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The role of familiarity in recognition

ROBERT L, GREENE
Case Western Reserve University, Cleveland, Ohio

The role of familiarity in recognition was investigated by having subjects study a list of stimuli, some
of which had been presented earlier in the experiment, The number of positive responses, both to tar
gets and distractors, increased as a result of this familiarization process. This familiarization process
had a greater effect on false alarms than on hits, so that recognition accuracy was lower for familiar
stimuli than for relatively novel stimuli. This pattern of results differs from that found in most experi
ments studying the effects of linguistic word frequency on recognition.

How is recognition affected by the familiarity of the
stimuli? This issue has been studied recently by two dif
ferent sets of investigators, who found different patterns
ofresults (Maddox & Estes, 1997;Tulving & Kroll, 1995).
Both sets of investigators used what Maddox and Estes
called a three-phase design. In the first phase, subjects
are exposed to stimuli. In the second phase, subjects re
ceive a study list that contains these preexposed stimuli
(as well as possibly other stimuli that have not been pre
sented earlier in the experiment), In the third phase, sub
jects receive a recognition test on the study list.

Tulving and Kroll (1995) had four subjects make self
paced living/nonliving judgments to a set ofwords. After
a short break, subjects made living/nonliving judgments
to a second set ofwords, This second set contained some
words that had been in the first set, as well as some new
words. Finally, subjects received a recognition test and
were asked to respond positively only to words that had
been on the second list. Tulving and Kroll found that rec
ognition accuracy was lower for familiar stimuli (i.e.,
those that had been included on the first set) than for novel
stimuli (i.e, those that had not been included on the first
set). In particular, hits were lower,and false alarms higher,
for the familiar stimuli than for the novel stimuli, thus
exhibiting a pattern referred to as the mirror effect (Glan
zer & Adams, 1985), Tulving and Kroll noted that their
pattern resembled that found in studies comparing recog
nition for words varying in frequency of occurrence in
the language and suggested that both reflect the operation
of a novelty-assessment mechanism, which prevents fa
miliar stimuli from being extensively processed.

Tulving and Kroll's (1995) data, and particularly their
finding that an experimental manipulation of familiarity
decreased hits and increased false alarms, are notable for
several reasons. First, if experimental familiarization re
ally has effects similar to those oflinguistic frequency, it
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would be strong evidence that the latter truly is due to the
frequency ofthe stimuli per se and not to other word char
acteristics that are correlated with word frequency. Sec
ond, the finding that the hit rate is lower for familiar words
than for novel words appears difficult to reconcile with
the assumption underlying many formal models of rec
ognition (e.g., Estes, 1994; Gillund & Shiffrin, 1984;
Hintzman, 1988) that recognition decisions are largely
driven by familiarity (usually defined as the overall sim
ilarity between a test stimulus and the contents of mem
ory); these models assume that the probability ofa positive
response increases as a monotonic function offamiliarity.

However, Maddox and Estes (1997) reported a pair of
experiments that found very different results from those
ofTulving and Kroll (1995). Maddox and Estes manipu
lated the frequency of nonword stimuli from one to four
presented at a 1.5-sec pace in the first phase of a three
phase design. Some ofthese stimuli were presented again
in the second phase. On the recognition test administered
in the third phase, both hits and false alarms increased as
Phase 1 frequency increased from one to four, resulting
in little change in accuracy; Maddox and Estes referred
to this pattern (with a manipulation affecting hit rates and
false alarm rates in the same direction) as a concordant
pattern. Not surprisingly, Maddox and Estes's conclu
sions were largely opposite to those that could be drawn
from the Tulving and Kroll study. Maddox and Estes con
cluded that the effects ofexperimental familiarization dif
fered from those of linguistic frequency, so that the lat
ter probably did not reflect frequency per se and the basic
pattern of results was consistent with the assumptions of
global-matching models of recognition.

Maddox and Estes (1997) noted that the design of the
Tulving and Kroll (1995) study was the one closest to
theirs in the literature. They suggested that the discrep
ancy in results reflected a lack of control of the learning
conditions in the Tulving and Kroll study,highlighting two
factors in particular-namely, that presentation of stim
uli was subject paced and that words were used as stim
uli. These two factors could have led subjects to follow a
strategy of devoting more rehearsal to the less familiar
items during presentation of the second list.
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The experiments reported here addressed the question
of the effects of familiarity on recognition memory. In
Experiment 1, all subjects received two lists and were
then tested on the second list. Two manipulations were
varied across subjects. The first was the nature of the to
be-remembered stimuli (words, as had been used by
Tulving & Kroll [1995], or digit triads, which had been
used by Maddox & Estes [1997]). The second was con
trol of the presentation of the study (i.e., second) list
(subject paced or a constant 1.5-sec rate), which would
influence the opportunity for subjects to rehearse items
differentially on the second list.

