
influences recognition, retriévai processes are involved. The central
method of study, with seiefal.Qariations, is that of removing, on the

teét, the items which occurred with tbe target word dufiné study. If
perfofmanqe'falls (és'cémpared with the condition in Whiéh the context
femains on the,tesf) it is said to implicate the loés of retrieval cues.

Context may be added also, but if this influences recognition, the.

/
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theoretical interpretation is not clear with regard to the role of
retrieval in recognition.

An examination of the literature shows no consistengy in the effect
of associgtive context on recognition. This confusion may be sampled.
Tulving and Thomson (1971) reported that both theiaddition of éontext
and the removal of context degraded recognitionf‘ Subsequently, Thomson
(1972) found little effect of context addition. The data of Cofer, Segal,
Stefn and Walker (1969) showed that removihg context caused a fall in
recognition scores. Light and Carter-Sobell (1970) found that context
change did influence recognition (performance_fell) but in a further
- study Light (1972) reportad that recognition fof words embedded in
sentences for study but tested alone gave recognition scoreslthat were
quite comparable to those obtained when the word was studied alone and
tested alone. Ellis and Shumate (1973) showed no loss in recognition of
stimulus terms from a paired-associéte list over 28 days although the
ability to recall the response terms fell over this period. Wood (1969)
also concluded that the association developed in paired-associate learning
did hot influence recognition, although WOlfdrd (1971) interpreted his
results to indicate that theﬂassociation between words in a pair was
involved in recognition.

It is not the purpose here to attempt to evaluate the possibie
reasons for the contradictory findings. The details of somevof these
studies will be considered in conjunction with the specific experiments
to be reported. It is merely noted here that the empirical Eacté concern-

ing the role of associations in recognition decisions are far from clea:.
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Ore further backgroend comment is required. .It was noted earlier
that the studies to be reported were undertaken with frequency theory as
the background orientation. This theory fits nicely into the conceptual
notions of signal-detection analysis. If, for examﬁle, an old and new
word are given on alforeed-choice test of recognition, the apparent
frequency of the old item constitutes the signal, the apparent frequency
of the new word, the noise. Words which have the same iqput frequency
will constitute a distribution of phenomenal frequency for old words, and
the phenomenal frequency of new words will consitute a distribution of
noise. Two presumably independent measeres of behavior may be obtained
from signal-detection analysis. One of these is discriminability or
sensitivity between the signal aed noise distribution (between the
phenomenel-frequency distributions for old and new words in terms of
frequency theory). The measured' is used to express sensitivity differences.
The other measure has to do with the criterion set by the subject for
accepting old words and rejecting new ones. Presumably the criterion
represents a form of response bias which may differ among squects and
among conditions of en experiment, and it is measured by beta in signal-
detection.analysis. As will be seen, some unexpected differences in the
criterion settings or response biases were found. However, while
accepting the conceptual notions of signal detection, it has seemed
unnecessary to use the measures of signal detection (d' and beta) to
feflect the behavioral manifestations of these concepts. Rather, other
measures have been developed. 'Nevertheléss, the relationships between

the measures used and d' and beta will sometimes be reported.



The eight experiments to be described divide themselves into two
subsets. The first five were concerned with transient or weak associations
developed in the laboratory between the two words in a pair. The remaining
three used pairs of words already strongly associated‘by cultural usage.

Experiment 1

The first experiment was planned as‘an analogue of a previous study
using single words (Underwood, 1972, Experiment I). In that study,
comparative recognition decisions were evaluated ia conjunction with-
comparative judgments of fréquency under exactly the same conditions. The
outcomes were statistically equivalent. Furthermore, when errors were
made they occurred for the same items for the group making'recognition
decisions and for the group making frequency judgments. The correlation
between the error distributions was .74. This finding was deemed consis-
tent with the theory that recognition decisions are based on frequency
information. In Experimenf 1, reported below, pairs of unrelated words
were used as the recognition unit, with frequency judgments and recogni-
tion decisions being made by different groups. The empirical question
is whether or not the recognition decisions are predictable froﬁ judg-
ments of frequeﬁcy as was true when single words wére the recognitidn'
upit.

Method

The general methqd may be described first. The Ss were presented a
series of pairs for study, each pair being presented on a slide for 3
sec. Before presenting the pairs the Ss were given a booklet, and the
cover éheet of the booklet contained the test instructions. fhese

Q
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instructions were étudied by the S before the list was presented.so that
he knew exactly how he would be fesﬁed. One set of inmstructions informed
the S that he would be asked to make recoghition decisiops,lboth absoiute
reéognitipn (YES-NO) decisions for individual pairs, and comparative or
fnfced-choiée decisions between.twa pairs, one old and one ﬁew. The two
types of tests were illustrated on the{instruction sheet. Another set of
insfructions, given to other-§§,‘informed them that their.memories would
"be. tested forffrequen;y informafionﬂ These instrgctions further’indicated
.tpat there would be two types of test items. In one case, single p;iré :
were shown and the S was requirec to fill in a blank with 2 number to
indicate thg.hﬁmber of timeé'he thought the pair had -been pfesented. - In
the 6thé; case, tﬁo pairs were shown and the S was required to enéifcle
the pair which;had been presented most frequéntly. -Thus,_all Ss received

the same study 1ist, and.éll §s made both absolute and comparative judg-

:

'ments, but fdr oné gfoup the ﬁnstruéfions eﬁphasizéd correct recognition
and for the other group, correct frequency information;

‘Materials. Thelpool of words consisted of 240 fiﬁé-letter ﬁqrds_
wifh-Thorndike-Lorge (154@) frequencies falling Begweép'll-SO. Tﬁis'pooi
congsisted of approximately 90% of all five-letfervwofds félling in this-
frequency range.> .From this pool, ?2 pairs were forméd rgndomly sﬁbject’
only to the restrictioa thaﬁ the two words in a pair di& not héﬁe ghe.:l
same initialllétter. The 72'pair$:were qsea in fﬁe'é;#dyllist,.With 48
paité presentéd once, 12 twice, and 12 Ehree timés. The pairé were‘

assigned randomly to these frequency cagegories.b Pairs presented twice’
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were first assigned positions randomly, ance in each half of the study
list. Pairs presented three times were then assigned, each pair occurring
once in each third of the study list. Finally, the 48 pairs occurring
once were assigned randomnily to the remaining positions.' Twolbuffer pairs
were éssigﬁed at the beginning of fhe list, and two at the end so there

was a total of 112 positions in the study list.

Test >ooklets. The test booklet consisted of three pages plus the

cover sheet of instructions. There were 84 testfitems, 28 on each page.
Each page includeé 16 itéms containing pairs thét had been presented once
for study, four that had been.presented twiée, ané'four that had been
presented three times. In addition, there were four pairs on each page
which had not been on the study list (new pairs). Half of the items in
each class (excepting the new pairs) were tested by a forced-choice
procedure, half by an absolute test. Thus, across the three pageé, 24
pairs that haa been presented once for study were paired with new pairs-
to produce 24 forced-choice items, and 24 pairs were presented alone for
YES-NO decisioné. Pairs presenﬁed twice and three times for study were
also equaliy divided between forced choiée and absolute judgments.

For absclute recognition; the words YES and NO followed the pair
with the Sfinslructed to encircle the appropriate response. For
tﬁe judgments éf absplutg frequéncy, a blank, rather than YES and NO,
followed the pair with the S requested to write in a number‘to

indicate the frequency with which he thought the pair had been ﬁresehted

‘during the study list. In the forced-choice items the S encircled

the correct pair f{recognition) or the pair which had occurred most



frequently during study (frequency judgments).

As noted earlier, new pairs were required for the forced-choice
items. The 36 new pairs required (24 for the pairs presented once for
.study, six each for those presented twice.and three times) had been
formed randomiy from the pool and were paired randomly with old pairs.

-On a single form only half the study pairs could be fested by a given
method (forced choice or absolute judgrent). Therefore, a second form
was, constructed in which the method of testing was reversed for the pairs.
As a consequence, when considered across all Ss, each study pair was
tested by a>forced-choice procedure (for recognition and for frequency
information) and also by an absolute test (YES or NO recognition, and
judgments of absolute frequency).

On each page of the booklet the type of'test item was.randomized.
Thus, S might have three successive items requiring a forced-choice
decision, then an item requiring an absolute judgment, then an item for
a forced-choice decision; theﬁ three items for an absolufe'judgment,
and so on. On the forced-choice items the old and new pairs were randomly
assigned to the left or right position. The instructions required that
the S respond to all items on each page, guessing if necessary.

Procedure and Ss. Tre data were collected by a group*procedure. As

the inltial step, the booklets were distributed to the Ss with instruc-
tions not to open the booklet. The experimenter informed the Ss that they
would be presented a long list of pairs of words and that they should try

to learn the pairs as pairs. They were further told that some pairs



would be presented more than once. Next, they were asked to study the
instfuctions in’ order to underéténa‘how the§ would be tested. Any questions
concerning the instructions were handled individually. The list was then
presented for study. After the last slide ﬁas p;eseﬁted the §s'ﬁere asked
to review the instructions (if necessary) and then proceed to the first

test page. The testing was unpaced. .

