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Four experiments examined the effect of category cueing on recall-to-reject, one of the central memory-
editing mechanisms thought to prevent the occurrence of false memories. When category names were
used as retrieval cues, the typically observed false recognition effect was eliminated for semantically
associated distractors (Experiment 1a) and, moreover, a reduction in the absolute level of the false alarm
rate was found for phonologically associated distractors (Experiment 2a). In addition to the old/new-
recognition data, analyses using multinomial models support the interpretation that category cueing was
successful in increasing the probability of recall-to-reject (Experiments 1b and 2b). The results are in line
with dual-process theories of recognition memory and provide further evidence for recall-to-reject in
single item recognition. They demonstrate its potential to reduce false recognition even when explicit
instructions are not given. In addition, the results demonstrate that the paradigm can give rise to side
effects that oppose recall-to-reject. A simultaneous familiarity increase can explain why many studies
failed to find evidence for recall-to-reject in terms of false alarm rates.

Keywords: Memory editing; Recall-to-reject; False recognition; Category cues; Dual-process theories of
recognition memory.

During the past decade there has been an increas-
ing interest in memory editing mechanisms that
can prevent the occurrence of false memories
(Lampinen & Odegard, 2006). Recall-to-reject is
one of the central memory editing mechanisms in
recognition memory. A false recognition effect*
that is, a systematically heightened false alarm rate
for distractor items that are associated with
studied items relative to that for distractor items
that are not associated with any studied item*can
usually be observed for semantic associations (e.g.,
Anisfeld & Knapp, 1968; Roediger & McDermott,
1995; Underwood, 1965), phonologic associations
(e.g., Anisfeld, 1969; Sommers & Lewis, 1999), or

orthographic associations of words (e.g., Hintzman
& Curran, 1994). Recall-to-reject occurs when
recall of a studied item is used to correctly reject
an associated distractor despite its enhanced famil-
iarity. For example, the word mouse might seem
familiar if the word rat was presented in the study
list, but if the studied item rat is recalled, partici-
pants should reject the wordmouse despite its high
familiarity. This memory editing mechanism has
been referred to in the literature as recall-to-reject
(e.g., Rotello, 2001; Rotello & Heit, 2000) or
disqualifying recall-to-reject (e.g., Gallo, 2004;
Gallo, Bell, Beier, & Schacter, 2006). Some authors
prefer the term recollection rejection (e.g., Brainerd,
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Reyna, Wright, & Mojardin, 2003; Lampinen,
Odegard, & Neuschatz, 2004) taking a more differ-
entiated conception of recall into account. According
to Brainerd and colleagues (e.g., Brainerd, Reyna,
& Howe, 2009; Brainerd, Wright, Reyna, & Payne,
2002), both a recollective and a reconstructive
component are involved in recall. The term recollec-
tion rejection refers to rejections based on the
recollection process that yields vivid phenomenology.
However, although the reconstructive process is
known to be error-prone (e.g., Brainerd et al., 2003;
Lampinen et al., 2004; Odegard & Lampinen, 2005),
it may also lead to correct rejections of associated
distractors. In the work presented here we do not
distinguish between these different processes of
recall. Thus in the following we use the term recall-
to-reject referring to the phenomenon of recall-like
processes leading to a rejection of associated dis-
tractors (also compare Odegard & Lampinen, 2006).

Evidence of recall-to-reject is usually inter-
preted in favour of dual-process theories of recog-
nition memory, which assume that recognition
decisions are based on familiarity as well as on
recall-like processes (for an overview, see Diana,
Reder, Arndt, & Park, 2006; Mandler, 2008;
Yonelinas, 2002).A reviewof the variety of existing
dual-process theories is beyond the scope of the
present paper. We only outline fuzzy trace theory
(Brainerd & Reyna, 2002a; Brainerd, Reyna, &
Kneer, 1995), because the simplified conjoint
recognition model we used in the present work is
based on this theory (Stahl & Klauer, 2008). Fuzzy
trace theory has become increasingly popular,
especially with respect to the investigation of false
memories and recall-to-reject, but is not uncon-
troversial (e.g., Higham & Vokey, 2004; Jones,
Brown, & Atchley, 2007). Central to the fuzzy
trace theory is the assumption of two independent
memory traces for studied items. The gist trace
represents memory for the meaning of an item,
whereas the verbatim trace represents memory for
surface properties of the item such as perceptual
details of its presentation. False recognition of
associated distractors is assumed to result from
gist-based similarity judgements. Furthermore, it is
assumed that the retrieval of the verbatim trace of
the corresponding learned item will result in the
correct rejection of an associated distractor.

Evidence for recall-to-reject differs with re-
spect to the methods employed. Analysing false
alarm rates, a reduction of the false alarm rate for
associated distractors is indicative for an increase
in recall-to-reject (Brainerd et al., 1995). However,
it has to be taken into account that a ‘‘null effect’’

or even increased false alarm rates for associated
distractors could be obtained despite a successful
increase in recall-to-reject as manipulations can
simultaneously increase familiarity (Arndt &
Jones, 2008). To overcome difficulties in interpret-
ing false alarm rates, various other methods have
been proposed to study recall-to-reject. First,
multinomial processing tree models have fre-
quently been used to measure the contribution of
different cognitive processes underlying the obser-
ved categorical data (Batchelder & Riefer, 1999;
Erdfelder et al., 2009; Riefer & Batchelder, 1988).
The conjoint recognition model (Brainerd, Reyna,
& Mojardin, 1999) and the simplified conjoint
recognition model (Stahl & Klauer, 2008) allow
memory and guessing processes to be disentangled
and the probability of recall-to-reject to be esti-
mated. Both models are based on assumptions
made in fuzzy trace theory. The simplified conjoint
recognition model that is used in the present study
will be described in detail later. Second, different
versions of extended receiver operating character-
istic (ROC) analysis can be applied for the analysis
of recall-to-reject in recognition tasks. These
approaches are based on the assumption that
recall-to-reject results in high confidence rejec-
tions (e.g., Lampinen et al., 2004; Lampinen,
Watkins, & Odegard, 2006; Rotello, 2001; Rotello,
Macmillan, & Van Tassel, 2000). Finally, different
types of self-reports have been used to estimate the
occurrence of recall-to-reject (e.g., Gallo, 2004;
Jones, 2005; Jones & Atchley, 2006; Lampinen
et al., 2004; Odegard & Lampinen, 2005; Odegard,
Lampinen, & Toglia, 2005).

Furthermore, studies on recall-to-reject differ
with respect to themanipulations used to influence
the probability of recall-to-reject. The rationale of
all manipulations is that the probability of recall-
to-reject is tied to the probability of recall of the
corresponding learned item of the associated
distractor under test. However, the outcome of
recall manipulations depends on the type of recall
component (recollective vs reconstructive) that is
affected (e.g., Brainerd et al., 2002, 2009). Thus, no
substantial increase of recall-to-reject is to be
expected if a manipulation mainly increases the
error-prone reconstructive component.

Many study phase manipulations have been
used to influence the probability of recall-to-
reject. These include manipulations of the length
of study lists (e.g., Odegard et al., 2005), the level
of attention (e.g., Jones & Jacoby, 2001; Lampinen
et al., 2006; Odegard, Koen, & Gama, 2008;
Odegard&Lampinen, 2005), the retention interval
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(e.g., Brainerd et al., 2003; Jones & Atchley, 2002,
2006; Odegard et al., 2005), or the number of item
repetitions (e.g., Brainerd, Reyna, & Estrada,
2006; Brainerd et al., 1999; Hall & Kozloff, 1970;
Jones, 2005; Jones & Jacoby, 2001; Lampinen et al.,
2004; Leding & Lampinen, 2009; Stahl & Klauer,
2008; Tussing & Greene, 1999). Overall, evidence
for recall-to-reject has been numerous in terms of
model parameters and self-reports but is less
frequent in terms of old/new recognition. For
example, presenting targets three times during
study compared to only once increased the recall-
to-reject parameter of an ROC-analysis and the
use of recall-to-reject measured by self-reports but
didnot reduce the false recognitioneffect (Lampinen
et al., 2004). Compared to study phase manipula-
tions, test phasemanipulations known to affect recall
are rare. The target priming technique*that is,
presenting targets just prior to their associated
distractors (Brainerd et al., 1995)*has been found
to increase the recall-to-reject parameter of conjoint
recognition (Brainerd et al., 1999; Brainerd, Stein, &
Reyna, 1998) and simplified conjoint recognition
(Stahl & Klauer, 2008). It even turned out to be
a simple and powerful method to reduce false
recognition errors (Brainerd et al., 1995; but not
Brainerd et al., 1998), although its effectiveness
seems to be partly due to response strategies
(Wallace, Malone, Swiergosz, & Amberg, 2000).