EXPERIMENT 1

Method
Subjects. Sixty-four students in introductory psychology classes

participated to fulfill a course requirement.
Design. The structure ofthe experiment was (1) a familiarization

series, in which stimuli could occur four times, twice, or once; (2) a
study list which contained halfof the items from the familiarization
series and an equal number ofunfamiliarized stimuli, all occurring
once; and (3) a recognition test, in which subjects were asked to give
positive responses only to items from the study list. There were two
repeated measures factors: familiarization frequency (number of
occurrences on the familiarization series: four, two, one, or none)
and study (whether or not an item had appeared on the study list).
There were two between-subjects manipulations: stimulus type (com
mon nouns [with rates ofoccurrence ofat least 50 times per million
words, according to Thorndike & Lorge, 1944] and digit triads con
structed randomly) and presentation mode of the study list (1.5-sec
rate or self-paced mode, with the subject pressing a key to advance
to the next item).

Procedure. Subjects were asked to study a series of items (the
familiarization series) for an unspecified memory test. This famil
iarization series consisted of 30 items presented four times, 30
items presented twice, and 30 items presented once, as well as 5
once-occurring buffers at the beginning and 5 at the end of the list,
for a total of220 presentations. This series was presented on a com
puter screen at a 1.5-sec rate. Immediately after completion of the
familiarization series, subjects were asked to study another set of
items (the study list) for an unspecified memory test. The study list
was presented on a computer screen, at a 1.5-sec rate for half ofthe
subjects and in a self-paced mode for the others. The study list con
sisted of 60 critical words (equal numbers ofwhich had occurred four
times, twice, once, or not at all in the familiarization series) as well
as 10 untested buffers. All items occurred once on the study list.

After the study list was completed, subjects were given a mem
ory test in which they were asked to give a positive response only to
items that had occurred on the study (i.e., second) list. This test con
tained 120 items, with 15 items falling in each of eight conditions.
The eight conditions resulted from the crossing of four familiariza
tion frequencies (four, two, one, or zero) with two study conditions
(studied or nonstudied on the study list). In all of the experiments
reported here, assignment of stimuli to familiarization frequency
and study condition was randomized separately for each subject.

Results
Table 1 displays the proportion of positive responses

given to items that were studied or nonstudied on the study
(i.e., second) list as a function of familiarization fre
quency and stimulus type (word or digit triad). Clearly,
familiarity increased the number ofpositive responses, a

Table 1
Proportion of Test Stimuli Judged to be From the Study List

Familiarization Frequency

Experiment 1 4 2 0

Studied
Words .72 .68 .64 .57
Digits .54 .51 .45 .42

Nonstudied
Words .56 .46 .36 .18
Digits .50 .40 .38 .29

Familiarization Frequency

Experiment 2 20 2 0

Studied .74 .61 .55 .47
Nonstudied .54 .29 .26 .11

Stimuli

Experiment 3 Familiar Novel

Studied .81 .67
Nonstudied .49 .15

conclusion in general agreement with Maddox and Estes
(1997). This effect was present for both studied and non
studied items, although the effect appears somewhat
larger in the latter case. Whether presentation on the study
list was self-paced or computer paced did not interact with
any of the other variables, so the proportions shown in
Table 1 were collapsed across this variable. The type of
stimulus (digit triads or words) did have an effect, but
the overall pattern of familiarity increasing the number of
positive responses was present for both stimulus classes.

An analysis of variance was conducted on the number
ofpositive responses as a function ofthe within-subjects
variables of familiarization frequency (occurrences on
the familiarization series: four, two, one, or none) and
study (whether or not an item occurred on the study list),
as well as the between-subjects variables of stimulus
type (word or digit triad) and pacing (self-paced or 1.5
sec rate). The critical findings were the significant effect
offamiliarization frequency [F(3,180) = 69.86, MSe =
3.57] and the significant interaction of familiarization
frequency with study [F(3,180) = 14.44, MSe = 2.38],
showing that nonstudied items were more affected by fa
miliarization frequency than were studied items. There
was also a significant three-way interaction among famil
iarization frequency, study, and stimulus type [F(3,180) =
3.75, MSe = 2.38], suggesting that accuracy in memory
for words was affected more by familiarization frequency
than was accuracy for digit triads. For completeness, it
should be noted that the overall number of positive re
sponses was significantly affected by study, stimulus type,
and pacing, and there was a significant interaction between
study and stimulus type (suggesting greater accuracy for
words than for digit triads).