The Ss were tested in groups of varying size, but within each group
both frequency-judging instrugtions and recognition instructions were
represented as well as were both forms. The booklets were randomized
within blocks of four (two forms and two types of instructions) before
they were assigned to the §s. A total of 152 Ss was qompleted, 76 having

- Had fhe recognition instructions and 76 the instructions for frequency
judgments. -Within each group there were 38 for each form. Since the
. forms did not.differ in any of the analyses, no further mention will be
made of this balancing variable.
Results

Pairs presented two and three times were includéd merely to maké the
'frequency-judging task»a reasonable one; particularly for the absolute
judgments. The errors made on these pairs were few +n number. The basic
interest was for the pairs presented once for study. The results for the
forced-choice tests will be considered first.

Forced-choice tests. There were 24 items each of which consisted

of a pair presentéd once and a pair which was new. The §s were required
IR _ in one case to encircle the pair which ha® been presented for study,; and

in the other case,to encircle the most frequently presented pair. For the
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76 3s given vecognition instructions the mean nifber of errors was 2.59
(10.t%), &nd for the 76 subjects given instructions to choose the moét
frequentiy presented pair the mean nurber of errors was 3.30 (13.8%).
The_diffe;ence between the two means was not reliable, t (150) = 1.73,
2:7.05. The diécriminability or sensitivity; therefore, may be judged
equivalent for tﬁe twe gfoups. This reSult.is the same as found previously
with single words (Underwood, 1972). 1In the previous study‘it was found
that the errors fell on the same items under both sets of instructions.

Ip the present study the number of errors made on.each of the 48 pairs.
presénfed once for study was determined for each type of instructiAn.

The product-moment correlation between the two arrays was .43, p<L .0l

Absolute tests.‘ For these tests, éach S was given 24 pairs presented
once and 12 new pairs. In one case‘YES-NO decisibns‘were requesfed, in-
the other, absolute judgments of frequency. The data will be viewed in
a number of ways. J

The frequency estimates may be hanéled in exactly the same way ss
are the recognition decisions. If S indicated that a pair not presented
for study had a frequency of one or greater, it would be eqivalent to a
'false alarm for a YEé-NO recognition'decision. Similarly, if S assigned
a zero to a pair that had been presented once, it would be equivalent to a
miss in-recognition; Throughout the studies to be reported, it hés been
found that the sum of.the misses and false alarms is a simple and meaning?
ful measure of discriminability or semsitivity. This measure and d'

correlate highly. In the present experiment the correlation for the 76
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subjects given the recognition test was -.86, and for those making absolute
frequency judgments, -.91. These are somewhat lower values than those to
be reported for later studies. .In view of these relationships, tne sum of
the misses and false aicrms (M+FA) has been used as the basic measure of
discriminability. .

The mean M+FA for absolute recognition was 7.66, that for frequency
judgments, 6.92. These means do not differ statistically (t=1.20).
However, these values alone do not adequately reflect the outcome for the
atsolute tests. The full picture can be seen in Fig. 1. This figure
implicates criterion differences between those Ss who made recsgnition
decisions and those who made frequency decisions. The Ss in making
recognition decisions infrequently made false alarms but correspondingly
had many misses. The Ss in making frequency judgments behaved in the
opposite manner; they made many false alarms (assigning a new pair a
value of one or more) but had few misses.

The difference in the criterion set by the two groups is reflected
directly by the interaction (F = 69.66) as seen in Fig. 1. An analysis
of variance of data such as Fig. 1 is based upon allows conclusions about
both differences in Sensitivity or discriminability and diffetences in
the criterion or response bias. If there is a significant main effect
between recognition and frequency judgments, différences.in sensitivity
would be indicated.’ A main effect of inﬁut frequency.would_simply

indicate the overall balance between the tendency to produce false
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alarﬁé.énd the tendency to.produce misses. A significant statistical
inferaction resulting from a convergence of the lines between input

frequencies zero and one (wﬁether a crossover or notj indicates a criterion
differenée.

The above technique for determining sensitivity and criterion

" differences seems straight forward. However, some comments should be made

about other measuresluééd to reflect criterion differences. Beta, the
measure of the criterion setting used in signal-detedtion analysis, is the
ratio of the heighth of the ordinate of the normal-curve for thg propor-
tion of.hifs;and the ordinate heighth for the proportion of false alarms.
The beta distributions wefe severely skewed for the present daﬁa. Ignor-
ing ;ﬁis skewness, the mean beta for recognition was 4.95, and for
frequency judgments, 2.44 (£ = 3.59).

Anbther~measu;e which could Be used to reflect differences in the

criterion is M-FA/M+FA. Thus, if one S had two misses and eight false

alarms, and another S had eight misses and two false alarms, sensitivity .

‘1s equivalent but the criterion differs for the two>(7.60 for the first,

and +.60 for the second). Scores may vary from -1 to a +l. For the
present data the mean values were .72 for recognition and .08 for fre-

quency judgments (t = 7.14). This measure is curvilinearly related to

~beta. If zero false alarms and zero misses are assumed to be one miss

or one false alarm, the rank-order correlation between the two measures ,
(beta and M-FA/M+FA) is essentially perfect. The logic of changing zeros

to a positive value (the valué'could be less than one,

1

e.g., .1) is to
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avoid too many extreme scores (-1 and +1) which result when zero scores
are entered. This simdfgées the situation for beta where no ordinate
value is zero.

The values for M+FA are essentially equivalent for the two groups.
Therefore, the criterion'difference resulting from the forﬁula M-FA/M+FA
must come from the M-FA values. In effect, this is simply another way of
calculating an interaction.  For the present work, therefore, any criterioﬂ
difference between conditions seems given most directly by the inter-
action of the analysis of variance between input frequencies and type of
test. However one analyzes the data, it is clear that there were differ-
ences in the criterion setticg for Ss given the recognition task and those
given the frequency-judging task. Asbwas the case with forced-choice
tests, sensitivity did not differ for the two groups on the absolute tests.

Item correlations. The uumber of misses for each of the 48 pairs

presented once waz determired for recognition and for frequency judgments
on the absolute tests. Tuae correlatiop between the two distributions

vas .63 ( pg.01 J. This indicateé a subsgantial rélationship between
phenomenal freqﬁency and recognition depisions. This relationship
emerges in another analysis. The mean frequency judgments for the 48
pairs presented once Were correlated with the numbef of misses for
recognition. The value was -.50 ( pg.01 ).

Correlations by Ss. A-.given § made both absolute and comparative

frequency judgments, or both absolute and comparative recognition

decisions. The relationship between the two types of judgments may be
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examined. For frequency judgments tﬁe correlation for the 76 Ss between
M+FA for 24 items and number of errors on the 24 forced-choice items was
.65. Tor recognition, the corresponding value was 0.59. Both values are
reliable statistically ( pg .0l ).

Each S under frequency-judging instructions made absolute frequency
estimates for 24 pairs which had been presented once for étudy. For
each S the mean and standard deviation of these judgmehts was determined
and correlated with the number o%f errors made on the forced-choice fre-
quency judgments. The correlation betwéen the mean frequency judgments
and number of forced-choice errors was -.(9, but that between the standard
deviation and number of forced-choice errors was .44 ( p.0l1 ). Thus,

the less the variability of phenomenal frequency for items with a constant

"input frequency the better the discriminability on forced-choice decision.

Discussion

The discussion of the findings wil} be brief at this point. Overall,
the results showed that'frequgncy judgments and recognition decisions for
pairs of words have much in common, and these results could be ihte;-
preted as consistent with théngg; that phenomenal frequency differences
play a major role in recognition performance. Alternative interpretations
are undoubtedly possible, of course, but suchvinterpretations must include
an accounting of the commonality in errors ﬁroduced by recognition and
by frequency-judging instructions.

The finding that there was a difference in the criterion set (on

the average) for recognition judgments and for frequency jddgments was

quite unexpected. It was therefore decided to undertake a turther study,
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with somewhat changed procedures, to see if the finding could be replicated.

Experiment 2

. Method

In this experiment all Ss were given exactly the same study list as

‘was given in Expériment 1.. The two changes, which occurred on the Eest,

will be deScribed.

‘In Experimenf 1 each S made . both aﬁsolute ggd_comparative judgments.
In Exééfimént 2, each §_madeia_sing1e type of judgment on all items.
Therefore, there were four groups of és. One groip madé only absolute
frequency judgments, é secqad made only forced-choice frequency judgménts.
A third group made YES-NO recognition decisions,-and a fourth made forced-
choice recognition decisions. Qf primary interest wefe the judgments
made on ;he 48 péirsipresented once for study. |

It will be remémbéred that.in Expériment 1 only 12 new pairé were
used for YES-NO recpgﬁition and for absolute freduenc& judgﬁentéh .In
Experimept 2, 48 new pairs were included. Since thére were also 48
pairs presented Onéé, the numbér of true rights and wrongs was more

nearly'equalized in Experiment 2 than was true in Experiment 1. These .

48 new pairs also became the new pairs on the forced-choice tests.

I T B ) \ ]
T The booklet for the forced-choice tests (recognition and frequency
judgments) consisted of the instruction sheet and two test sheets with

130 items on each for a total of 60 test items. These 60 items consisted

of-the 48 pairs presented once (each accompanied by a new pair) and six
items in which:the study pair-had been ﬁresented twice and six in which

it had been presented three times. Thus, only half the items presented

</
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twice and half those -presented three times were tested. The purpése
.iﬁ-this was to keep the total number of pairs to which the subject was
exposed on the test equivalent for the forced choice and for the
absolute tests.
The test booklet for the absolute judgments was made up of the
~ instruction sheet and three tes; pages, 40 items to a page, for a total
of 120. These consisted of 48 new pairs, 48 pairs presented once, 12
presented twice, and 12 presented three times. |
All other details of the pfocedure were exactly the same as for
Experiment 1. The Ss studied the instruction sheet which described how
they would be tested, after which the list was presented for study at-a
5-sec., rate. Again, the fést was unpaced. The fouf instructional
conditions were randomized in blocks of four so that for each session
each was about equally represented. Sessions were continued until 36
- 8s had completed the test for each instructional condition.
Results

Forced choice. The mean number of errors made by the 36 Ss on the

48 forced-choice items under recognition instructions ﬁas 5.42 ( 11.3% ),
and under instructions to choose the most fréquent pair, 4.92 ( iO.l% ).
The t was .60. The correlatlion of errors by items was‘.SA (p<g.01 ).
These ‘results confirm those of Experiment 1.