Another possibility to enhance recall during the
test phase might be the presentation of category
names as retrieval cues. When participants stu-
died category exemplars as items, Tulving and
Pearlstone (1966) could show that presenting the
corresponding category names as retrieval cues in
a recall test increased the number of items
recalled. Hence presenting category names seems
to improve recall of the corresponding learned
category exemplars (also see Epstein, Dupree, &
Gronikowski, 1979; Hudson & Austin, 1970).
Gallo (2004) had the idea to use this manipulation
in a recognition task. In a pilot study he presented
category names along with category exemplars
during study and/or test. However, although the
presentation of category names did improve
recall, no effect on recognition was observed. In
subsequent experiments he used category cueing
and found evidence for recall-to-reject. The effect
was strongest when participants were instructed to
use recall-to-reject and the length of the category
was short and known to the participants. These
results imply that category cueing was important
for the use of recall-to-reject. However, the effect
of the cueing manipulation cannot be estimated

because no effect of cueing on false recognition
data was observed in the pilot study and the
following experiments did not include a condition
without cueing. We believe that category cueing is
a clever manipulation that increases recall-to-
reject and thus might also be used to reduce false
recognition.

Therefore the present work aimed at investigat-
ing the effect of cueing on recall-to-reject, and for
that purpose extends Gallo’s work (2004) by
applying multinomial modelling and by changing
some of the design characteristics. The first change
was that, in our task, category names were never
presented during study, and during test category
names were presented prior to the items and in the
form of questions to which an old/new recognition
decision was required. For instance, participants
were asked if a word from the category fruit had
been presented during study. This was done to
guarantee that participants were attending to the
retrieval cues and to maximise their effectiveness
during test. The second change was that the
number of exemplars learned per category was
restricted to only one tomaximise the effectiveness
of recall-to-reject. There is evidence that recall-to-
reject requires mutual exclusivity of items or
exhaustive recall of all associated items learned,
which becomes less probable as the number of
associated items increases (Brainerd et al., 2003;
Gallo, 2004). Another difference concerns the
instructions given. The majority of studies with
evidence of recall-to-reject used explicit instruc-
tions about how the recall of studied items can be
used to avoid false memories for associated
distractors (e.g., Arndt & Jones, 2008; Gallo, Cotel,
Moore, & Schacter, 2007; Lampinen et al., 2004;
Odegard & Lampinen, 2005; Rotello, 2001). In
contrast, the picture is much less clear with respect
to studies without such explicit instructions: some
failed to provide evidence for recall-to-reject
(e.g., Rotello & Heit, 1999; Tussing & Greene,
1999), whereas some did report such evidence
(Gallo, 2004; Hall & Kozloff, 1970). Nevertheless,
when both explicit and no explicit instructions
were compared, explicit instructions increased the
likelihood of recall-to-reject (e.g., Gallo, 2004;
Lampinen et al., 2004; Rotello et al., 2000). Given
this, the need for more research on the role of
instructions has been emphasised (Lampinen et al.,
2006; Odegard & Lampinen, 2006). We thus
reasoned that knowing whether and under what
conditions participants spontaneously use recall-
to-reject would be interesting, in that it indicates
the relevance of this memory editing mechanism
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for everyday memory. Therefore we aimed at
investigating the effect of cueing on recall-to-reject
without giving any instructions about the nature of
study and test list construction (except for model-
ling experiments) and without explicitly instructing
participants to use recall-to-reject.

EXPERIMENT 1A

The purpose of the first experiment was to
investigate whether category names, when pre-
sented as retrieval cues, can be used to reduce the
false recognition effect in an old/new recognition
paradigm without explicit recall-to-reject instruc-
tions. A single item recognition taskwith a semantic
similarity manipulation at test was developed.
Participants first learned a list of category exem-
plars. During the test phase participants responded
to sequences of category and item questions.
Examples of category questions would be ‘‘Was
a beverage presented during study?’’ and ‘‘Was a
fruit presented during study?’’ in the control and
cued conditions, respectively. ‘‘Was the word apple
presented during study?’’ would be an example of
an item question. Thus category and item were
unrelated in the control condition but were asso-
ciated in the cued condition.

In a control condition a typical false recogni-
tion effect was expected. The false alarm rate was
anticipated to be significantly higher for semanti-
cally associated distractors than for standard
distractors. We assumed that presenting questions
with category names would facilitate recall-to-
reject. Thus the false recognition effect was
expected to be reduced in the cued condition
compared to the control condition. However, it
seems likely that the categorical overlap between
category and item question in the cued condition
(e.g., fruit!apple/pear) leads to a general increase
in familiarity that should apply to all item types
(i.e., cued targets, cued distractors, and cued
associated distractors). This assumption is consis-
tent with the finding that the false alarm rate for
critical lures in the DRM paradigm increases with
the number of related items that are tested before
the critical lure (Coane & McBride, 2006). The
finding that the same effect is present for
unstudied lists indicates that activation during
test contributes to item familiarity and thus
subsequent false recognition. It seems likely that
memory traces of different category exem-
plars are activated during the category question.
This could occur through a process similar to a

generate!recognise strategy (Anderson & Bower,
1972; Bahrick, 1970). Thus false recognition of the
subsequent item could be regarded as a kind of
source-monitoring failure because false recogni-
tion could be avoided if the increased familiarity
of category exemplars were to be correctly
attributed to the preceding category question.
The increased familiarity of cued items could also
be due to spreading activation (Collins & Loftus,
1975) or a better accessibility of the gist trace in
the context of the fuzzy trace theory (Brainerd
& Reyna, 2002a). Furthermore, it might be
possible that the category exemplar and the
corresponding category name are combined into
a compound cue (Ratcliff & McKoon, 1988).

Irrespective of the underlying process, such
a familiarity increase should raise the probability
of ‘‘old’’ responses for all item types. An increase
in recall-to-reject therefore does not necessarily
have to result in an absolute reduction of the false
alarm rate for associated distractors. Even an
increased false alarm rate or a ‘‘null effect’’ could
be indicative of recall-to-reject (Arndt & Jones,
2008). The crucial comparison is that of the false
recognition effect between cued and control
condition.

The hit rate is predicted to be higher for cued
targets than for control targets. However, hit rates
do not allow any conclusions to be drawn about
the underlying mechanisms, as familiarity and
recall should both increase the hit rate.

Method

Participants. Participants were 74 adults
(mostly students), 46 of whom were female. The
mean age of participants was 26 (between 17 and
50) years. All participants were native German
speakers. Participants were tested in groups of up
to four.

Materials. The item material consisted of 108
category names with two category exemplars each
(e.g., fruits: apple, pear). All category exemplars
were German nouns with one to five syllables.
Category exemplars were matched for frequency
according to a German vocabulary online encyclo-
paedia (Wortschatz Lexikon Deutsch, 2005), word
length in terms of the number of syllables, dom-
inance (see Mannhaupt, 1983; Scheithe & Bäuml,
1995), and orthographical similarity. The item set
did not contain any compoundwords or homonyms
(i.e., words with more than one meaning), and the
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categories did not overlap (i.e., exemplars did not
belong to more than one category).

Participants studied category exemplars and
were later tested for recognition memory. An
example of all item types is shown in Table 1.
Associated stimuli were mutually exclusive; that
is, only one exemplar per category was presented
during study. Associated distractors were test
items that were not presented in the study list
whereas the other exemplar of the same category
was presented in the study list (e.g., apple when
pear was studied). Test items are termed standard
distractors if neither the word itself nor the other
exemplar of the same category was presented in
the study list.