Because the effect of familiarization frequency was
greater on nonstudied items than on studied items, accu
racy declined as a function of familiarity. A similar con
clusion is reached if one calculates d' scores. As familiar-



ization frequency decreases from four to two to one to zero,
mean d' scores increase from 0.30 to 0.44 to 0.47 to 0.83;
this effectwas significant [F(3,186) = 14.67,MSe = 0.22].

EXPERIMENT 2

In Experiment 1, subjects were more likely to give a
positive response to a familiar test stimulus than to a
novel one. This stands in contrast to the results ofTulving
and Kroll (1995), who found that the probability of a
positive response decreased for studied items as a func
tion offamiliarity. However, they had used a higher num
ber of familiarization exposures (a total of six) than had
been used in Experiment 1. Possibly, the function relat
ing hits to familiarity was nonmonotonic, so that a very
high level of familiarity must be employed before the hit
rate decreases. This was investigated by having items on
the familiarization series occur 20 times, 2 times, or 1
time. Because type of stimulus and item pacing had not
appeared critical in Experiment 1, in Experiment 2 we
used only word stimuli, and all items appeared at a 1.5
sec rate.

Method
Subjects. Twenty-four students from introductory psychology

classes participated to fulfill a course requirement.
Procedure. The procedure was identical to that used in the con

dition of Experiment I employing word stimuli and a computer
controlled 1.5-sec presentation rate, except that the familiarization
series now contained 30 words occurring 20 times each, 30 words
occurring 2 times each, and 30 words occurring once, along with 10
buffer words, for a total of 700 presentations. As in Experiment I,
each item occurred only once on the study list, and the subsequent
test required subjects to give positive responses only to items in
cluded on the study list.

Results
As shown in Table I, familiarity increased both hits

and false alarms, with the latter being somewhat more af
fected than the former. An analysis of variance was con
ducted on the number of positive responses. There were
significant main effects of familiarization frequency
[F(3,39) = 83.32, MSe = 2.80] and study [F(1,23) =
158.88, MSe = 5.78]. There was also a significant inter
action between familiarization frequency and study
[F(3,69) = 3.78, MSe = 3.26], indicating that nonstud
ied items were more affected by familiarization fre
quency than were studied items. This pattern is the same
as that found in Experiment I. The fact that false alarms
were more affected by familiarization frequency than
were hits suggests that recognition accuracy was im
paired by familiarity. For familiarization frequencies of
20,2,1, and 0, mean d' scores were 0.58, 0.89, 0.74, and
1.17; the effect of familiarization frequency on d' was
significant [F(3,51) = 3.70, MSe = 0.30].

EXPERIMENT 3

In Experiments I and 2, subjects did not have to per
form any sort oforienting task during the presentation of
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the familiarization series or the study list. However, Tul
ving and Kroll (1995) had their subjects perform living/
nonliving judgments during presentation of both the fa
miliarization series and the study list. In Experiment 3,
we included this in the procedure so that it could be de
termined whether this was critical.

Method
Subjects. Twenty-four students from introductory psychology

classes participated to fulfill a course requirement.
Procedure. In the first phase, subjects saw a set of 80 words,

each presented four times, and had to make a self-paced living/
nonliving judgment about each one on each presentation. Thus, there
were 320 presentations in this sequence. Then, there was a 5-min
interpolated typing task. After this, subjects saw a set of 80 words,
all presented once, and had to make self-paced living/nonlivingjudg
ments for each of them; of these 80 words, halfhad been shown in
the first phase, and half had not. Then, subjects were given a recog
nition test in which they were shown 160 words. This test consisted
of 40 words shown in both phases, 40 shown in the first phase and
not in the second, 40 shown in the second phase and not in the first,
and 40 not previously shown in the experiment. The subjects were
asked to give positive responses to those shown in the second phase.