Absolute tests. The mean frequency judgments for the pairs pre-

sented O, 1, 2, and 3 times may first be noted. The means in correspond-
ing order were .18, .91, 1.74, and 2.49. The relationship is linear.
Again, however, in the analyses to follow, no attention will be given to

ERIC
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the pairs presented more than once since the errors on these pairs were
few in number. as was done for Experiment 1, false alarms and misses
were determined for the groups making absolute judgments. The results
are plotted in Fig. 2. The interaction, although less severe than in
Experiment 1, was still present; £ (1, 70 ).= 5.99, p {.05. There was
no éppreciable effect ofttype‘of instrﬁction (F=2.18 ). indicating
that discriminability was equivalent for both frequency aecisions and
recognition decisions. There was a main effect of input frequency

UF-= 17.54 ) indicating more misses rth&n false alarms when combined
across both groups.

The sum of the false alarms and misses correléted ~.93 with d' for

Vtﬁe frequency judgments, and -.94 for the recognition data. The difference
in the critefion set by the two groups, as given in the interaction in
Fig. é, was not reflected in beta qifferencés, the F be 'ng less than one.

n

Item correlations. The number of misses was determinzi for each of

the 48 pairs presented once for stﬁdy. This was déne separately for the
36 Ss making absolute fre4uency judgments (a miss béing an assigﬁment
of zero) and for the 36 Ss making YES-NO’recognition decisions.. The
correlatioﬁ between the two arrays was .55 ( p¢ .0l ). The correlation
for the number of false alarws on the 48 new items for the two groups
was .42 p £.01 ). |

If frequency‘information is involved in recognition decisions, it

should be possible to predict forced-choice recognition and frequency
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judgmenté from the absolute frequency judgments. In the forced-choilce
tests, two pairs were involved for each'item, one old (presented once)
and one new. For each of tuese pairs a mean frequency jngment was
available from the group making the absolute frequency estimatés. Lt
would seem that fhe greater the phenomenal frequency difference between
the two pairs in the forced-choice item, the fewer the number of errors
which should be made on that item. However, the variability of the-
frequency judgments should also be considered. For whatever reéson,_
items having the same input frequency differ in the variability of thé‘
frequency estimaics when viewed across the 36 estiﬁates from the 36 Ss.

It was shown in Experiwent 1 that Ss having the lower variability of

frequency estimates with ccnstant input frequency did better on the

‘forced-choice items than did the Ss with the higher variability. The

same outcome may apply to item variability when calculated across Ss.
Therefore, 1t would seem that the clearest prediction would be that the
greater the mean difference in phenomenal frequency between an old and

new pair in a forced choice item, adjusted for differences in the

variability of Irequency estimates for those pairs, the better should

be the performance on the forced-choice test.

The mean frequency difference for each old and new pair appearing
in the forced-chaice items was divided by thé square root of the sums
of the variances of the frequency estimates for the two pairs. A
high value shouid indicate good discriminability between the two pairs.,

The correlation between these values and the number of errors on the
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forced=choice rz2cognition test was -.6l. For the forced-choice fre-

" quency judgments, the correlation was -.79. Clearly, the phenomenal
freqﬁency of items preseated once, and the variability of the estimates
reflecfing phenomenal frequency, predict performance on the forced-, _
choice tests with some accurancy.

As one further bit of evidence on the relationshin between fre-
quency information and recognition performance, the absolute judgments
made on the 48 pairs occurring once were combined .across Experiments 1
and 2. Therefo;e, there were 74 Ss who had made absolute frequencf
judgments and 74 Ss who had made.YES-NO recognition decisions. The
apparent frequency of a pair was given by the mean of the frequency
judgments, and for each pair a standard deviation was available. It
would be expecfed that the higher the mean apparent frequency and the
lower the vafigbility the better should be the performance on recogni-
tion. The coefficient of variation (M/oc) was used to derive a single
meaSufe'for each pair. A high coefficient should indicate good dis-
criminability. These 48 values were correlated with the nuﬁber of
errors on YES-NO recognition for the 48 pairs. The prdduct-moment
correlatidn was -.70. | |
Discussion

Both experiments have shown that discriminability or semsitivity
for pairs of words was equivalent when Ss weres asked to make recognition
decisioné and judgments of frequency. This outcbme held for both forced-
choice items and for absolute judgments. Furthermore, the particular

items on which errors were made in recognition tended to be the same
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items on which the errors were made when judging frequency and frequency
differences. Mean frequency judgments for pairs combined with the

variability of those judgments, predicted errors in recognition perfor-

.mance on both YES-NO and forced-choice tests. Viewed as a whole, the

resuits were entircly consistent with the theory which sﬁecifieé that
frequency information is the major attribute of memory involved in pair
recognition. In short, these two studies indicate that when pairs of
words corstiture the unit of analysis”of recognition the outcome is much
the same as when the individual word is the unit.

An unexpected finding in Séth experiments‘was that Ss making absolute
freqqency judgménts set a more lenient criterion than did those Ss making
recognition decisions. The reason for this difference is not kunvwn. An
examination of the changés in performance across pages of the tests
showed only very sliga; decremeﬁts under any of the conditions of test-
ing, and the ditferences in the criterion were present initially and
remained relati&ely constant across pages. Perhaps background frequency
influenced the frequency judgments and not the recognition decisions
although, as noted in the introduction, other data would argue aéainst
this poséibility. By way of looking ahead it may be noted that a later
experiment will sﬁow that criterion differences were found to be present
for different.classes of pairs of words for thé same S. Tor the time
being, therefore, the problem concerniqg the reason for the criterion
differences will be set aside.

The two studies reported have established nothing concerning the
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role of the association in recognition. They have me;ely shown that
frequency theory does not break down when pairs of words are used,
pairs which presumably have some associative relationship as a conse-
quence of tge‘study trial. To assess in a more analytical way the role
of associations in recogdition requires different types of studies. The
immediately following experiments represent some of these different
types.

Experiment 3

Assume the S is presented a series of pairs of words under instruc-
tions to associate the words in each pair. Let three of the pairs be
identified as A-B, C-D, and E-F. On the test of recognition.he is
presented A-B (intact pair) and‘C-f (broken pair). His instructions are
to respond YES to all pairs providing both words in the pair had been
rresented for study whether paire& during study or not. If the number
of misses is greater for the broken pairs tﬁan for the intact pairs, the
associafion would seem to be clearly implicated in recognition perfor-
mance. ff the misses are equivalent, it would be concluded that the
association is irrelevant for recognition performance. The purpose of

~ Experiment 3 was to make this test.

In addition to the two types of test items noted above, two others
were included in order to have pairs for which the correct response was
NO. One of these types cornsisted of one old and one new wérd, and the
other type cénsisted of new pairé.

Materials. The pairs of words were from the same pool as used in

ERIC
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the first two studies. The S was presented 54 pairs for study. Of

these, 18 were tested as intact pairs, that is, both words were old and
paired as they were for study (0-0). A further 18 were re-paired words
or broken pairs (0-Cb). One word from each of the remaining 18 pairs
was used in paifs in which a new wo?d constituted the other member of
the pair (0-N). Finally, the test included 18 new pairs (N-N pairs).

Foc purposes of balancing conditions against possible pair differ-
ences, each pair was used in all conditions equally often. Originally,
72 pairs were assigned randomly to four subgroups of 18 pairs each.
Across four forms each subgrqup was used once for each of the four tert
types as described above. Thus, there wefe four diffevent lists pre-
sented for study and four different test forms. The only additional
words required were the 18 used as new words for the O-N pairs. These
18 words served this same function across all forms although, of course,
the old words differed for each form. The 0-Cb test pairs never con-
sisted of an inteféhange of the memdars of two pairs. 1In the proeziita-
tion list, each type of test item (except N-N of course) was repregented
in each successive block of three pairs. On the test, item types were
randomized within blocks and particular items within blocks were random
with respect to preseniation position during study.

One further variable was introduced in the test. Half of the 0-0
pairs were tested in the order presented for study (A-B), and half
were tested in reverse ofder (B-A). This was also téue for the 0-0b
pairs and for the O-Nifbirs. The latter became N-0 pairs when reversed.

The particular nine pairs to be' reversed was determined randomly.
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Procedure and Ss. The pais ﬁere presented for study at a S5-sec.
rate by a slide projector. The instructions eﬁphasizéd the 1ea;ﬁing of
pairs as pairs and, although the Ss knew their memories would be tested,
the nature of the test was not specified before presenting the list.
After the study of the pairs the Ss were given a two-page booklet, 36
péirs to a pége, with the words YES and NO after each pair; They were
instructed carefully that YES was the appropriate decision if both words
had been presented for study whether paired together during study or
not .- Thg instructions further emphasized that if one or both éf the
words'in a test pair had not been presented for étudy, the appropriate.
responsé was NO-. According to these rules there were 36 pairs for which
the corrédt response was YES, and 36 for which the correct response was
NO, although the Ss were not told this.