During test, category names were presented as
retrieval cues prior to the items. To guarantee that
participants were attending to the retrieval cues
and to maximise their effectiveness, cues were
presented in the form of category questions:
Participants had to decide whether an exemplar
of this category had been in the study list or
not. For instance, if pear was learned and apple
was presented as the associated distractor,
participants were asked in the preceding category
question whether a fruit was learned. Please note
that in contrast to the target priming technique

(Brainerd et al., 1995) associated distractors’
corresponding learned items (pear in the example
above) were not tested.

In order to have an appropriate control condi-
tion, all items of the control condition were also
preceded by a category question, but it pertained
to an irrelevant category (e.g., beverage? when
the following item is apple). For one half of the
items within the control condition, a category
exemplar of the irrelevant category question (e.g.,
beer) was presented during study.

Categories were randomly assigned to item
types for each participant. For targets as well as
standard distractors it was decided at random
which exemplar of a category was to be used as
target and distractor, respectively. For associated
distractors, it was also randomly decided which of
the two exemplars was presented in the study list
and which was presented as the associated
distractor in the test list.

Participants studied three lists, each consisting
of a total of 32 category exemplars. All study list
items were presented in random order except for
the first and last five items, which were primacy
and recency buffers that were not tested and
therefore not included in the analysis.

Each of the three test lists consisted of 24 items
that were all preceded by a category question
(relevant category question for cued items and
irrelevant category question for control items).
All items of the test list were presented in random
order. Each test list was composed of four cued/
control targets, cued/control distractors, and cued/
control associated distractors respectively.

Procedure. First, participants were familiarised
with the recognition task. They had to work
through at least one practice trial with a short
study and test list that comprised one test item of
each item condition (compare Table 1) preceded
by the corresponding category question. Parti-
cipants were free to reread instructions and
complete another practice trial or to start the
experiment. In the subsequent study phase words
were presented on a computer monitor for 1000
ms each, with a blank screen shown for 300 ms in
the interval between two word presentations.
Participants were instructed to memorise words
as well as possible. They were not informed about
details of study or test list construction and no
explicit recall-to-reject instructions were given.
A 30-second interval filled with simple arithmetic
problems separated study and test phase.

TABLE 1
Examples for the different item conditions in Experiments 1a

and 1b

Study list Test list

Item
condition

Item
referring
to item
question

Category
question

Item
question

Control
targets

apple beverage? apple?

Control
distractors

! beverage? apple?

Control
associated
distractors

pear beverage? apple?

Cued
targets

apple fruit? apple?

Cued
distractors

! fruit? apple?

Cued
associated
distractors

pear fruit? apple?

All control items were preceded by an unrelated category
question, whereas the category question preceding cued items
was about the category corresponding to the item tested. For
simplicity, the table does not show items of the study list
referring to the category question of control items.
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In the test phase category and item questions
were presented alternately. Within category ques-
tions a category name was presented and partici-
pants’ task was to indicate whether an exemplar of
this category had been presented in the study
phase. In the subsequent item recognition task
a category exemplar was presented and partici-
pants had to decide whether this exemplar had
been in the study list or not. Participants responded
by pressing the yes (right arrow) or no (left arrow)
key on a keyboard with their index fingers. The
recognition task was self-paced. After practice
trials each participant was required to complete
three blocks, each consisting of a study phase,
a retention interval, and a test phase. Blocks were
separated by a 1-minute break without a distractor
task. After each block participants received an
overall feedback regarding the percentage of
category andword recognition questions answered
correctly.

Design. Experiment 1a employed a two-factor-
ial design with item type (target, distractor, asso-
ciated distractor) and cueing condition (cued
vs control) as within-participant variables. This
resulted in six different item conditions, which are
termed cued/control targets, cued/control distrac-
tors, and cued/control associated distractors. The
dependent variable was the probability of old
responses to the different item types.

All power calculations were conducted using
G*Power 3 (Faul, Erdfelder, Lang, & Buchner,
2007). The false recognition effect was defined as
the difference in false alarm rates for associated
distractors and for standard distractors. As our
main hypotheses refer to binary comparisons of
recognition performance between specific item
conditions, an analysis of variance as well as
follow-up t-tests were computed. Given a sample
size of N"74 and a".05, it was possible to detect
a false recognition effect size dz"0.5 with a
probability of 1-b".99. To protect against a-error
accumulation, the error probability level of a".05
was corrected according to the Bonferroni-Holm
method (Holm, 1979) for all statistical tests per-
formed within the unconditional and conditional
analyses, respectively (see Results for details).

Results

Participants responded correctly to 71% of the
category questions (SE"1.05) and to 86% of the
item questions (SE"0.94). The proportions of
old responses to the different item types are
shown in Table 2.

Proportions of old responses were analysed
using a 3 (item type)#2 (cueing condition)
repeated measures analysis of variance. The

TABLE 2
Proportion of hits and false alarms for the different item conditions in Experiment 1a and 2a

Unconditional Conditional

Experiment Item condition M (SE)

Preceding
category
accepted
M (SE)

Preceding
category
rejected
M (SE) t (df) dz

1a Control targets .80 (.02) .81 (.02) .80 (.03) 0.07 (71) 0.01
Control distractors .05 (.01) .04 (.01) .06 (.01) 1.68 (71) 0.20
Control associated

distractors
.14 (.01) .15 (.02) .14 (.02) 0.36 (72) 0.04

Cued targets .84 (.02) .92 (.02) .63 (.04) 7.26 (64) * 0.91
Cued distractors .14 (.02) .27 (.04) .07 (.02) 5.91 (68) * 0.72
Cued associated

distractors
.14 (.02) .15 (.02) .12 (.03) 0.89 (65) 0.11

2a Control targets .81 (.01) .80 (.02) .83 (.02) 1.81 (63) 0.23
Control distractors .11 (.01) .12 (.02) .10 (.02) 0.89 (63) 0.11
Control associated

distractors
.15 (.02) .16 (.02) .16 (.02) 0.26 (63) 0.03

Cued associated
distractors

.13 (.02) .10 (.02) .19 (.03) 4.04 (63) * 0.51

Standard errors in parentheses. The table shows relative frequencies of old responses both in overall terms and depending on the
answer to the preceding category question. For the conditional analysis, t-values, degrees of freedom (df) and effect sizes (dz) are also
listed. * pB.001.
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main effect of the item type was significant,
F(2, 72)"560.02, pB.001, h2".94. Helmert con-
trasts revealed that the hit rate for targets (M"
.82) was higher than the false alarm rate for
associated distractors and standard distractors
(M".12), F(1, 73)"1110.73, pB.001, h2".94,
and that the false alarm rate for associated
distractors (M".14) was higher compared to
standard distractors (M".09), F(1, 73)"16.58,
pB.001, h2".19; that is, a typical false recogni-
tion effect was observed. The main effect of the
cueing condition was also significant, F(1, 73)"
12.86, p".001, h2".15, showing more old res-
ponses in the cued condition (M".37) compared
to the control condition (M".33). The main
effects were qualified by a significant interaction,
F(2, 72)"7.63, p".001, h2".18. Follow-up t-tests
indicate that, in the control condition, the false
alarm rate for associated distractors (M".14) was
significantly higher than that for standard distrac-
tors (M".05); that is, a typical false recognition
effect was observed, t(73)"6.15, pB.001, dz"
0.71. In the cued condition, however, the false
alarm rate for associated distractors (M".14) and
standard distractors (M".14) did not differ,
t(73)"0.41, p".683, dz"0.05; that is, category
cueing eliminated the false recognition effect.
A closer look at the absolute false alarm rates
reveals that the false alarm rate for cued standard
distractors (.14) was higher than for control
standard distractors (.05), t(73)"4.68, pB.001,
dz"0.54, and the false alarm rate for associated
distractors did not differ between cued and control
distractors (.14 respectively), t(73)"0.45, p"
.654, dz"0.05. The hit rate for cued targets was
higher (M".84) than for control targets (M"
.80), t(73)"2.43, p".009, dz"0.28.