Results
In Experiment 3, we found a pattern of results similar

to those found in the first two experiments. Once again,
the proportion of positive responses was higher for famil
iar stimuli than for novel stimuli, with this difference being
greater for nonstudied items than for studied items.
Table 1 displays the proportion of positive responses as
a function offamiliarity (inclusion on the familiarization
series) and study (studied or nonstudied on the study
list). An analysis ofvariance conducted on the number of
positive responses revealed significant effects of famil
iarization [F(1,23) = 266.79, MSe = 25.55] and study
[F(I,23) = 405.41, MSe = 5.65], as well as a significant
interaction betweenthesefactors [F(I,23) = 30.01, MSe =
12.39]. Because familiarity had a greater effect on false
alarms than on hits, there was a significant difference be
tween the mean d' scores for familiar (0.52) and novel
(1.12) items [F(1,23) = 29.11, MSe = 0.15].

GENERAL DISCUSSION

In all three experiments, subjects were more likely to
give positive responses to familiar stimuli than to novel
stimuli. This effect followed what Maddox and Estes
(1997) termed a concordant pattern, with both hits and
false alarms increasing as a function of familiarity. This
result is in agreement with the results of Maddox and
Estes and is also consistent with the general assumption
in global matching models that recognition decisions are
largely driven by familiarity.

In all three experiments, experimental familiarity in
creased both hits and false alarms. This contrasts with
studies of the effects oflinguistic word frequency on rec
ognition, where hits decrease and false alarms increase
as a function of word frequency. Thus, the results here
are in agreement with Maddox and Estes's (1997) argu
ment that linguistic word frequency effects in recognition
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are not due to frequency of occurrence per se but may
reflect other properties that are correlated with linguis
tic frequency.

Tulving and Kroll (1995) tested only 4 subjects in
their study. It is possible that the particular pattern that
they found would not hold over other sets of subjects.
The only claim that they tested statistically was that
recognition accuracy was impaired by familiarity. This
claim is supported by all three experiments reported here.
Ironically,Maddox and Estes (1997) found little influence
of familiarity on accuracy in recognition. However, their
analyses were restricted to items that had occurred on the
familiarization series (i.e., those that had a familiariza
tion frequency ofat least one). The results ofExperiments
1 and 2 here suggest that the largest change in accuracy
results when familiarization frequency is increased from
zero to one. Additional increases in familiarization fre
quency had only smaller effects on accuracy.

The empirical finding here was that both hits and false
alarms increased as a function of familiarization fre
quency, with the latter showing a steeper increase. This
finding is in agreement with results reported in recent
studies. Dobbins, Kroll, Yonelinas, and Liu (1998, Ex
periment 1) have demonstrated that recognition accuracy
declined significantly as a function offamiliarization fre
quency; both hits and false alarms increased with higher
levels of familiarization frequency, although no signifi
cance tests were reported on those data. Chalmers and
Humphreys (1998) studied the effects offamiliarization
frequency on several different memory tests. In the con
ditions most similar to those studied here (a yes/no
recognition test on either high-frequency words or very
rare words, with the familiarization series and the study
list presented on the same day), both hits and false alarms
increased as a function offamiliarization frequency, with
the latter showing the greater increase.

It is likely that the pattern reported here must be sub
ject to boundary conditions. For example, Chalmers and
Humphreys (1998) found that, when a very low-frequency
word was presented with its definition on each occur
rence, accuracy in recognition increased as a function of
familiarization frequency. For these stimuli (whose mean
ings were presumed to have been unknown to the sub
jects before the beginning of the experiment), additional
opportunities to acquire the definitions were evidently
beneficial, outweighing the negative effects that famil-

iarization typically has on accuracy. Also, familiarization
frequency had a much smaller effect on recognition ifthe
familiarization series and the study list had been pre
sented on separate days, presumably because subjects
found it easier to discriminatebetween familiarization pre
sentations and study-list presentations. Boundary condi
tions such as these make it clear that attempts to attribute
recognition entirely to familiarity (defined operationally
as frequency of occurrence) are doomed to failure.

Traditionally, studies of recognition memory have often
been concerned with accuracy. However, a complete ac
count ofthe processes underlying recognition will require
an understanding of which manipulations lead to mirror
effects (opposite effects on hits and false alarms) and
which lead to concordant patterns (with hits and false
alarms being affected in the same direction). The results
reported here suggest that familiarity leads to a concor
dant pattern. This finding is consistent with the claim
that familiarity plays an important role in recognition
judgments.
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