Subjects weré tested in small grOups-until 18 Qere completed for
each of the four forms. Forms did not ﬁrove to differ statistically
on the test, aﬁd‘they did not interact with item types. The results
will be considered for the 72 Ss combined. |
Results |

The overall results are shown in Fig. 3, where percent errors is
used as the recognitioq méasure; An error wouild be a false alarm’ for
N-N and 0-N, and a miss for 0-0 and 0-0Ob. It is to fe noted that there

were about 7% more misses on 0-Ob pairs than for 0-0 pairs. The overall
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analysis‘showed a significant effect of item type ( F = 37.58 ). A
standard error of the mean difference derived from the error term
indicated th;t any difference as large as 4.3% was reliable at p = .0l.
lAll differences betwe=2n item types were larger than 4.3%. The fact,
Fherefore, that type 0-0 results in fewer errors than type 0-0Ob may be
taken:é§fé;;;;nce th;;‘the association-between the two words in a pair
ﬁlayed a role in recognition.

The misses on the 0-0 pairs were more frequent than were the false
alarms on the N-N pairs. The M+FA measure of sensitivity for these
pairs correlated with d' across the four forms at the following levels:
-.93, -.94, -.91, -.95.

The 0-N pairs producea nearly 35% false alarms. A satisfactorf
accounting of this result was not found. Several subsidiary analyses
were done to search forileads. The 72 Ss were divided into two sub-
groups based upon the total errors made on all item types. The relative
relétionship among the four item types were exactly the same for these
two subgroups of good and pvor Ss. "There ﬁere two pages to the test
form, and the Ss completed the first paée before moving to the second.
It seemed possible that testing effects might have aiffered for item
types. However, an analysis showed no difference in performance on the
two pages and no interaction between pages and item types, both Fs
being less than 1.

It will be remembered that the position of the words in a pair
during study was reversed for half the pairs on the test. This change

had essentially no effect on the 0-0 pairs, the nonreversed pairs pro-
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ducing 20.7% errors, the reversed pairs, 19.6%. Fér the 0-0b pairs the
corresponding values were 25.8% and 27.9%. But, for the O-N pairs the
false alarms were 38.0%, and when reversed, (N-0) 31.6%. This is to say
that when the old word was the first member of the p-ir, errors were
more frequent than when the new word was the first member. However,

even for the latter pairs, performance was poorer than was found on any

of the three other item types.

It is difficult to see how criterion differences could exist for
the various item types, since if the S could classifyvan item type he
presumably could provide the correct response. Frequency theory might
predict good performance on the O-N pairs on the grounds that the two

words would represent a contrast in apparent frequency and this contrast

‘would lead to a correct rejection. In one sense the results for the 0-N

pairs are in contrgdiction to ghé notion that an association facilitates
recognition. The two words in the O-N pairs were nqt associated during
study just as the 0-Ob pairs were not associated. If the lack of an
association leads te a NO decision for the 0-Ob pairs it should do the
same for the O-N pairs, but in the latter case the decision would be
correct. It is possible, of course, that this effect was present’ and
Rept the number of errors from being more frequent thaﬁ was actually
found. TFor the time being, the mechanisms responsible for the heavy
error rate on the £-N pairs cannot be specified.

One other fact will be reported. When Words are paired randomly
the resulting pairs should show a distribution defined in terms of the

ease with which the words within the pairs could be associated. There
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is a possibilit§ that a pair whiéh-is easily ‘associated when presented
for st;dy will also produce errors (false alarms) when it is used as a
new pair on a test. This does not seem to be the case. 1In the present
experiment, the 72 péirs were used both as old pairs (0-0) and as new
pairs (N-N).‘ The number of false alarms made on the 72 pairs when they
were used as new pairs did not correlate with the number of misses which
occurred when they were used as old pairs (r = -.03 ).
| Experiment 4

The results of Experiment 3 were interpreted as démonstrating that
an association between two words, developed on a single study trial,
facilitated recognition of the pair. Or, as is sometimes said, associa-
tive context aided recognition performance. Experiment 4 was another
test of the role of associative context using a different approach,
although one that is similar to those used by other investigators,
particularly DaPolito, Barker, and Wiant (1972). These investigatoré
presented a triad qf words for study. On the test, the Ss made recogni-
tion decisions on single words, but other items ﬁere sometimes present
in the aiSplay when the decisions were being made. Essentially any
change at test produced an increase in misses. The Ss were not instructed
to associate the worde in the triads during study, aﬁd since the triads
were presented for only 1 sec., associative formation between the items
would be minimal. .Still, the results showed that when the order of the
three items as presented for study was changed on the test, a decrement
was observed, suggesting either that iten-order information was important

or that associations between the item and its position within the triad



O

ERIC

Aruitoxt provided by Eic:

27

was a part of the memory. The ﬁethod used by DaPolito et al. makes
context (when defined as the presence of an item or items on which no
recognition decisions are to be made) seemingly incidental. To some
degree it would seem that S could ignore the context words.on the test.
The fact that context effécts were found in spite of this seems to
speak strongly that context, whether known tc be associative or not,
does influence.recognition.

In the prgéent experiment, §é were presented pairs of words for
study under instructions to associate the words in each pair. On the
recognition test, either single words or pairs of words were presented.
In the latter case the recognition decisions were made only on the second
word in the pair. Thus, the first word in the pair reed not have been
involved at all in the recognition decision although the Ss were told
that it might help them in reaching a decision on the second. Of course,
the major variable was the nature of the fifst word in the pairs.
Method

A description of the seven classes or types of test items will be
given first, expanding the symbol system used in describing the pairs
in Experiment 3. An old item is designated 0, a new item, N, and (1}
the test word was always the second word in a pair on the test, and (2)
a word on the test always occupied the same position in a pair (first
or second member) as it held during the study trial. The seven types
of items were as follows:

Type O: o0ld second word tested alone.

Type N: new word tested alone
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Tvpe 0-0: intact pair

_Type N-N: new péir

Type'N-O:' old second word with new first word

Type 0-N: new second word with old first word

Type O-Ob:‘ two old words from different study pairs.

Materials. The words in the pairs were all four-letter, monosylla-
bic words. They were dfawn from a pool of 312 such words which constituted
a random sample from the Thorndike-Lorge (1944) tables. The change in
the class of words (frombthe class used in the first three experiments)
was necessitated by the fact that other experiments being conducted in

the departiient were using the words from the earlier experiments.

Study and cest lists. Initially, 96 words were drawn randomly

from the pool and formed into 48 pairs randomly. These 48 pairs
constituted the study list, hence the old paire, for all Ss. A second
sample of 84 words was drawn randomly and these 84 words were always
used as new words on the teét form.

For balancing purposes, the 48 study pairs were arbitrarily divided
into four blocks of 12 pairs each. Across four test forms, each block
of 12 pairs was used once for each of the four item types on the test
involving o}d words in the.second position (0, 0-0, N-0, 0-0b). “This
means, therefore, that on a test form there were 12 items representing
each of the four types. The 0-Ob pairs were never constructed by inter-
chaﬁging the members of two pairs.

The égsignment of new items to particular functions on the test

forms was done randomly, with a different random assignment for each
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form. There were 12 Type O-N test pairs, the O words being the first
words in the study pairs which on the tést became TypeVO. There were
also 12 Type N pairs on the test, but 24kpairs were used to represent
Type N-N. This madc 48 true YES items on the test and 48 true NO items.
Oﬁ the test, the seven item types were block randomized, and test posi-
tion, relétive to input position, was orthogonal by halves. There were
48 items on‘each page of the two-page booklet.

The single items on the test always occupied the nominal second
position of a pair. For example, the first four itgms on one of the
test. forms were as folldws:

1. spry-wile YES NO

2. whey-ramp YES NO

3. jest YES NO

4. came-dell YES NO

Procedure and Ss. The 48 study pairs, preceded and followed by

two filler pairs, were presented at a 5-sec. rate. Prior to presenting
the pairs, the 8s were told only that pairs would be presented and that
they should try to associate the words in each pair in preparation for
a memory test. ‘After the last pair has been presented, the booklets
were distributed. The Ss were run in groups of varying size but in any
group the four test forms were assigﬁed randomly to the Ss. The
instructions for the test involved five key.points: (1) for a single
word on the iest form, the YES-NO decision was whether or not the word
had been stown as a member of a pair; (2) for a pair of words, the

decision was t be made only for the second word, i.e., had it or had it
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not been presented as a second word in a pair on the study list; (3)
the first word in a pair might aid in making the decision on the sécond;
(4) an old word always occupied the same position on the test form as
it had in the pair in which it appeared on the study list; (5) all items
were to be completed, guessing if necessary. The test was unpaced.

