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When the encoding episode is held constant, memory
performance will often covary with the querying proce-
dure used at test. Tulving (1985) found the usual advan-
tages of recognition memory over cued recall and of cued
recall over free recall. He also demonstrated, using the
remember–know procedure, that the relative amount of
recollection was greatest in free recall, next greatest in
cued recall, and least in recognition. The opposite pat-
tern was found with know responses. Over the years since
its introduction, the remember–know procedure has
evolved into one method by which to separate the relative
contributions of recollection and familiarity to memory
performance (e.g., Jacoby, Yonelinas, & Jennings, 1997;
Kishiyama & Yonelinas, 2003; Yonelinas, Dobbins, Szy-
manski, Dhaliwal, & King, 1996). According to such
dual-process models, recollection (a remember re-
sponse) reflects a threshold-like process, whereas famil-
iarity (a know response) reflects an assessment of evi-
dence (like familiarity) that falls along a continuous
dimension. Moreover, the remember–know procedure is
not limited to studies of recognition memory, as Tulving
showed, but rather, has been used in diverse memory
tasks ranging from cued recall (e.g., Lindsay & Kelley,
1996) to autobiographical recollection (e.g., Rubin,
Schrauf, & Greenberg, 2003) and source monitoring
(e.g., Guttentag & Carroll, 1997; Hicks, Marsh, & Rit-
schel, 2002).

The present study used the remember–know procedure
to revisit the issue of whether the contribution of recol-

lection is different in item versus forced-choice recogni-
tion. Gardiner, Java, and Richardson-Klavehn (1996) first
used the remember–know procedure in two-alternative,
forced-choice recognition. In conjunction with a levels of
processing manipulation, they argued cross-experimentally
that the remember–know procedure generalizes to forced-
choice tests because they obtained more remember re-
sponses after deeper rather than shallower encoding.
Khoe, Kroll, Yonelinas, Dobbins, and Knight (2000) di-
rectly compared the level of recollection obtained in item
(yes–no) versus forced-choice recognition and found no
recollective differences in the two procedures. That null
outcome was obtained across a variety of encoding manip-
ulations and held true for amnesic patients as well. Kroll,
Yonelinas, Dobbins, and Frederick (2002, Experiment 3)
also obtained equivalent amounts of recollection in the
two kinds of tests. The issue is actually quite important be-
cause forced-choice tests are often assumed to rely less
on recollection than item tests do (e.g., Aggleton & Shaw,
1996; Nolde, Johnson, & D’Esposito, 1998; Parkin, Yeo-
mans, & Bindschaedler, 1994). In the forced-choice pro-
cedure, participants can ostensibly weigh the relative fa-
miliarity of both alternatives and choose the one that is
greatest (e.g., Glanzer & Adams, 1990; Glanzer & Bowles,
1976). Consequently, unlike item recognition, recollection
need not be consulted in a forced-choice design. Khoe
et al.’s and Kroll et al.’s findings are important and sur-
prising insofar as they contravene what may otherwise be
a tacit and often-held assumption about the differences
between forced-choice and item recognition.

Unfortunately, equivalence of recollection across the
two test formats has not been replicated. Whereas Khoe
et al. (2000) used either 100 or 200 medium-frequency
words as study material, Bastin and Van der Linden
(2003) used 18 pictures of novel faces. They found that
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recollection was greater in item recognition when com-
pared with the forced-choice testing procedure. The
stimulus materials were probably not directly responsi-
ble because Kroll et al. (2002) had participants study
either 280 or 720 pictures and found equivalent recol-
lection. Rather, what may differ between these studies is
the overall level of recollection contributing to the recog-
nition response. Discriminability (d′) was lower in Khoe
et al.’s experiments (under .80) compared with Bastin
and Van der Linden’s (above 1.5). Less reliance on rec-
ollection in two-alternative forced choice (because the
judgment is a relative one) may be found only when the
encoding conditions result in items that have a great 
deal of recollection. Therefore, Bastin and Van der Lin-
den’s finding of more recollection with item testing may
have occurred because of the large amount of recollec-
tion their participants were able to recruit for an 18-item
study sequence. The difference between studies may also
be attributable to the specific recollective details that
participants had. For example, the Khoe et al. study used
an orienting task at encoding, whereas the Bastin and
Van der Linden study did not. Therefore, in the former
case, recollection may have been about the orienting task,
whereas in the latter case, it may have constituted more
idiosyncratic reactions to the items (e.g., seeing shot may
have triggered a memory of receiving an immunization).
In an analysis of subjective reports of what constitutes rec-
ollection, Gardiner, Ramponi, and Richardson-Klavehn
(1998) found that personal, idiosyncratic reactions could
account for significant recollection. Moreover, Bodner
and Lindsay (2003) have shown that what constitutes rec-
ollection for an identical set of items can depend critically
on what other items are present on the study or test lists.