Conditional analysis. To obtain further infor-
mation on why the false recognition effect was
eliminated for cued items, the proportions of old
responses were analysed depending on the re-
sponse to the preceding category question. The
category question preceding control items was
unrelated to the subsequent item. Acceptance or
rejection of the preceding category question was
thus not expected to have any effect on the
subsequent item recognition decision. In contrast,
the category question preceding cued items was
semantically related to the subsequent item. Item
recognition decisions for cued items were thus
likely to depend on the response to the preceding
category question. For cued associated distrac-
tors, the false alarm rate was expected to be lower

given that the preceding category question is
accepted. This was thought to result from recall-
to-reject because if the preceding category ques-
tion had been accepted based on recall of the
corresponding studied category exemplar, the
discrepancy to the following associated distractor
was likely to be detected and the associated
distractor should have been rejected. For cued
standard distractors, the conditional false alarm
rates were expected to not differ because accep-
tance of a category question cueing a distr-
actor was assumed to be based on guessing.
Recognition of target items should be very high
after the corresponding category question had
been accepted (due to either recall or familiarity).
Therefore the hit rate was expected to be higher
after acceptance of the corresponding category
question.

The results of the conditional analysis are
presented in the right-hand side of Table 2. As
expected, the response (yes or no) to the un-
related category question preceding control items
affected neither the hit rate for targets (.81 vs .80),
t(71)"0.07, p".946, dz"0.01, nor the false
alarm rates for both standard distractors (.04 vs
.06), t(71)"1.68, p".098, dz"0.20, and asso-
ciated distractors (.15 vs .14), t(72)"0.36, p"
.717, dz"0.04. However, contrary to predictions,
the false alarm rate for cued standard distractors
was significantly higher when the preceding
category question had been accepted (.27) than
when it had been rejected (.07), t(68)"5.91, pB
.001, dz"0.72. The false alarm rate for cued
associated distractors was not affected by the
response to the preceding category question (.15
vs .12), t(65)"0.89, p".379, dz"0.11. The hit
rate for targets was higher after acceptance of
the corresponding category question (.92 vs .63),
t(64)"7.26, pB.001, dz"0.91.

Discussion

Cueing items by the corresponding category
name not only reduced but even eliminated the
false recognition effect. This indicates that cate-
gory cueing was successful in increasing the
probability of recall-to-reject. Thus the present
experiment provides evidence for the assumption
that participants are capable of identifying the
test structure themselves and of using recall-to-
reject spontaneously.

However, the absolute false alarm rate for
cued associated distractors was not reduced
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compared to that for control associated distrac-
tors. The overall pattern of data suggests that this
was due to a general increase in familiarity caused
by the corresponding category questions.
A familiarity increase as a side effect of category
cueing should affect all cued item types, leading
to a generally increased probability of old re-
sponses. This was indeed true for targets and
standard distractors, but not for associated dis-
tractors, the latter reflecting the contribution of
recall-to-reject. Given that both processes*re-
call-to-reject and familiarity*work in opposition,
the absolute false alarm rate for associated
distractors is neither increased nor reduced. This
result is consistent with the suggestion that a ‘‘null
effect’’ or even increased false alarm rates could
be obtained despite a successful increase in recall-
to-reject as manipulations could increase both
recall and familiarity (Arndt & Jones, 2008).

The conditional analysis*that is, the analysis
of the responses to the item questions depending
on the responses to the preceding category
question*shows that, as expected, it did not
make a difference for all control item types
whether the preceding unrelated category ques-
tion had been accepted or rejected. In contrast,
the false alarm rate for cued standard distractors
was higher given that the preceding category
question had been accepted. This difference was
not expected and can only be based on strategic
guessing. This indicates that participants tended
to respond in such a manner that their response to
a particular item question was consistent with
their response to the preceding category question.
Although such a response strategy should affect
all cued item types, no difference was found for
cued associated distractors. In fact, an opposite
pattern as that found for standard distractors was
expected for associated distractors due to recall-
to-reject. Recall-to-reject is most likely if the
preceding category question has been accepted
based on recall of the corresponding category
exemplar. Therefore recall-to-reject should lower
the false alarm rate after accepted compared to
rejected category questions. But if participants
did indeed employ a strategy of responding
consistently, the opposite pattern would be ex-
pected. Hence both processes work in opposition
and seem to have cancelled each other out. The
increased hit rates of targets in the cued com-
pared to the control condition as well as after
acceptance of the corresponding category ques-

tion are in line with expectations but do not allow
any conclusions to be drawn about the contribu-
tion of the underlying processes discussed.

To summarise, the results of Experiment 1a
show that cueing items by the corresponding
category name can not only reduce, but even
eliminate, the false recognition effect. This in-
dicates that category cueing was successful in
increasing the probability of recall-to-reject.
However, the semantic similarity between cate-
gory names and the corresponding exemplars
simultaneously increased the familiarity of cued
exemplars in general. Due to this side effect the
baseline of false alarms was higher compared to
control items and therefore no absolute reduction
of the false alarm rate could be observed.
Furthermore, the obvious semantic relation be-
tween category question and the following cate-
gory exemplar likely encouraged a tendency to
respond consistently; that is, if participants ac-
cepted that an item from a specific category had
occurred during the learning phase, then they also
accepted the subsequently presented item from
this category as old. This second side effect
obscures the pattern expected in the conditional
analysis. Given that recall-to-reject as well as the
processes assumed to underlie the observed side
effects affect recognition data, additional meth-
ods such as multinomial models are needed to
decompose observed performance into the under-
lying processes (Erdfelder et al., 2009).

EXPERIMENT 1B

Themain purpose of Experiment 1b was to use the
simplified conjoint recognition model (Stahl &
Klauer, 2008) to decompose observed perfor-
mance into the processes assumed to take place
in the category cueing paradigm developed in
Experiment 1a. The simplified conjoint recogni-
tion model assumes that participants study items
and later complete a recognition test containing
the three item types: targets, standard distractors,
and associated distractors. Participants identify an
item as old or new as in typical old/new recognition
tasks, or as related. They are instructed to respond
‘‘related’’ if they believe an item to be unstudied
but related to a studied item. This is similar to a test
procedure introduced by Jones (2005) using
the memory conjunction paradigm, where partici-
pants were required after old/new judgements to
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indicate for items identified as new if rejection was
based on recall of the parent itemor low familiarity
(remember vs know response, also see Arndt
& Jones, 2008; Jones & Atchley, 2006).

With respect to behavioural data it is difficult
to make precise predictions about the effect of
category cueing on the different response cate-
gories. In terms of recall-to-reject the related
response category seems most interesting. An
increase of recall-to-reject in the cued condition
compared to the control condition should be
reflected in an increase in related responses for
associated distractors. Without any side effects,
the new responses for standard distractors should
not differ between conditions. However, an in-
creased familiarity that was observed in Experi-
ment 1a should lower the new responses in the
cued condition. But it is difficult to predict how
this difference divides into old and related
responses. Thus an increase in related responses
for associated distractors does not necessarily
have to be due to recall-to-reject but could be
partially based on an increase in familiarity. For
targets, an increase in old responses should be
observed in the cued condition, based on an
increase in familiarity and potentially recall.

The conditional analysis of behavioural data
should not show any differences of response
frequencies for all control items after acceptance
or rejection of the preceding category question.
Due to recall-to-reject, the proportion of related
responses for cued associated distractors is ex-
pected to be higher after acceptance of the
preceding category question. However, this dif-
ference could partly be caused by a strategy of
responding consistently. This side effect should be
reflected in fewer new responses for cued stan-
dard distractors after acceptance of the category
question. A higher proportion of old responses
for cued targets after acceptance of the category
question could be based on an increase in recall
or a strategy to respond consistently or both.

Obviously the contribution of different types
of processes to observed performance makes it
difficult to derive precise predictions with respect
to behavioural data. Therefore we used the
simplified conjoint recognition model (Stahl &
Klauer, 2008) to test our predictions about the
processes underlying memory performance. An
adaptation of the model for the present purposes
is presented in Figure 1.

The model in Figure 1 contains six parameters.
Each parameter represents the probability with
which certain cognitive processes occur. When
a target is presented at test, parameter Vt in the
upper model tree represents the probability of
retrieving a target’s verbatim trace, which results
in a correct identification as ‘‘old’’. Given no
retrieval of the verbatim trace (1-Vt), the para-
meter Gt represents the probability of retrieving
a target’s gist trace. In this case participants may
still guess, with probability a, that the item is
‘‘old’’, or, with probability 1-a, that the item is
‘‘related’’. If neither the verbatim nor the gist
trace can be retrieved participants may still guess,
with probability b, that the item is either old or
related (and again decide with probability a that
the item is ‘‘old’’), or, with probability 1-b, that
the item is ‘‘new’’.