Groups of Ss were tested until 68 Ss had been completed, 17 for
each of the four forms.
Results

The results, shown in Fig.-4, are quite unambiguous. There were
only two levels of errors, differing about 8-10%, and these two levels
were associated with’change‘of context and with context corstancy. For
the misses, omission of the first word_(O), iﬁcluding a ﬁew first word
(N-0), or re-pairing old words (0-0b} all resulted iﬁ about. the.same
increase "in thé number of errors when no changé (0-0) was used as a
feference. False alarms were alsc correspondingly influenced when an
old word was used as a first word (0-N). A number of different ways of
viewing the differences statistically all produced tha'same conclusions.
Perhaps the most direct way is to‘ask about the differences among the
four types for the misses, F ( 3, 201 ) = 7.87, 2<:Jﬂq and among the
three types for the false alarms, F ( 2, 134 ) = 8.66, p (:01. In both
analyses, the deviation of one condition from the others is largely

responsible for the conclusion that reliable differences were present.
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It will be remewbered that in Experiment 3, Types N-0 and O-N pro-
duced more errors than did fype 0-0Ob. 1In the present data, where S was
asked to make decisions on a single word rather than on a pair as was
true in prerimeﬁt 3, the numbers of errors for these types were essen-
tially equivalent, Aléo, in Experiment: 3 the misses on Typ; 0-0
exceeded the false alarms on Type N-N, which was not true in the .present
experiment. This is to say:that the two techniques (judging single
words in pairs versus judging pairsj produced differences .in detail,
but both lead to the same conclusion. The presence on the test of the
full associative context present during study facilitated recognition.
Any changes ﬁade in the context caused an increase in misses.

Experiment 5

Experiments 3 and 4 gave evidence that an intact association between
two words in a pair is a posigive factor in the recognition of that
pair. The present experiment represents a further test of the role of
an association in recognitipn, a test which makes use of paired-associate
learning;

It was mentioned éarlier that when words ave paired randomly one
would anticipate that some of these pairings would consist of words
which would be easy to associiate and others which would be difficult to
associate, with the bulk of the pairs lying in betweeq the extremes.

If an association between two words influences the recognition of the
pair, it might be reasoned that ©old pairs on which few errors were made
developed stronger associations than did pairs on which many errors were

made. To say this another way, during a constant period of study, the
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strength of the acquired association would differ for different pairs.
If the strength of the association is involved in recognition, it must
be predicted that pairs‘on which few recognition errors were made would
be learned more rapidly as paired associates than would pairs on which

<
many errors were made. Experiment 5 was a test of this proposition.

Method

Materials. From among the 48 pairs presented once for study in
Experiment 1, and tested by a'YES-NO procedure, 10 pairs on which few
fecegnition errors were made were selected along with 10 pairs on which
the mcat recognition errors were made. As paired-associate lists,
thesz will be called the.Easy List and the Hard List. Both lists are
shown in Table 1. Although these lists were selected by using the data
of Experiment 1, the same pairs occurred under much the same conditions
in Experiment 2. Therefore, the errors made in Experiment 2 are also
shown. The reliability of pair difficulty is by no means perfect,
particularly for the pairs in the Hard List, although some regression
would be anticipated. Nevertheless, the mean errors wer: substantially
different for the two lists even when gauged by the errors made in
Experiment 2.

Procedure and Ss. Th: lists were presented for one study trial and

five anticipation trials at a 2:2-sec. rate on a memory drum. There
were 20 Ss. Half learned the Easy List followed by the Hard List, and

half learned in the reverse order.
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kResults

As may be seen in Fig. 5, the list made up of pairs defined as
easy by.recognition errors wzs much easier to learn than the list made
up of pairs on which many recognition errors were made. This was true
regardless of the oider in which the lists ﬁere learned and the overall
difference across the five trials was highly reliable ( F = 28.09 ).

‘The mean number correct for each pair, summed across the five
trials, is shown in Table 1. Only two pairxs from the so-called Hard
List fall within the range of number .of correct responses as shown for
the pairs in tne Easy List. Other information is included in Table 1.
In Experiment 1, 38 Ss méde absolute frequency judgments.of these pairs,
and in Experiment 2, 36 Ss did the same. bThe mean apparent frequency
as derived from these 74 Ss for each pair is shown in Table 1. The
difference in the mean frequency judgmeqtgvfof the two lists is signi~
ficant, t (18) = 3.69, p«&.01l. Thus, the pairs in the Easy List had
higher apparent frequency than did those in the Hard List.

As shown earlier, prgdiction of recognition errors from absolute
judgments of frequency was quite good when means and variability were
considered simultaneously by using the coefficient of variation M/o) .
These values also appear iﬁ Table 1 and it is to be noted that the two
lists differ markedly on this measure. Rank-order correlations were

calculated acress the 20 pairs. The Mf values correlated .86 with
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recognition errors and .56 with the number of correct anticipations in
paired-associate learning. The correlation between recognition errors
and pai?ed-associate learning was .72.

Discussion

The prasent results indicate that the ease of associating two words
in a pair is positively related to correct recognition. These results
support tﬂose of Experiments 3 and 4 in showiqg_phat an association
between the two words in a pair seems to be involved in recognition.
per formance Insofar ;s apparent frequency has been shown to predict
recognition errors it is not surprising that apparent frequency also
has some predictive value for paired-associate learning.

The evidence that an association between two .words influences
recognitién must be kept in theoretical perspective. The major informa-
tion used in recognition decisions may well be frequency information --
apparent frequency of the pair as a unit and of the individual words,
each as a unit; The difference between intact and broken pairs in
Experiments 3 and 4 was only 7-10%; performance did not fall to chanée
when associative context was removed, Tﬁus, although the results of
the experiments thus far indiqaté that an association plays'a role in

recognition, the magnitude of the role is not impressive when overall

recognition performance is considered.

Experiment 6
Two of the basic findings from the preceding experiments led to

Experiment 6. Experiments 3 and 4 indicated that an association result-
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ing from one presentation of a pair of words adds information which

aids recognition performance. Expériment»S showed that pairs on which’

few recognition errors were made were more rapidly acquired in a paired-

associate list than were pairs on which many recognition errors were

committed. These facts suggest that the associability of two words iﬁ
a pair facilitated recognition performance, or, that facilitation of
recognition of a pair by the association existing between the two words
was directly related to the strength of that .association. An obvious
projection from these facts is that if very strongly associated pairs
of words were tested for recognition, few if any errors would be observed.
The present experiment deals ﬁith'this possibility. |

Many of the pairs used in Expefiment 6 were strongly associated as
a consequence of cultural ﬁsage. Other investigators kave approached'

the problem of associative context by the use of similar materials.

Tulving and Thomson (1971) presented S strongly associated pairs of

words as well as weakly associated pairs as.indexed by pqﬁlished word-
association norms. On the recognition test the S was asked to make a
decision on each word of a pair independently. Based on the results of
this procedure it'woula be concluded that the strength_of an association

had little influence on recognition. There were 12% misses on the

e

i

strongly-associated pairs, and 21% false alarms on new associated pairs.
For weakly-associlated pairs the values were 15% and- 16%. However, these
data came from only a small part of an extensive procedure of testing

which involved changing words in pairs, testing cingle words, adding



O

ERIC

Aruitoxt provided by Eic:

36

' new words to words which during study had been members of pairs, and so

on., It is possible that the varied test context, and testing the words
in a: pair independently, may not have allowed differences as a funétion
of strong and weak assoc%ative éontext to manifest themselves. Thomson
(1972) usad strongly associated pairs in one expériment (Experiment 1)
and pairs with no pre-experimeﬁtal associative relationship in an;ther
(Experiment 4). The Ss made decisioﬁs on each word in a pair. The
misses were 5% less for the strongly-associated pairs than for those
which were weakly associated, with the false alarms about equivalent for
néw pairs. Thésebdata, 1ike the Tulving-Thomson data, suggest only a
small facilitating effect of the culturally established aésociative
relationship. Such findings seem.odd if one is to assume that associa-
tive context is o powerful factor in recognition ﬁemory. Further investi—
gatibn seemed riecessary.. ‘

In the present experiment the S studied pairs of highly associated

words and pairs of initally nonassociated words. - Recognition decisions

were always made for pairs as pairs.'
Me thod |

Materials. From a variety of sources, 100 pairs of words were
brought together. As may.be seen in Table 2, there were 20 pairs in
each of five classes. Four of these classes were assumed to represent

pairs with strong, culturally established, associative relationships.
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These four classes are the parallel associates, synonyms, antonyms. and
conceptual éssociates. The fifth class, homonyms, represent u- special
class. There is no reason to believe that the two words in a homonym

pair are associatively related in the sense that the words in pairs in

the other classes are associated. The distinguishing property of the

hbmo;ym pgirs for the présent study was that the acourtic-articulatory
response_fo the two words 'in a pair would be equivalent. The conse-
quence is’ that the frequency of this .response would be douple that for
che Words iﬁ the .other typés of pairs. It was believed ghat this
property would yteld information not only relevénf for frequency theory,
but alsu relevant to an-understanding of the’meéhanisms of recognitionv
in the assoéiated pairs;

No argument is to be made for the purity of the pairs Ia :he.
classes, nor that the pairs éremneceésarily repfeéentative_éf all
possible pairs which might be placed in these classes. But, taken as

a whole, each class is assumed to be distinctly different from each

" other class.

In additlion to the 170 associated pairs, 100 nonassociated pairs
were formed. In constructing these 100 nonassociated pairs, 100 addi-
tional words were chosen, these words varying in length, frequency, and

form class. Some examples are: assail, degree, lid, oath, worthless,

These words were péired randomly with one word from eéch of the 100
pairs listed in Table 2. Half the time (within each class), the first
word in the pair as listec in Table 2 was retained, and it occupied

the first position in the pair, the second position being held by a
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neutral word. For the other half of the pairs, the second word in the
pair was fetained, the first position being occupied by thg'neutral

word. For example, using the pair cup-saucer in the list of parallel
associates, the nonassociated pair became qu-artist, and using bed-sleeg;
the nonassociated pair becawe utter-sleep. Thus,‘the highly associated
pairs (to be called E Pairs) and the nonassociated pairs (to be called

C pairs) always had one word in commoﬂ.