Our motivation for the present study was predicated
on a single speculation—namely, that idiosyncratic rec-
ollective details may be stronger or more enduring than
those engendered by orienting instructions. By using a
class of stimuli for which the basis of recollection con-
sisted more of idiosyncratic responses to the words them-
selves than of recollections related to an orienting task, we
predicted that we should be able to replicate the recollec-
tion advantage that Bastin and Van der Linden (2003)
found in item recognition over forced choice. Khoe et al.
(2000) used medium-frequency words, which may not
support strong levels of recollection on an item test. By

contrast, Gardiner and Java (1990) showed that low-
frequency words result in much more recollection than
high-frequency words. For the present purposes, it mat-
ters little what theory predicts why low-frequency words
lead to better recollection (e.g., attention likelihood the-
ory [Glanzer & Adams, 1990] vs. recollective details
[Joordens & Hockley, 2000]). It matters more that our
prediction is that a recollection advantage in item tests
over the forced-choice procedure may be obtained only
with very memorable items such as low-frequency words
and small numbers of studied pictures. Consequently, word
frequency was manipulated in our study with the predic-
tion that low-frequency words would support more recol-
lection on an item test, but high-frequency words would
be unaffected or perhaps show the opposite pattern. 

We also explored an ancillary issue with two-alterna-
tive recognition. Hicks and Marsh (1999) demonstrated
that three-alternative responses (remember, know, new)
yield a more liberal response bias in item recognition
tests than did two sequential judgments (old–new, fol-
lowed by remember–know; see also Eldridge, Sarfatti, &
Knowlton, 2002). Because a remember–know judgment
was being used after a two-alternative choice, we wanted
to rule out that taking the remember–know judgment
somehow changed the way a forced-choice response was
being made (cf. Kroll et al., 2002). For example, taking
the remember–know judgment may augment the basis for
a forced-choice response to include recollection that oth-
erwise would not have been considered. If this possibility
is true, performance should be better when remember–
know judgments follow the two-alternative judgment as
compared with when they do not because more informa-
tion is contributing to the judgment. Kroll et al. addressed
this issue, but did so with a cross-experimental compari-
son. Khoe et al. (2000) also did so, but only using a shal-
low orienting task. As a consequence, we believed it pru-
dent to address this issue again with our stimulus materials.

METHOD

Design
Six between-subjects conditions were tested. For the fundamental

question of interest, four conditions orthogonally crossed word fre-
quency (high vs. low) with the type of test (item vs. two alternative).
Thus, two conditions tested item recognition, but the study and
test items differed for the two groups: One group studied high-

Table 1
The Proportion of Items Labeled Remember Versus

Known by Condition

Cell Hits False Alarms Corrected
Condition N Remember Know Remember Know Recollection

Two Alternative
Low WF 31 .40 .35 .04 .18 .36
High WF 30 .37 .32 .06 .20 .30

Item
Low WF 30 .49 .27 .06 .17 .42
High WF 31 .28 .35 .09 .32 .19

Note—“Cell N ” denotes the number of participants. “Corrected Recollection”
equals hits called R minus false alarms called R. WF, word frequency. 



722 COOK, MARSH, AND HICKS

frequency words and was tested with high-frequency distractors
whereas the other group studied low-frequency words as stimuli. In a
similar fashion, two conditions had the exact same study conditions
but received a two-alternative test format. In all four of these condi-
tions, remember–know judgments were taken. To address the ancil-
lary question of whether taking remember–know judgments affects
two-alternative tests, we tested two conditions without remember–
know judgments and compared them with the forced-choice condi-
tion with remember–know judgments.

Participants
Undergraduate students from the University of Georgia volun-

teered to participate in this experiment in exchange for partial credit
toward a course research requirement. Each participant was tested
individually in sessions that lasted approximately 25 min each. We
attempted to test 30 participants in each of the six different between-
subjects conditions, but an extra participant was tested accidentally
in one of the forced-choice conditions and another in one of the item
conditions (see ns in Table 1). Therefore, a total of 182 participants
were tested and assigned pseudorandomly to the six conditions.