The middle tree diagram in Figure 1 represents
the processes assumed to occur when associated
distractors are presented at test. The recall-to-
reject parameter corresponds to the parameter
Vr, which represents the probability that the
verbatim trace of the corresponding learned
item is retrieved. This results in an identification
of the associated distractor and, consequently, in
a correct classification as ‘‘related’’. If the corre-
sponding learned item’s trace is not retrieved,
which occurs with probability 1-Vr, then para-
meter Gr represents the probability of retrieving
the corresponding learned item’s gist trace. Iden-
tical to the upper tree diagram, participants then
may still guess, with probability a, that the item is
‘‘old’’, or, with probability 1-a, that the item is
‘‘related’’. Given that neither the verbatim nor
the gist trace can be retrieved, the sequence of the
processes a and b for associated distractors is the
same as for targets as well as for standard
distractors (compare the upper and the lower
tree diagrams in Figure 1). The lower tree
diagram illustrates that responses to standard
distractors are assumed to rely only on processes
that involve neither gist nor verbatim memory
traces. These guessing processes are represented
by parameters a and b.

To test the effect of category cueing, two sets of
the three model trees depicted in Figure 1 are
needed, one for the cued and another for the
control condition. The parameters of the model
can be interpreted in terms of probabilities with
which the cognitive processes that they represent
occur. If category cueing increases the probability
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of recall-to-reject, then parameter Vr should be
higher in the cued compared to the control condi-
tion. The side effect of a general familiarity
increase in the cued condition should be reflected
in a general increase in parameters a and b which
reflect guesses favouring the decision that an item
was old. The effect must be general because it is
caused by the category questions at test (and, as
such, cannot affect verbatim and gist memory
traces) and thus should apply to all cued item types
equally. In essence, then, an increase of the
parameters a and b in the cued compared to the
control condition is expected. The suspected side
effect of a tendency to respond consistentlywas not
pursued in Experiment 1b because the response
categories differed from those of Experiment 1a,
and a conditional analysis would be problematic
using multinomial modelling due to unequal and,
in some cases, small number of cases.

Method

Participants. Participants were 53 adults (mostly
students), 41 of whom were female. The mean age

of participants was 24 (between 18 and 43) years.
All participants were native German speakers and
none of them had participated in Experiment 1a.

Materials. The item material as well as study
and test list construction were identical to those
of Experiment 1a.

Procedure. The procedure was identical to that
of Experiment 1a with two exceptions. First,
instead of an old/new recognition decision, the
use of the simplified conjoint recognition model
(Stahl & Klauer, 2008) required participants to
identify the type of the test item and to respond
with old, related, or new. Participants responded
by pressing the old (right arrow), related (down
arrow), or new (left arrow) key on a keyboard.
Second, asking participants to classify the items
required informing them that test lists included
associated distractors that were from the same
category as a studied word.

Design. The design of Experiment 1b differed
from that of Experiment 1a only in that the
dependent variable was the response frequency

Figure 1. Illustration of the simplified conjoint recognition model of Stahl and Klauer (2008) as adapted for the present purposes.
Rectangles on the left side represent the to-be-judged stimuli; rectangles on the right side represent the categories of participants’
memory judgements. Letters along the links represent the probabilities with which certain cognitive processes occur: Vt"probability
of retrieving a target’s verbatim trace given a target; Gt"probability of retrieving a target’s gist trace given a target; Vt"probability
of retrieving a target’s verbatim trace given an associated distractor; Gr"probability of retrieving a target’s gist trace given an
associated distractor, b"probability of guessing that an item is either a target (‘‘old’’) or an associated distractor (‘‘related’’); a"
probability of guessing that an item is a target (‘‘old’’).
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for the recognition decisions. Given a sample size
of 53 and a".05, an effect of size dz"0.5 could
be detected with a probability of 1-b".97.

Results

Participants responded correctly to 67% of the
category questions (SE"1.30) and to 67% of the
item questions (SE"1.55). Table 3 displays
the proportions of participants’ responses (old,
related, or new) to the different item types (cued/
control targets, cued/control distractors, and cued/
control associated distractors).

Behavioural data. The proportion of related
responses for cued associated distractors (.63)
was higher than for control associated distractors
(.53), t(52)"3.03, p".002, dz"0.42. The propor-
tion of new responses for cued standard distractors
(.61) was lower than for control standard distrac-
tors (.70), t(52)"2.92, p".003, dz"0.40. For
targets, the proportion of old responses was higher
in the cued condition (.80) compared to the control
condition (.75), t(52)"2.59, p".007, dz"0.36.

Concerning the conditional analysis, the re-
sponse (yes or no) to the unrelated category
question preceding control items did not have
an effect on the proportion of related responses
for associated distractors (.53 vs .50), t(52)"0.74,
p".461, dz"0.10, on the proportion of new
responses for standard distractors (.69 vs .71),
t(50)"0.22, p".824, dz"0.03, or on the propor-
tion of old responses for targets (.76 vs .75),
t(50)"0.26, p".794, dz"0.04. The proportion of
related responses for cued associated distractors
was higher after acceptance of the corresponding
category question (.84) than after rejection (.21),
t(46)"12.85, pB.001, dz"1.89. For cued stan-
dard distractors, the proportion of new responses
was lower after acceptance (.17) than after
rejection (.90), t(46)"17.29, pB.001, dz"2.55.
The proportion of old responses for cued targets
was higher after acceptance (.88) than after
rejection (.60), t(47)"5.07, pB.001, dz"0.74.

Multinomial modelling. Table 4 displays the
parameter estimates and the results of the rele-
vant significance tests. Parameter estimation and
significance tests were performed using multiTree
(Moshagen, 2010). The hypothesis that category
cueing has an effect on the probability of a certain
cognitive process can be tested by setting the
parameters representing these processes to be
equal across cueing conditions. If this constraint

leads to a statistically significant decrease in
model fit, it can be concluded that the parameter
value differs across cueing conditions. Without
constraints, the baseline model was saturated and
fitted the data well, G2"0.34.

The predicted effect of category cueing on
recall-to-reject was observed (parameter Vr): As
can be seen in Table 4, cueing category exemplars
by their corresponding category names increased
the probability of recall-to-reject (.00 vs .30), DG2

(df"1)"6.25, p".012; DG2 is approximately x2
distributed under the null hypothesis. However,
cueing had no effect on parameter Vt, DG2

(df"1)"1.94, p".164. As hypothesised, para-
meter a (.13 vs .25) and parameter b (.30 vs .39)
were increased when category exemplars were
cued by their corresponding category names, DG2

(df"1)"11.45, p".001 and DG2 (df"1)"
12.11, p".001, respectively.

Discussion

The results of Experiment 1b strengthen the
interpretation of the results of Experiment 1a.
Category cueing increases the probability of
recall-to-reject. The results also clearly demon-
strate that side effects such as a general famil-
iarity increase can occur which may foil the
reduction of false alarms to associated distractors.

Although Experiments 1a and 1b provide clear
evidence that category cueing increases the prob-
ability of recall-to-reject, it would be worthwhile
to find a cueing manipulation where the effect of
recall-to-reject is not impaired by side effects.