Study lists and test forms. Each S was presented 50 pairs on theA

study list (plus two filler pairs at the beginning énd two at the ehd).
These 50 pairs were made up of five E Pairs and fivé C pairs from each
of the five classes. There were 100 pairs on the testvforms cbnsisting
of the five E aﬁd C Pairs from each class presenéedjfor study plus.five
E and C Pairs from each class not presented for study. Of course, no
word appeared in both an E Palr and a C Pair on the study lisﬁ or test.
For any given S, only half of the E ?airs ana.half of ;hé C pairs were
used. Across four study lists ané four test fo;ﬁé, each E pair served
as'an old pair aﬁa as a new pair, and this was also true fof each C
Pair. $h§3‘was accémplished by dividing the pé;is in each class into
four subgroups of C and E Pairé of five pairs each'and,roéating functions
(o1ld or new) across forms.

For the stuéy list the 10 item types {five E Pairs and five C P:iré
from eacﬁ claéé) were block randomizgd across the 50 positions. 'Thé‘
test forms consisted of 100 pairs, 50 .on each of two pages,,ﬁifh the
words YES and NO appearing after sach pairf The 6;§er of the pairs on

the test forms was random, but with a different random order being used
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for each form.

Procedure and Ss. Prior to presenting the list for study, the Ss

were fully info;med concerning the nature of the test. They were told

to try.to associate the'woras‘in each bair on the study trial. The

list was presented at a 5-sec. rate by a slide p%ojeétor. After the

1list was presented thé test booklets were distributed and the instructions
for the test repeated. The Ss were informed that they must make a
decision for each paiyv, guessing if necessary.

The Ss were run in small grc.aps until 21 had completed each of the
four forms. Since forms did not interact with the v&riaﬁles of experi-
mental interesf, the data have been summed across forms for the 84 Ss.
Results

Data were available on 20 different types of pairs, each type

represented by five pairs. . These types were: old E Pairs in each of

the five classes; new E Pairs from each class; old C Pairs from each
class, and new C Pairs from each of the five classes. For the initial
analysis, the sums Of the misses and false alarms (M+FA) was determined
for the C Pairs and for the E Pairs for each class. (It may be noted

that d' correlated .98 wilh MEFA when summed across the five classes

for the old and new E Pairs). - The means ol the M+FA score are shown in
Table 3. It will be noted that for only twe of the five classes (paralle:

associates and synonyms) are ihere fewer errors for the E Pairs than for
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the C Pairs. For the other threg, the direction is reversed, although
in ﬁone of the five classes is the differernce between E and C Pairs of
appreciable magnitude. Nevertheless, an analysis of variance showed

that class was a significant source éf variance, F ( 4, 332 ) = 7.87,

p«& .01, as was also the interaction between class and E-C Pairs,

F (4, 332)=24.18, p (!01, but the difference between ¥ and C pairs

was not, F (1, 83 ) = 2.25, p>.05. These findings indicate tﬁat, over-
all, assqciated pairs are not better recognized than nonassociafed

pairs.

The measure of sensitivity, or discriminability, M+FA, has indicated
that acfoss ﬁhe five classes the discriminability of pairs of highly
associated words was not better than the discriminability for pairs with
the‘minimal associétive relationship that might have beer. established
on a single study trial. The interaction between type of pair and
cléss, however, indicated that d;scriminability differed as a function
of clasé of pairs. An examination of the results for each class in more
detail is indicated.

In presenting the results for the first two experiments, it was
pointed out that criterion_differences could be detected by.a_certain
type of interaction when two conditions, bo;h represented by old and new
items, were plotted on the sawme graph. These reQuirements were met in
the présent data for each class since there were old and new E Pairs,gnd
old and new C Pairs. The data are plotted in Fig. 6 for each class, using

input frequency (0 and 1) rather than old and new along the haseline.



41

The cfitical fact exhibited in Fig. 6 is that § may maintain
different criteria for different classes of pairs even when those pairs
are intermingled on the éame test form. The results for the homonyms
show that § has a very lenient criterion for accepting pairs which were
not in fact on the study list. The marked interaction between input
frequency and E-C Pairs is evident. The results for each of the five
classes of pairs have been analyzed separately. Each F is basea on 1
and 82 df, and an F of 3.96 is required for the .05 level, 6.96 for the
.01l level. Input frequency was significant for all classes, and except
for the homonyms (which shows the smallest F, 9.51), more errors were
made on old than on new pairs. The E-C difference was significant for
only the antonyms (F = 9.15) and homonyms (F = 4.02). The interaction
between the ;WO variables was reliable for parallel associates (¥ = 6.65),
synonyms (11.15), and, of course, for the homonyms (F = 59.67). The
interaction for the parallel associates and for the synonyms cannot be

. intecrpreted as representing a criteriog difference for the E and C Pairs,
since the @ifferen:es in errors are small in magnituaé_for new (zero
frequency) items. -

An examination of performance on the two test pages separately
showed no systematic changes for any class of item. The differences in
the criterion imposed for the different claéses, therefore, was not a

" consequence of a gradual change or shift as the S made successive judgments.

It will be remembered that one word in eacl: C Pair was tied to a
Q

Aruitoxt provided by Eic:



42

word from a pair in one of the five classes. There is no reason to
expect that these pairs should differ in number ofAerrors deross classes
unless the words in the different classes differed in recognition
memoriability in some way. Table 3 did sﬁggest, hswever, that small
differences were present amosg the C Pairs representingAthe different
classes. Statistically, theAM+FA valuss for the C Pairs for the five
classes was reliable, F ( 4, 332 ) ? 4.00, p ¢.01. The greatést number
of errors occurred for the C Pairs derived from words making up parallel
associates and synonyms, and the fewest from the conceptual associates.
Discussioq
Four clssses of natural associates have givenAno consistent evi-
dence that the associative relationship facilitated recognition perfor-
mance. Overall, csntrol.pairs, where the associative relationship
would be minimal sfter a singlé study trial, produced no more errors
than did the associated pairs. Even if it is presumed that the Ss
rehearsed the C Pairs more than the E Pairs on the study trial, it
doeshnot seem possible that the associative strength of thé C Pairs
wssld even approach that of the E Pairs. It therefore becomes apparent
that no simple conclusion about the rqle of associations in recognition
is possibie. Thig is‘not to say that an intérprotatidn of the findings
_of Experiment 6 aslseen in Fig. 6 is not possible. A tentarive inter-
pretation will 5é given later. Before doiné this, however3witmwillwbemeh;“mm¥

useful to look at the results of some additionaltexperiments.
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Experiment 7

In this experiment Ss were again p;esented pairs of items from the
five classes or types of pairs used in Experiment 6. On the test, only
one word from each pair was tested, along witﬁ single words (controlvor
new words) which had not been presented. The purpose of this procedure
was not to test the effects of removal of associative context. Rather,
the interest was centered ia the relative recognition performance under
these "impoverished'" conditions for the five different classes. The
interest was in particular directed toward the homotuvms. It had seemed
clear from Fig: 6 that a lenient nriterion was involved in the judgments
on the homonym pairs. This alone could result-in few misses on the E
Pairs. But still another factov would also kéep the number of misses to
a minimum. As discussed earlier, a homonym pair should double the
ifrequency of the accustic-articulatory response as compared with that
for any single word in the pairs of the i .ner classes. Insofar as
frequency information enters into the recognition decisions for pairs,
the misses should be less for the homonym pairs than fo: other types.
Now, when a singlé word from a homonym pair (as presented for study) is
presented for a YES-NO test, the acousticfafticulatory frequency should
be the major basis for the decision. In‘faét, it should be of little
consequence whether the pair or the single wérd is ﬁresented if fre-

quency is the dominant attribute. Number of misses should be small in

SRR S . i
both cases. Consider next the case of a single new word being tested,

a new word which is a nominal member of a homonym pair but a pair which

wis not presented for study. There seems to be no reason to expect
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that rhe S$ would perceive this wérd as having a homonym. Therefore,
there should be no criterion problem that is specific to homonyms. Or,
in terms of formal predictions for the experiment, new items (from -
nominal homonyﬁ pairs) should not produce more false alarms than single
new words representing the othér classes. And, as discussed above,
misses should be fewer on the old words from homonyﬁs pairs than on the
old words from the other pairs.

Methed

Study lists and test booklets. The S was presented 50 pairs for

study, 10 pairs from each of the five clagses. There were also two
i

filler pairs at the beginning and end. On the test, one word from each
of the 50 pairs was printed in a booklet'along with 50 new words,
representing one word from each of the 56 pairs remaining in the five
classes. For the 50 pairs presented for study, half the time (within
each class) the first word in the pair was tested and half the time the
second word in the pair was tested. By using two study lists, and a
single test form, each word served once as an old word and once as a
new word. The study list was block randomized so that each type of pair
occurred once in each block of five triéls. "On the test form (two pages),
the 10 item types (five old and five new from ezch class) were block
randomized and were random with respect to input.order.