Materials and Procedure
A total of 120 low-frequency and 120 high-frequency words were

selected that were roughly equal in length. By the Kučera and Fran-
cis (1967) norms, the low-frequency stimuli averaged 10.74 and the
high-frequency stimuli averaged 91.09. For each participant, the
software randomly selected anew 60 words to be studied and re-
served the remaining 60 words as distractors on the recognition
task. Prior to studying each word in the center of the computer mon-
itor for 2 sec, participants were told that they would receive an un-
specified memory test. For item recognition, the test list was con-
structed by randomly intermingling anew the study and distractor
items. Thus, there were 120 test trials, with one condition receiving
all low-frequency words and the other receiving all high-frequency
words. Participants responded using one of three labeled keys: re-
member (R), know (K), and new. For forced choice, a distractor
item was paired with a studied item. On half the test trials, the stud-
ied item was presented on the left, and on the other half it was pre-
sented on the right. Participants responded by pressing one of two
labeled keys to indicate whether the studied item was on the right
or the left. When remember–know was tested, participants made a
second judgment using two labeled keys to indicate whether the
chosen alternative was remembered or known (cf. Khoe et al., 2000).1

Therefore, the alternatives were always of the same word frequency,
but word frequency was manipulated between subjects. The instruc-
tions for remember–know judgments were ones that we have suc-
cessfully used on previous occasions (e.g., Hicks & Marsh, 1999).

RESULTS AND DISCUSSION

We first assessed by d ′ whether taking the remem-
ber–know responses affected forced-choice recognition
with the current materials and procedures. Following
Macmillan and Creelman (1991), the hit rate for forced
choice was computed as the old items presented on the
left that were claimed to be old, whereas the false alarm
rate was computed as erroneous claims that the left item
was old when in fact the alternative on the right was the
old item (using the reverse mapping leads to the same re-
sults). To better equate d ′ between item and forced-
choice tests the z(Hit) � z(FA) d′ value was adjusted
down by the √2 in the latter conditions. Other corrections
and approaches to d′ exist (see, for example, Kroll et al.,
2002), but because our emphasis is not on corrected
recognition, but rather on recollection, this will suffice

for current purposes. Panel A in Figure 1 displays cor-
rected recognition for all six conditions, with standard
error bars. The first two bars represent low and high
word frequency for forced choice without remember–
know responses, and the middle two bars represent per-
formance when remember–know responses were col-
lected. In a 2 (high vs. low frequency) � 2 (remember–
know taken vs. not taken) analysis of variance, perfor-
mance was better for low word frequency than for high
[F(1,117) � 17.68]. There was no effect from whether 
remember–know responses followed or not, and there
was no interaction [both F(1,117) � 1]. Therefore, this
outcome suggests that taking remember–know responses
does not change memory performance in a forced-choice
test. Furthermore, this analysis replicated Kroll et al.’s
conclusions based on their cross-experimental compari-
son as well as Khoe et al.’s results. The hit and false alarm
rates for forced choice without remember–know judg-
ments were .75 and .16, respectively, at low word fre-
quency and .70 and .28 at high word frequency. The com-
parable data for the remaining conditions can be found in
Table 1, which contains the raw remember– know propor-
tions.2

We turn now to comparing d′ for item versus forced-
choice testing. The 2 (word frequency) by 2 (item vs.
forced choice) ANOVA yielded a significant two-way
interaction (consult the last four bars of Figure 1A)
[F(1,118) � 14.92]. Performance was much better for low-
frequency words under item recognition [t(59) � 3.99],
but it was nominally worse for high-frequency words under
item recognition [t(59)� 1.62, n.s.]. The absence of d′
differences at high word frequency replicates Khoe et al.
(2000). These data suggest that stimulus characteristics
without orienting instructions can strongly affect direct
comparisons of item and forced-choice recognition. The
critical data concerning recollection are summarized in
panel B of Figure 1. This panel summarizes recollection
as the proportion of hits labeled remembered (so the
complement to unity represents know responses). In the 
2 � 2 ANOVA, a significant interaction was obtained
[F(1,118) � 8.57]. Item recognition resulted in signifi-
cantly more recollection than the forced-choice format
when word frequency was low [t(59) � 2.18], but signif-
icantly less recollection when word frequency was high
[t(59) � 1.99]. In other words, recollection in item recog-
nition can be either greater or smaller than in the forced-
choice format depending on word frequency, but notice
that word frequency did not affect recollection in the
forced-choice format.

Some strict adherents to the dual-process approach
would argue that we should have analyzed a measure of
corrected recollection (hits labeled R minus false alarms
labeled R). These values are summarized as the last col-
umn of Table 1. The same interaction [F(1,118) � 8.89],
with the identical interpretation would have been obtained
with that dependent measure rather than the one sum-
marized in panel B. For the sake of completeness, when the
know responses are converted to estimates of familiarity
based on the independence assumption [K/(1 � R)], es-
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timates are higher for low-frequency words (.56) than for
high-frequency words (.49) [F(1,118) � 5.87], and this
is true in both kinds of tests. Therefore, estimates of rec-
ollection are not necessarily invariant across the two test
formats, but estimates of familiarity appear to be highly
similar to those found by Kroll et al. (2002) and Khoe et al.
(2000).