EXPERIMENT 2A

The main goal of Experiment 2a was to avoid the
side effects of category cueing in order to achieve a
reduction in the absolute level of the false alarm
rate. This might be possible by simply using
phonological association instead of semantic asso-
ciation as the similarity manipulation. Associated
distractors in Experiment 2a were words that were
not presented during the study phase (e.g., house)
but rhymed with a word of the study list (e.g.,
mouse). The combination of semantic cues and
phonological association prevents a direct relation
between category question (e.g., animal?) and the
subsequent item (e.g., house). Therefore the cate-
gory question should not lead to an increase in
familiarity for the item following the question. As
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TABLE 3
Proportion of old, related, and new responses for different item conditions in Experiment 1b and 2b

Unconditional Conditional

Experiment Item condition M (SE) M (SE) M (SE)

Preceding
category
accepted
M (SE) M (SE) M (SE)

Preceding
category
rejected
M (SE) M (SE) M (SE) t (df) dz

‘‘old’’ ‘‘related’’ ‘‘new’’ ‘‘old’’ ‘‘related’’ ‘‘new’’ ‘‘old’’ ‘‘related’’ ‘‘new’’

1b Non-cued targets .75 (03) .12 (.02) .13 (.02) .76 (.03) .11 (.03) .13 (.02) .75 (.03) .11 (.02) .14 (.02) 0.26 (50) 0.04
Non-cued distractors .04 (.01) .26 (.03) .70 (.03) .03 (.01) .27 (.03) .69 (.04) .03 (.01) .26 (.04) .71 (.04) 0.22 (50) 0.03
Non-cued associated

distractors
.08 (.01) .53 (.03) .38 (.03) .08 (.02) .53 (.03) .39 (.03) .10 (.02) .50 (.04) .40 (.04) 0.74 (52) 0.10

Cued targets .80 (.02) .09 (.02) .11 (.02) .88 (.02) .11 (.02) .01 (.00) .60 (.05) .08 (.03) .32 (.05) 5.07 (47) * 0.74
Cued distractors .10 (.01) .30 (.03) .61 (.03) .16 (.03) .67 (.04) .17 (.04) .05 (.01) .06 (.02) .90 (.02) 17.29 (46) * 2.55
Cued associated

distractors
.11 (.02) .63 (.03) .26 (.03) .10 (.02) .84 (.03) .06 (.02) .12 (.03) .21 (.04) .67 (.05) 12.85 (46) * 1.89

2b Non-cued targets .77 (.02) .06 (.01) .17 (.02) .78 (.02) .05 (.01) .17 (.02) .77 (.02) .06 (.01) .17 (.02) 0.69 (56) 0.09
Non-cued distractors .11 (.01) .15 (.02) .74 (.03) .11 (.02) .16 (.02) .73 (.03) .12 (.02) .16 (.03) .72 (.03) 0.09 (56) 0.01
Non-cued associated

distractors
.13 (.01) .56 (.02) .31 (.02) .14 (.02) .58 (.03) .28 (.02) .13 (.02) .54 (.03) .33 (.03) 1.24 (55) 0.17

Cued associated
distractors

.07 (.01) .75 (.02) .18 (.02) .05 (.01) .83 (.02) .12 (.02) .09 (.01) .62 (.03) .29 (.03) 5.56 (56) * 0.74

Standard errors in parentheses. Values printed in bold indicate correct responses. The table shows relative frequencies of responses both in overall terms and depending on the answer to
the preceding category question. For the conditional analysis referring to the correct responses (old responses for targets, related responses for associated distractors and new responses for
standard distractors), t-values, degrees of freedom (df) and effect sizes (dz) are also listed. * pB .001
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an added benefit, changing the similarity manip-
ulation should also eliminate the tendency to
respond consistently to the category and item
questions. The relation between category question
and the subsequent item is now indirect and
phonological and only becomes obvious if the
learned category exemplar to which the category
question refers is correctly recalled. For example, if
the wordmouse is learned and house is used as the
associated distractor, the relation between the
category question animal? and the subsequent
item house only becomes apparent if the word
mouse is recalled. It is exactly this situation in
which we expect participants effectively to use
recall-to-reject. Therefore we expect the false
alarm rate for cued associated distractors to be
lower than that for control associated distractors.

With regard to an analysis of the responses
depending on the answer to the preceding category
question (conditional analysis for short), the pre-
dictions made for Experiment 1a again apply. For
control items acceptance or rejection of the pre-
ceding category question is not expected to have
any effect. Due to recall-to-reject, the false alarm
rate for cued associated distractors is expected to
be lower given that the preceding category ques-
tion is accepted. If the side effects of semantic
category cueing can successfully be avoided, then

the conditional results for cued associated distrac-
tors should conform to predictions.

Method

Participants. Participants were 64 adults (mostly
students), 46 of whom were female. The mean age
of participants was 24 (between 19 and 38) years.
All participants were native German speakers.
None had participated in Experiment 1a or 1b.

Materials. As in Experiments 1a and 1b, parti-
cipants studied category exemplars and were later
tested for recognition memory. Examples of all
item types are shown in Table 5. Again, the
category questions preceding all control items
were unrelated to the subsequent test items. The
category question for cued associated distractors
referred to the studied exemplar that rhymed
with the subsequent test item.1 Please note that,

TABLE 4
Model-based results of the simplified conjoint recognition model for Experiments 1b and 2b

Cueing condition

Experiment Parameter Control Cued DG2
(df"1) p

1b Vt .73 (.69, .77) .77 (.73, .81) 1.94 .164
Gt .30 (.19, .42) .25 (.10, .40) 0.33 .566
Vr .00 (.00, .26) .30 (.16, .43) 6.25 .012
Gr .45 (.30, .60) .39 (.25, .53) 0.62 .431
a .13 (.09, .18) .25 (.19, .30) 11.45 .001
b .30 (.26, .34) .39 (.36, .43) 12.11 .001

2b Vt .73 (.71, .76)
Gt .16 (.08, .23)
Vr .38 (.31, .44) .65 (.60, .69) 70.03 B .001
Gr .32 (.24, .40) .29 (.19, .39) 0.27 .603
a .42 (.36, .47)
b .26 (.24, .29)

The table shows parameter estimates (.95 confidence intervals of the parameter estimates in parentheses) and the goodness-of-fit
statistic G2 corresponding to the restriction that parameters do not differ between the control and cued condition. p values smaller
than .05 (printed in bold) indicate that the implemented restrictions are not compatible with the data, as a result of which the
hypothesis that parameters are identical between cueing conditions must be rejected. Vt"probability of retrieving a target’s
verbatim trace given a target; Gt"probability of retrieving a target’s gist trace given a target; Vr"probability of retrieving a target’s
verbatim trace given an associated distractor; Gr"probability of retrieving a target’s gist trace given an associated distractor, b"
probability of guessing that an item is either a target (‘‘old’’) or an associated distractor (‘‘related’’); a"probability of guessing that
an item is a target (‘‘old’’).

1 There was no cued condition for standard distractors or
targets. As standard distractors are not presented themselves,
nor are any associated items presented during study, no item
exists that could cue a standard distractor. In order to create
an indirect cued condition for targets one would have to
present rhyme pairs in the study list, which the authors
decided against because this should reduce the effectiveness of
recall-to-reject (Brainerd et al., 2003; Gallo, 2004). This issue is
addressed in the General Discussion.
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in contrast to Experiments 1a and 1b, a test item
was never an exemplar of the preceding category.

Items were taken from two item pools.2 Cued as
well as control associated distractors were taken
from the category pairs item pool, which consisted
of 40 category pairs; that is, two categories whose
exemplars rhymed (i.e., were phonologically simi-
lar) and were orthographically similar (e.g.,
building!house; animal!mouse). It was decided at
randomwhich exemplarwas presented in the study
list and which was presented as the associated
distractor in the test list. Selection of stimuli was
further constrained by the need to ensure that only
the two category exemplars of one category pair
rhyme and that all category exemplars belonged to
just one category. Furthermore the item set did not
contain any compound words or homonyms. All
category exemplars were German nouns with one
to three syllables. These constraints required that
the targets and standard distractors as well as the
unrelated category questions prior to control items
were taken from a second item pool. The second
item pool consisted of 140 single category names
with one category exemplar each. Categories were
randomly allocated to item types and category

questions for each participant. Participants studied
five lists, each of which consisted of a total of 30
items. All words in the study list were presented in
random order, except for the first and last three
items, which were primacy and recency buffers.

Each of the five test lists consisted of 20 items
preceded by their appropriate category question.
All items of the test list were presented in random
order. Each test list was composed of eight control
targets, four control distractors, four control
associated distractors, and four cued associated
distractors.