Procedure and Ss. Prior to presenting the list of pairs for study,

LN
the S were informed that the study list corsisted of a series of pairs,

ard further, that on the test there would ke single words, some from the
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pairs presenied and some from pairs not presented. Thev would Be required
to make a YES-NO decision on each word. The list was presented by a slide
projector at a 5-sec. rate. JImmediately following the presentation of
the last slide, the booklets were distributed; and the instructions for
the test repeated. As was true in all of the prévious studies, the
test was'unpaced and the S wasrrequired to completé all items on tiie
first page before going to the second. Thirty-four Ss completad each
form for a total of 68.
Resuitg
Figure 7 shows the basic resuits, plotted in the same manner as
Fig. 6. Two faccs are to be noted. First, errors on the antonyms (both
misses and false ala;ms) were considerably higher than for the other
types. Sécond, the fewest misses were made on the homonym pairs. The
statistical analysis shows that class or type of item, based on M+FA is
reliable, F ( 4, 268 ) = 18.72, p<.C1l. More erfors were made on old
words (f=1) than on new words (£=0), F (1, 67 ) = 6.18, p £.05, and
the interaction between ffequency and type was also reliable, F ( 4, 268 )
= 6,52, p<.0l. Sources of these effects are quite aéparent in Fig. 7.
The number of misses on the homonyms was élighfly under 14%. The
class of items having the ;ext féwest misses was concéptual associates
19%. A direct-difference t showed this difference tec be feliable,

t (67 ) =12.84, .01. This may be interpreted to mean that input
LS )22 _ : P
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frequéngy was-gféat;r on the homonym pairs.than on the oﬁher types.

The factvthat there were only slightly more false alarms ("yes' to new
items) Ffor “he homonyms than for the corresponding items in three oif the
other classes is interpreted to mean that a criterion difference for the
classes was éf little consequence in this study.

Recognition of antonyms was clearly inferiorAto the recognition of
the words in éhe other classes. There was a suggestion of this possi-
bility in the previous experiment for the E Pairs (see Fig. 6). A part
of the differcnce seen in Fig. 7 can be attributed to heavy testing
effects for the antonyms. This is to say, perfjﬁmance decrgased in
accuracy from page 1 of the test booklet through page 2. This was
quantified for each class of items by.using M+FA, with 10 items on
each page. The errors increased for the parallel associates (15.3%
to i9.3%j, for the synonyms (16.9% to.22.22), and for the zntonyms
(20.7% to 31.5%). All three of these changes were reliable beyond the
.05 confidence level. The homonyms showed_an unreliable increase
(14.9% to 16.5%) and the conceptual associates.showed a siight decrease
(17.67 to 16.2%). Tﬁe reasons for“these differential testing effects iq
this experiment are not'éleér..nit should be 5oted, wwaver, that as
pointed out earlier, there were no systematic changes in test performance
over pages for Experiment 6 where pairs werc tested.

.Exberiment 8
This experiment will be briefly reported. 1t had as its major pur-

pose the examination of the possibility that some peculiarity of the
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words used in the homonym pairs led to the small number of misses in
Experiments 6 and 7. It is, perhaps, becoming apparent that some
theoretical importance is to be attached to the findings.reported thus
far for the homonyms. The test made in the present experiment was
simply to present single words from the pairs in each ciass fof study
and then test these singlg words for recognition along with rew words
from the classes. The critical question is whether or not the outcome
will be the same for single words from the homonym pairs as for the
single words from the other classes, particularly the classes other than
antonyms. The antonyms appear toc represent a special problem.

Method

The same test-forms were used as in Experiment 7. The study list
consisted of 50 single words (plus two filler words at the beginning and
end of the series), 10 in each class, representing 10 of the pairs.
These were in fact the same words as tésted in Experiment 7. By using
two different presentation lists, each of éO words in each class served
both as new words and. as old words:

The Ss were fully inﬂtrucged cohcerning the study list and the
method of testing. There were 24 completed records for each of the two
forms for a tdtai of 48.° All procedures were exactly the same as in
the previous studies.
Results

The essential results are shown in Fig. 8, which is plgfted in the

same manner as the other recent graphs. It is to be noted that the
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results for the single words from the homonym pairs fall well within

the limits set by the parallel associates, conceptual associates, and
synonyms. This is to conclude, therefore, that there seems_to.be nothing
peculiar about the words in the homonym pairs when recognition performance
is obsérved for them as single words.

Figure 8 shows that the single words from antonym pairs produced
many false alérms, as well as more misses than did the words from the
other classes. Performance on the antonyms was largely responsible for
the reliable class effect, F ( &4, 188 ) = 8.46, E_(;Ol. There is a
suggestion that a criterion difference might exist for the antonyms
versus the other classes, but the interaction between old-new and type
was less than one. It should be clear that the new items in the test
were not, for any of the classes, the associated wofd as shown in Table
2. The false alarms cahnot, therefore, be attributed to implicit associa-
tive responses elicited during the study trial which were represented in
the new words on the test. If the false alarms are to be attributed to
such impiicit responses they arise f:qm sources which cannot be easily
identified. That some of the false alarms could be attributed to this
mechanism is not to be denied, but it is not apparent why these should
fall more heavily on the antonyms tﬁan on the other classes.v The antonym

problem wili nov be pursued further in this paper.
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General Discussion

This research was initiated to determine the role which an associa-
tion.between a pair ;f words played in recognition. Given the knowledge
of this role (if such existed) it would be possible to assess the degree
to which frequency theory fails to accomodate it., The major purpose of
this discussion is.to make this aséessment.; The basic evidence from
the experiments will be summarized initiall?.

1. Experiments 1 and 2. showed that parallel procedures in which
recognition decisions were required in one case and frequency judgments
in the other produced the samg outcomes quantitatively. This Qas true
for both absolute and relative judgments., Errors tended to féll on the
same pairs for both types of judgments, and recognition errors were
pfedictable from frequency judgments by combining the means and variance
of the frequenc& judgments.

2. The paired-associate study showed that pairs on which few
recognition errors were made were more easily associated than were pairs
on wﬁich ﬁany errors were made. This would seem to implicate associabil-
it& as a factor in recognition performance over and above frequency.
Expegiments 3 and 4 supported this conclusion'iq.sbowing that a pair of
words, both shown on the study list but in different pairs, were less
likely to be recognized than were intact pairs:

3. Experiment 6, however, in which pairs of culturally associated
words were used, provided no consistent evidence that recognition per-
formance was better for associated pairs than for nonassociated pairs.

If one assumes that the associdtion in culturally associated words is
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not qualitatively different from tt- associations established in the
laboratory betwéen initially neutral words, the findingé with the
culturally associated words are in direct confict with theose summarized
in point 2 above.

4. Quite unexpectedly, criterion differences were found between
frequency judgments and recognition decisions, the criterion being more
lenient for the former. Recognition performance on homonym pairs alsn
reflected a much more lenient criterion than was found for control pairs
and culturally associated pairs.

The results of Experiments 1 andAZ‘make it difficult to turn
abruptly away from firequency as the basic discriminative attribute for
pair recognition. Therefore, the attempt has been made to dévelop a
coherent account of the basic findings, using an expanded tH€3¥§ ;f
frequency discrimination. This expansion is post hoc, and consequeﬁtly
must be viewed with skepticism, although the,formulation'és‘a whole
does rest on frequency theory as developed in recent years. Before
describing this account, it seems necessary to show how associative
information or assoclative strength between words in a pair caanot be
tgken seriously as a direct explanatory mechanism for paif reéognition.

Experiment 6 showed that associated pairs and nonassociated pairs
produced equivalent recognition performance. Tt would be quite possible
to obtain such a result even if the recognition performance in the two

cases was mediated by quite different types of information in memory.

.To be more specific, for the associated pairs the decisions mav have
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been based exclusively on the associafive relationship, while the decisions
for the nonassociated pairs may have 5een based on frequency information.
Two considerations argue against the idea that the associative information
is critical in the recognition of the culturally-assogiated pairs of
words. First, the new pairs far the associated pairs were also highly
assoriated pairs. Therefore, some information other than associative
information would be required to distirguish between the old and new
pairs, Othérwise, the Ss should have accepted any associated pair as
having been included in the study list. Still, it might be argued (and
Ihis leads to the second point) that the single presentation of the
associated pairs so increased the momentary situatioéal strength of the
association for the associated pairs that they were distinguishable on
this basis from the control pairs even though the latter were strongly
‘associated by cultural usage. This does not seem to bé a likely possi-
bility. .In Experimen;-Z, 12 pairs made up of unrelated words were pre-
sented twice during the study trial; and 12 pairs were presented three
htimes. On the YES-NO recognition test there were 5.37 misses for the
former pairs, 3.5% for the latter. Although comparing error rates from
experiment to experiment is risky because of many possible differences
in subject samples, number of words presented and tested, and so on,
these values must be considered appreciably less than the misses for the
culturally associated pairs presented once. It does not seem appro-
priate to conclude that a neutral pairs-of wowds, presented twice, has

. B

a stronger associative link between them than does a pair of culturally
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associétea wofds, such as table-chair; presented once.. Based on associa-
tive strength alone, there is no reason to believe that the Ss should
have made any errors on the culturally-associated pairs of words.
Associative strength, at least as the term-is understood as a consequence
of multiple trials in the laboratory, dqes not seem to be directly
involved at all in the recognition decisions. Thié conclusion was
important in directing the explanatory efforts back toward frequency as
the fundamental discriminative attribute for pair recognition.

In a recent study tﬁnderwood & Zimme;man, 1973), the evideﬁce
pointed toward the fact that each syllable of a two-syllable word.
gainedva small amount of subjective frequency which was independent of
the frequency information for the word per se. This is to say that the
subunits.of larger units may have frequency representation in memory.
This abstractive nature of the assimilation.of event frequency has long
been known to be a characteristic of memory in the developmeptal history
of fhe individual (Underwood, 1971). It now seems evident that fhis
same feature obtains to some degree in the laboratory. The implication
of this fact for frequency theofy as applied to recognition of pairs is
that the frequency information in memory will consist of information
about each word, and aléo about the two words as a unit.