CONCLUSIONS

We have replicated the finding that using the remember–
know procedure does not change performance on forced-
choice tests. More important, we have shown that stim-
ulus characteristics such as word frequency can lead to
recollection differences in item tests that straddle the
amount of recollection in a forced-choice test. Low word
frequency led to estimates of greater recollection in item

than in forced-choice testing, whereas high word fre-
quency lead to less recollection. The current data contra-
vene the theoretical claim that recollection and familiar-
ity are invariant across the two test formats. Rather, the
current data suggest that recollection has a variable rela-
tionship across the two test formats. We have tested con-
ditions leading to both more and less recollection, and
others have found it to be invariant (e.g., Khoe et al.,
2000; Kroll et al., 2002). However, we did replicate the
invariance of familiarity’s contribution in the two differ-
ent test formats.

We concur with Bodner and Lindsay (2003) that re-
member responses in the remember–know procedure
will reflect both the stimulus characteristics and the
manner in which encoding takes place. In the present
study, we expected greater recollection for low-frequency
words than for high-frequency words with an item recog-

Figure 1. Panel A summarizes corrected recognition memory as d′
across the six conditions, and panel B summarizes the proportion of the
hit rate that was recollected. WF, word frequency; 2 AFC, two-alterna-
tive forced-choice task; RK, tests followed by remember–know judgment.
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nition test because Gardiner and Java (1990) had found
the identical result. In order to explain the interaction we
obtained for recollection, the discriminability of the al-
ternatives in the forced-choice must be considered. In
the low-frequency case, the studied alternative contains
many recollective details and quite a bit of familiarity
(e.g., Mandler, 1980). The new alternative has neither pre-
existing familiarity nor recollective details, and conse-
quently, participants in this condition may discover that
they do not need to depend as much on recollective details
to make this relative judgment. By contrast, when the al-
ternatives are of high frequency, the studied item does
not have as much recollective detail as a low-frequency
item would, and the new alternative already has high pre-
existing familiarity. Moreover, whatever familiarity the
high-frequency alternative had would have dissipated
more quickly than it would have for a low-frequency item
(Mandler, 1980). Therefore, the discrimination is much
more difficult with high-frequency alternatives than with
low-frequency alternatives. Thus, participants may dis-
cover that they need to rely more on recollective details
and search more thoroughly for them. Although this ex-
planation is not directly supported by the data, it remains
an open question whether Kroll et al. (2002) would have
found the same results with many fewer studied pictures,
or whether Khoe et al. (2000) would have found invari-
ance of the test format without an orienting task or if low
word frequency had been used. Regardless, the present
results argue that memory theorists can no longer claim
that item tests usually recruit more recollection than their
forced-choice test counterparts (e.g., Nolde et al., 1998).
By the same token, a claim of uniform equivalence can-
not be unambiguously asserted either. We do believe that
remember responses index recollection, but they index
recollection in a way that is sensitive to both the encoding
and test contexts (Bodner & Lindsay, 2003). Of course, our
results are wholly dependent on our use of the remember–
know procedure, and before the conclusion can be drawn
firmly that a variable relationship exists in recollection
across the two test formats, other procedures of assessing
recollection must be tested.

Unfortunately, the variable relationship of recollection
in the two types of tests may greatly limit our ability to
compare them. This situation is unfortunate because the
different test formats need to be taken into account (Kroll
et al., 2002) in comparisons across laboratories, across
human and animal studies, and with different neuro-
psychological patients. The variable relationship, however,
is predicted by the general idea with which we opened our
introduction. That is, memory depends not only on how
information is studied, but also on the circumstances sur-
rounding the test situation (see, e.g., Guttentag & Carroll,
1997; Hicks & Marsh, 1999). Similar to Tulving’s (1985)
findings that different types of recall tasks are supported
by different amounts of recollection, our findings suggest
that different types of recognition memory tasks can re-
cruit different amounts of recollection even when the
study episodes are otherwise identical.
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NOTES

1. The two-alternative tests used a sequential judgment procedure of
first identifying which alternative was old and then providing a remember–
know judgment, whereas the item tests used a simultaneous three-alternative

judgment. Because the two-alternative test is a criterion-free measure, this
difference should not matter. Moreover, Hicks and Marsh (1999) found
that the difference in simultaneous versus sequential remember–know
judgments was on criterion C, not on d�, and the latter is more important
in this study.

2. The false alarm rates to high-frequency words in this study were
sizable, thereby resulting in a strong mirror effect. However, we are con-
fident that participants understood the remember–know instructions be-
cause they read detailed descriptions and the experimenter reviewed the
instructions and queried the participants about them before allowing the
test phase to be administered.
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