Procedure. The procedure was identical to that
of Experiment 1a with the exception that words in
the study phase were presented for 600 ms each,
with a blank screen shown for 400 ms between
two word presentations. As in Experiment 1a,
participants were not informed about details of
study and test list construction (i.e., that two
words which rhyme could not occur during study
and that, as in Experiments 1a and 1b, only one
exemplar of each category was presented during
study), and they were not given explicit recall-to-
reject instructions.

Design. Experiment 2a employed a one-factor-
ial design with item type (control target, control
distractor, control associated distractor, cued asso-
ciated distractor) as within-participant variable.
The dependent variable was the false alarm rate of
the different distractor types.

Given N"64 participants and a".05, it was
possible to detect a false recognition effect of size
dz"0.94 (population effect size derived from the
sample effect size observed in a pilot study) with
a probability of 1-b!.99. The comparison between
the false alarm rate for control and cued associated
distractors defined the effect of cueing on recall-to-
reject. This comparison is rather conservative
given that an increase of the false alarm rate was
found for cued associated distractors in the pre-
vious experiments despite recall-to-reject (due to
side effects).

Results

Participants responded correctly to 67% of the
category questions (SE"0.97) and to 85% of the
item questions (SE"0.96). The proportions of
old responses to the different item types are
shown in Table 2.

The false alarm rate for control associated
distractors (M".15) was significantly higher than

TABLE 5
Examples for the different item conditions in Experiments 2a

and 2b

Study list Test list

Item
condition

Item
referring to

item
question

Category
question

Item
question

Control
targets

house sports? house?

Control
distractors

! sports? house?

Control
associated
distractors

mouse sports? house?

Cued
associated
distractors

mouse animal? house?

For simplicity, the table does not show items of the study
list referring to the category question of control items.

2 Although the use of separate item pools may, in principle,
confound comparisons, the constraints for the construction of
the stimulus material were inevitable to ensure that an
adequate number of trials was available for analysis.
Furthermore, the use of two item pools seemed justified
because all items for the critical comparison (that between
cued and control associated distractors) were taken from the
same item pool.
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for control standard distractors (M".11), that is,
a typical false recognition effect was observed,
t(63)"3.10, p".001, dz"0.39. The false alarm
rate for cued associated distractors (M".13) was
significantly lower than that for control associated
distractors (M".15), t(63)"2.14, p".018, dz"
0.30. A comparison between cued associated
distractors (.13) and control standard distractors
(.11) revealed no differences in the false alarm
rates, t(63)"1.42, p".159, dz"0.18.

The conditional analysis revealed that the
responses to the preceding unrelated category
question had neither an effect on the false alarm
rates for standard distractors (.12 vs .10), t(63)"
0.89, p".375, dz"0.11, and associated distractors
(.16 vs .16), t(63)"0.26, p".795, dz"0.03, nor on
the hit rates for targets (.80 vs .83), t(63)"1.81,
p".075, dz"0.23. However, the false alarm rate
for cued associated distractors was significantly
lower if the category question had been accepted
(M".10) than if it had been rejected (M".19),
t(63)"4.04, pB.001, dz"0.51.

Discussion

As in Experiment 1a, cueing associated distrac-
tors with a category question about the corre-
sponding studied item eliminated the false
recognition effect. Moreover, in Experiment 2a
the false alarm rate for cued associated distractors
was reduced significantly and down to the level of
that for control standard distractors. This finding
indicates that the side effects observed in Experi-
ment 1a were successfully avoided. Furthermore,
the results support the interpretation of Experi-
ment 1a in that category cueing increases the
probability of recall-to-reject. The results of the
conditional analysis provide additional support
for these conclusions. The false alarm rate for
cued associated distractors was lower when the
preceding category question had been accepted
compared to when it had been rejected. This was
expected because recollecting a category exemplar
should lead to the acceptance of the corresponding
category question and make recall-to-reject, and
hence the rejection of the subsequent associated
distractor, very likely.

To summarise, the elimination of the false
recognition effect found in Experiment 1a was
found again in Experiment 2a, and the false alarm
rate was reduced even though no explicit recall-
to-reject instructions were given. What is more,
the reduction of the false alarm rate and the

results of the conditional analysis lead to the
conclusion that category cueing did not give rise
to side effects (increase of familiarity and ten-
dency to respond consistently) when phonological
associations were used.

EXPERIMENT 2B

The simplified conjoint recognition model (Stahl
& Klauer, 2008) was used in order to provide
additional evidence that category cueing in-
creases the probability of recall-to-reject as inter-
preted in Experiment 2a. With respect to
behavioural data, an increase of recall-to-reject
in the cued condition compared to the control
condition should be reflected in an increase in
related responses for associated distractors. The
conditional analysis should not show any differ-
ences of response frequencies for all control items
after acceptance or rejection of the preceding
category question. However, the proportion of
related responses for cued associated distractors
is expected to be higher after acceptance of the
preceding category question due to recall-to-
reject.

For multinomial modelling, one set of the three
model trees depicted in Figure 1 for the control
condition and one additional tree for cued
associated distractors were needed. The three
response categories of the tree for cued asso-
ciated distractors allow the computation of two
additional parameters (i.e., Vr and Gr) in addition
to the six parameters of the control condition. If
category cueing does increase the probability of
recall-to-reject, then parameter Vr should be
higher in the cued compared to the control
condition. However, the conclusion that category
cueing does not give rise to side effects that
oppose recall-to-reject when phonological asso-
ciation is used, cannot be tested in Experiment 2b
as the present design does not allow for the
computation of separate parameters a and b for
cued and control items.

Method

Participants. Participants were 57 adults (mostly
students), 40 of whom were female. The mean age
of participants was 24 (between 16 and 38) years.
All participants were native German speakers.
None of them had participated in Experiments
1a, 1b, or 2a.
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Materials. The items as well as study and test
list constructions were identical to those of
Experiment 2a.

Procedure. The procedure of Experiment 2b
was identical to that of Experiment 2a with two
exceptions. First, participants were asked to
identify the type of test item and to respond
with old, related, or new. Second, participants
were informed that test lists included associated
distractors that rhymed with a studied word.

Design. The design of Experiment 2b differed
from that of Experiment 2a only in that the
dependent variable was the response frequency
for the recognition decisions. Given a sample size
of 57 and a".05, an effect of size dz"0.5 could
be detected with a probability of 1-b".98.

Results

Participants responded correctly to 66% of the
category questions (SE"1.19) and to 72% of the
item questions (SE"1.30). The lower part of
Table 3 displays the frequencies of participants’
responses (old, related, or new) to the different
types of category exemplars (control target, con-
trol distractor, control associated distractor, cued
associated distractor).

Behavioural data. The proportion of related
responses for cued associated distractors (.75) was
higher than for control associated distractors
(.56), t(56)"10.00, pB.001, dz"1.34. Concern-
ing the conditional analysis, the response (yes or
no) to the unrelated category question preceding
control items did not have an effect on the
proportion of related responses for associated
distractors (.58 vs .54), t(55)"1.24, p".220, dz"
0.17, on the proportion of new responses for
standard distractors (.73 vs .72), t(56)"0.09, p"
.926, dz"0.01, or on the proportion of old
responses for targets (.78 vs .77), t(56)"0.69,
p".494, dz"0.09. The proportion of related
responses for cued associated distractors was
higher after acceptance of the corresponding
category question (.83) than after rejection (.62),
t(56)"5.56, pB.001, dz"0.74.

Multinomial modelling. The saturated baseline
model fitted the data very well, G2"0.00. The
lower part of Table 4 displays the parameter
estimates and the results of the relevant signifi-
cance tests. The probability of recall-to-reject
(parameter Vr) was higher for cued (.65) than

for control associated distractors (.38), DG2 (df"
1)"70.03, pB.001.

Discussion

The results of Experiment 2b strengthen the
interpretation of the results of Experiment 2a.
The recognition data of Experiment 2a and 2b as
well as the results obtained using the multinomial
model in Experiment 2b suggest that the prob-
ability of recall-to-reject can be increased sub-
stantially by category cueing. Moreover, as the
probability of parameter Vr was above zero by a
considerable margin in the control condition, the
results of Experiment 2b demonstrate that recall-
to-reject also plays an important role in single
item recognition without category cueing.