Given that frequency assimilation for a pair may involve three event
frequencies, it is reasonable to ask what the optimal frequency should be
for each event if recognition errors are to be winimized following a

single presentation of a pair. Obviously, this arrangement would be one
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in wﬁich each unit has a subjective:frequency of one, and the pair as a
unit has a subjective ffequency of one. All three sources of informa-
tion would lead the S to respond with YES. A reduction in the subjective
frequency fr.r ahy one of the three events shéuld reduce the likeliﬁood
of a correct decision. Assumptions will ﬁow be made to reflect changes
in the subjective ffequency of each of the three events, hence changes
in the likelihood of a correct decision.

It will be assumed that the stf;nger the association between two
words prior to the study trial, the greafer the likelihood that the
subjectibe frequency of the pair as a unit will approach one, and the
less.the likelihood that the subject frequency of each word will
approach one. The converse mé§ be stated. If there is no associative
relationship existing betwéen tw0'words prior to the study trial, the
greatér is the likelihood that the.subjective frequency for the indivi-
‘dual ﬁords will approach one, and the less the likelihood that the
subjective frequency of the pair as a unit will approach one. 1In the
extreme case, if no associative link is developed between the words in -
a p;ir during the study trial, the subjective frequency of the -pair as
a uﬁié would be zero. The application of these notions to the data may
now be examined.

1. In Experiment 3, re-pairing old words on the test resulted in
an increase in the ‘errors. This would be accounted for on the grounds
that a re-paired item hés ns subjective frequency for the pair as a

’ .
pair. The decision must be made on the basis of the subjective frequency
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for the individual words. In Experiment 4, errors on the recognition of
a single word from a pair presented for study increased (as compared
with the presence of the intact pair), énd the amount of increase was
independent of the newness or oldness of the context wotrd. The lack of
pair-frequency information is believed responsiﬁle. In a further
experiment, not reported in this series, individual words were

presented for study. On the test, pairs of individual words were pre-
sented juét-as in Experiment 4 and with §'always making a recognition
decision on the second word. Just as found by Thomson (1972), the
characteristics {(old or new) of the first word in the pair had no effect
on the recognition of the second. Since there was no pair-frequency
information induced during study, no losé of accuracy ébould have been
found by prefixing either old or new words to the test word.

2. Pairs on which few recognition errors were maqe were moré
easily‘associated (in a paired-assoéiate test) than were pairs on which
many errofs were made. ?he easy pairs were also judged to have higher
frequency than were the difficult pairs. The easy pairs represent
pairs which approximate as closéiy as it is probably possible the maximum-
frequency case. The pair was not associated prior to the study trial.
But, for whatever reasg;, an association could be established readily.

Tr this process, each word will receive a nedr maximum frequency (one), .
and in addition, the péir will approach this maximum because of the rapid

formation of the association.

3. Why were not culturally associated words better recopgnized
‘than non-associated words? It is now‘presumed that this result is a

coincideunce of the distribution of subjective frequency information. For



55

the associated pairs, the decisions are primarily based on pair frequency,
for the nonassociated pairs, on element or single-word frequency. It
would be suspécted that the small differences in errors arong the four
classes of associates resulted from differences in the wmagnitude éf the
subjective frequency for the single words.

It should be repeated that the formulation is post tioc. However,
it does have a number of_testable implications. AIthougH these will
not be examined here, it can be seen that the basic idea would be to
evolve procedures which would change the subjective frequency of one or
"more of the sources assumed by the theor? to be involved in the recogni-
tion decisions. *

The theory does not seem capable of hancling cleanly the false
alarm data for N-O and O-N pairs in Experiments 3 and 4. All that can
be said is that since subjective frequency should be present for one of
the three events held important by the theory, the S is led to a YES

response. This is not considered a satisfactcry account for such false

alarms.
/

Finally, the result for the homonym pairsnprbvided a special case
for frequency theory, a case that toucﬁes on several issues. Frequency
theory makes no assumpgion concerning the awareness of the S that he is
using frequercy information in recognition decisions. In fesponse to
ﬁuestioning, Ss will sometimes respond that the corrgct‘item looked
familiar, but more frequently given is the response: '"it locked right."

It will be remembered that the only distinctive difference found between
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a
recognition decisions and frequency judgments in Expériments 1l and 2
was that the Ss set a more lenient criterion in making frequency judg-
ments than in making recognition,decisions. Now, when the § is presented
homonym pairsAhe may, with sdﬁe level of intention? make his decisions
on the basis of the frequency of the acoustic-articulatory respdnses
he produced to a pair during the study trial. If this is the case,
then whatever lead:; the § tovset_a lenient criterion for frgquency
judgments may likewise lead him to do the same in recognition of ﬁairs
of homonyms. That frequeﬁcy of.tﬁe acoustic-articulatory response is
implicated seems clear by the results of Experiment 7. This stﬁdy showed
that relatively few misses were made on a single word from a homonym
pair, a result that was not due to a lenient criterion. Theig, in
effect, had a subjective frequéncy of two for the single acoustic-
articulatory responée; for tﬁe other classes‘of items, the fréqpency
would be appreciably less.

This series of experiments was initiatéd with the expectationAtHaé,
associaéive information in memory would cause a serious breakdown iq
the usef&lness of frequency information as an explanatory mechénism.
The evidence as viewed has led to the conclusion that it would be premature

to abandon frequency theory in attempts to account for recognition per-

formance for associatively related verbal units.
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Table 1
Easy‘and Hard Lists used in the FPaired-Associate Experiment with

Other Relevant Information about the Pairs

Recognition Errors Frequency Judgments Correct in

Easy List | Exp. 1 Exp. 2 M Mg PA
nymph-prune 1 4 .95 1.53 | 67
bacon-shrub 3 6 1,11 1.28 - 58

~ mound-alert 3 15 1,24 1.29 65
onion-ivory 4 | 4 ‘ ..93 1.37 | 75
daddy-waver 5 3 .86 - 1.30 77
broom-folly 5 s 126 13 .6l

‘laden-cargo 5 8‘ 1.09 1.33 55
drank-voter 6 6 .99 1.43 76
exalt-baron 6 | 3 1.05 . 1.52 62
wedge-canon 7 6 97 1.26 | 53
Mean 4.5 6.0 1.05 _1.57 S 64.9

Hard List

hateh-focus 25 21 © .80 . .84 45
marshnbrute_” 20 13 .76 .96 23
award-birch 17 6 .94 1.07 . 54
twelt-forge - 17 4 99 1.27 L9
~ harsh-inner | 16 17 81 1.01 : 44
lance-chime 16v 21 .73 .97 44
p risen-stray 16 18 .86 .97 43
nunch-exile 16 - 8 1.08 1.33 22

(continued)




thief-drill
flush-abide

Mean

Table 1 continued

15 10 .78 96
1511 89 1.16
17.3 2.9 .8  1.05

39.

60

66

22
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Table 2

Critical Pairs of Words used in Experiments 6, 7, and 8

Antonyms
day-night
badjgood
lost-found
hard-soft
dirty-clean
boy-girl
buy-sell
true-false
give-take
high-low
king-queen
long~short
slow-fast
bottom-top
far-near
hate-love
open-close
rich-poor-
smoo-h-rough

under -over

Conceptual
Associates
canary-bird
horsé-animal
minnow-fish
maple-tree
python-snake
waltz-dance
pansy-flower
red-éolor

murder~-crime

water-liquid

apple=-fruit
canéer-diséase
bracelet-jewelery
silk-cloth
pliers-tool
emerald-gem
gnat-insect
east~direction
4unc1e-re1ative

0il~fuel

Parallel

Synonyms

Associates
cup-saucér
bed-sleep
bread-butter
income-~-money
lamp-light
hammer-nail
Qeedleuthread
salt-pepper
eight-niné
scissors-cut
spider-web
table-chair
ale-beer
army-navy
caﬁdy-sweet
dock-boat
hand-fooc
nurse-doctgr
mail-letter

lock-key

complete-entire

spoken-verbal

" hidden-concealed

empty-vacant
bungalow-house

capsule-pill

- chill~cold

correct-right
wicked-~evil
signature-name
starved-hungry
silent-quiet
grief-sorrow
careful-cautious
mad-angry
tiny-small
central-middle
ancient-old
rural-country

boulder-rock

61

Homonyms
see-sea
pail-pale
plane-plain
minor-miner
peek-peak
cent-sent
weak-week
fafe-fair
sleigh-slay

tea-tee

4stayed-staid

sale-sail
wholly-holiy
mane-main
meat ~meet
need¥kneed
tode-1lcad
course-coarse
prey-pray

seen~-scene .
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Table 3

Mean Errors (M+FA) for E Pairs and C Pairs in each of the Five Classes#

»Parallel . ~ Conceptual
Associates Synonyms Antonyms Homonyms Assgciates
E Pairs 1.14 ‘ 1.15 1.70 1.42 .95
C Pairs 1.32 1.32 | 1.23 ' 1.10 .83

# The standard deviations for these 10 disbributions variead

between .94 and 1.39
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Footrontes

1This research was supported by the Personnel and Training Research
Programs, Psychological Sciences Division, Office of Naval Research,
under Contract N00014-67—A-035§-0010, Contract Authority Tdentification:
' No. NR 154-321. ;
2Requests for reprints should be sent to Benton J. Underwood,
~ Department of Psychology, Northwestern University, Evanston, I1linois
60201,

3This pool of words was formed by Dr. Carl P. Duncan. Its use is

greatly appreciated.
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