GENERAL DISCUSSION

The present series of experiments yielded a
consistent pattern of results. Category cueing
had the expected effects on false recognition
data as indirect indicators of recall-to-reject (all
experiments) as well as on model parameters
representing recall-to-reject directly (Experi-
ments 1b and 2b). In Experiment 1a category
cueing eliminated the false recognition effect
observed for semantically associated distractors.
Moreover, in Experiment 2a a reduction in the
absolute level of the false alarm rate was found
for phonologically associated distractors. These
results demonstrate that cueing category exem-
plars by their corresponding category names
increased the probability of recall-to-reject. This
interpretation is strengthened by the behavioural
and modelling results obtained using the simpli-
fied conjoint recognition model in Experiments
1b and 2b. Given that no explicit recall-to-reject
instructions were given, we can conclude that
individuals are capable of identifying the study
and test list structures themselves (in line with
e.g., Hall & Kozloff, 1970) and spontaneously use
recall-to-reject without being instructed to (in line
with e.g., Gallo, 2004; Leding & Lampinen, 2009).
Thus, recall-to-reject seems to be a memory-
editing mechanism relevant to everyday memory.
However, more research has to be done to
understand what conditions have to be met for
recall-to-reject to occur spontaneously.

Furthermore, the results of the present experi-
ments provide further evidence that recall-to-reject
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also plays an important role in single item recogni-
tion tasks in which associated distractors have not
been studied. When associated distractors are used
that have been studied, like in plurality discrimina-
tion tasks (where only singular/plural is changed) or
in other discrimination tasks, in which associated
distractors were studied but in a different context,
be it in a different list (e.g., Rotello&Heit, 2000), in
a different modality (e.g., Light, LaVoie, Valencia-
Laver, Albertson Owens, & Mead, 1992), or in
a different format (e.g., Gallo et al., 2007), the need
to rely on recall and consequently the probability of
recall-to-reject should be greater. The recall of
studied items should be particularly important in
associative recognition where associated distractors
are composed of a mixture of features from studied
items. For example, in a typical associative recogni-
tion task, associated distractors are recombinations
of words from studied word pairs (e.g., Rotello &
Heit, 2000). Similarly, associated distractors in the
memory conjunction paradigm are compound
wordswitholdbut recombinedparts (e.g., blackbird
when blackmail and jailbird were studied); this
paradigm has become increasingly popular espe-
cially for the study of recall-to-reject (Arndt &
Jones, 2008; Jones, 2006; Jones & Atchley, 2006;
Lampinen et al., 2004; Odegard et al., 2005).
According to the differences in recognition tasks,
evidence for recall-to-reject hasbeenmore frequent
in discrimination or associative recognition tasks
compared to single item recognition using unstu-
died associated distractors (also see Malmberg,
2008; Rotello & Heit, 2000).

Furthermore, the probability of recall-to-reject
should increase with the tendency of the asso-
ciated distractor to trigger recalling the corre-
sponding studied item (Odegard et al., 2005).
Given that associated distractors in an associative
recognition task are composed of a mixture of
features from studied items, they should be better
retrieval cues for their corresponding studied
targets than associated distractors in a standard
item recognition task. These differences between
tasks could explain why more evidence for recall-
to-reject has often been found in associative
compared to item recognition tasks (e.g., Rotello
& Heit, 2000). Category names seem to be good
retrieval cues for category exemplars, as is
evident from the fact that recall-to-reject was
very effective in the present experiments. With
regard to recognition data, the false recognition
effect in Experiment 1a was not only reduced but
eliminated, and in Experiment 2a an absolute
reduction of false recognition for associated

distractors was achieved. With regard to the
model-based results, category cueing increased
the probability of recall-to-reject by .30 in Experi-
ment 1b and by .27 in Experiment 2b.

However, the structure of the study list may
have played an important role in this effective-
ness. As associated distractors were similar to
only one item of the study list, recalling the
corresponding learned item could be taken as
strong evidence that the associated distractor was
not learned despite its high familiarity. If more
associated items are presented during study (up
to five in Gallo, 2004; two in Rotello & Heit,
1999), the associated distractor can only be
rejected with high confidence if participants
know how many similar items were presented
and if they exhaustively recall all of those
presented items. Thus the effectiveness of the
recall-to reject process should decrease with an
increasing number of similar items and/or a
variable number of items per category (Brainerd
et al., 2003; Gallo, 2004). Hence the usefulness of
category cues in reducing the false recognition
effect should decrease when the number of
similar items presented at study increases. This
manipulation might be used in the future to
investigate further how much of a role recall-to-
reject plays in recognition memory when it is not
facilitated.

The present results provide evidence for the
hypothesis that category cueing increases the
probability of recall-to-reject and can reduce false
recognition. However, the results also demon-
strated that side effects can occur which oppose
the reduction of false alarms. The higher level of
false alarms to cued standard distractors in
Experiment 1a and the lower proportion of new
responses to cued standard distractors as well as
the increase in parameters a and b in Experiment
1b was indicative of an increase in familiarity. The
simultaneous familiarity increase can explain why
evidence for recall-to-reject is rather rare in terms
of old/new recognition data. For example, a ‘‘null
effect’’ of repetition has been observed with
respect to raw false alarm rates of associated
distractors (Jones & Jacoby, 2001; Lampinen
et al., 2004; Tussing & Greene, 1999). Raw
recognition data will only be indicative of recall-
to-reject if the effect of recall-to-reject is stronger
than the effect of familiarity, or if data are
compared to a control condition that is solely
influenced by familiarity. However, although raw
recognition data cannot provide a pure measure
of recall-to-reject, they are important for several
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reasons. First, only recognition data can reveal if
manipulations that increase recall-to-reject could
be used to reduce or even eliminate false mem-
ories in the context of eyewitness testimony and
forensic interviews (Brainerd & Reyna, 2002b).
Second, whereas many methods such as self-
reports and the simplified conjoint recognition
model require to inform participants at least to
some extent about the experimental paradigm,
the old/new recognition tests used in the present
study reveal that individuals are capable of using
recall-to-reject spontaneously.

A second side effect of the cueing procedure
observed in Experiment 1a was that participants
tended to respond such that their response to a
particular item question was consistent with their
response to the preceding category question. As
was obvious from the conditional analysis in
Experiment 1a the probability of falsely accepting
a cued standard distractor was higher when the
preceding category question had been accepted
compared to when it had been rejected. In
Experiment 1b the probability of correctly reject-
ing standard distractors was lower when the
preceding category question had been accepted.
Given that no exemplar of the category had been
presented during study, the incorrect yes response
to the category question as well as the incorrect
responses to the item question must be due to
guessing. The tendency to be consistent when
guessing becomes obvious in the conditional
analysis, but influences the unconditional data
too. However, it is difficult to make precise
predictions about the exact effect on the uncondi-
tional data. It seems possible that the tendency to
respond consistently works in opposition to re-
call-to-reject. For example, the tendency to re-
spond consistently should increase the false
alarms for associated distractors in Experiment
1a because the probability of accepting the
preceding category question will be higher than
rejecting it (because an exemplar of the category
has been learned) and the initial probability of
rejecting an associated distractor should be higher
than accepting it. In contrast to the familiarity
increase, the tendency to respond consistently is a
side effect that should be restricted to the specific
design used in the present work. Furthermore, the
results of Experiments 2a and 2b indicate that
side effects could be successfully avoided by using
phonological association as the similarity manip-
ulation. It would be interesting to investigate the
effects of category cueing for other forms of
perceptual similarity and for different stimulus

materials such as pictures. Memory representa-
tions for pictures are usually more distinctive than
for words (e.g., Israel & Schacter, 1997). Thus,
using category names as retrieval cues might be
more effective and possible side effects might not
occur even when semantic association is used.

In summary, category cueing increases the
probability of recall-to-reject and has the poten-
tial to reduce false recognition errors. The results
demonstrate that recognition is influenced by
both familiarity and recall-like processes, consis-
tent with the assumptions of dual-process the-
ories. In addition, category cueing can have side
effects that oppose recall-to-reject. Furthermore,
the present work provides further evidence that
participants spontaneously use recall-to-reject
without explicitly being instructed to do so, and
that recall-to-reject does also play an important
role in single item recognition.

Manuscript received 11 November 2009
Manuscript accepted 2 June 2010
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