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BRIEF ARTICLE

Generative processing and emotional false memories: a generation
“cost” for negative false memory formation but only after delay
Lauren Knott, Samantha Wilkinson, Maria Hellenthal, Datin Shah and Mark L. Howe

Department of Psychology, City, University of London, London, UK

ABSTRACT
Previous research shows that manipulations (e.g. levels-of-processing) that facilitate
true memory often increase susceptibility to false memory. An exception is the
generation effect. Using the Deese/Roediger–McDermott (DRM) paradigm, Soraci
et al. found that generating rather than reading list items led to an increase in true
but not false memories. They argued that generation led to enhanced item-
distinctiveness that drove down false memory production. In the current study, we
investigated the effects of generative processing on valenced stimuli and after a
delayed retention interval to examine factors that may lead to a generation effect
that increases false memories. At the immediate test, false recognition rates for
both negative and neutral valanced critical lures were similar across read and
generate conditions. However, after a one-week delay, we saw a valence
differentiation, with a generation effect for false recognition but only for negative
stimuli. The roles of item-specific and relational processing during encoding and
their interaction with long-term retention are discussed.
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Encoding situations that facilitate retention often
produce greater levels of illusory memories (Toglia
et al., 1999). This phenomenon, often referred to as
a more is less effect, has been studied using a well-
known list learning paradigm (Deese-Roediger-
McDermott [DRM]; Deese, 1959; Roediger & McDer-
mott, 1995). Here, participants are presented with a
list of words (e.g. table, sit, chair), which are all seman-
tically associated with a non-presented critical item
(chair). At recall or recognition, participants often
report seeing or hearing this critical item as part of
the original study list. Roediger and McDermott
reported that participants recalled approximately
50% of the critical items, with false memories at a
similar level to true memory in a recognition test.

Two widely cited theoretical explanations include
associative-activation theories (AAT; e.g. Howe,
2005) and the dual-process fuzzy-trace theory (FTT;

Brainerd & Reyna, 2001). AAT argues that false recall
and recognition in the DRM paradigm occur due to
the spread of semantic activation from associative
words presented at the study. Activated items might
later be incorrectly retrieved as items that were seen
or heard. FTT argues for two parallel processes. Gist
traces represent the core meaning of the memory
but not its specific details whereas verbatim traces
capture the specific attributes of the memory (e.g.
visual features). Retrieving verbatim traces results in
accurate recollection of list items. Retrieving gist
traces can lead to correct recognition or false recog-
nition. List items cue the semantic relation to the criti-
cal lure. The more cuing, the stronger the gist
representation to the corresponding critical lure.

DRM encoding conditions are often manipulated
to better understand the role of gist processing or
semantic activation on veridical and false memory
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rates. Toglia et al. (1999) referred to factors that
increased both veridical and false memory as the
more is less effect. So called because conditions that
facilitate recall and recognition induce higher levels
of false memory which leads to less accurate
memory performance. For example, Toglia et al.
varied levels-of-processing at encoding by using
semantic and non-semantic judgements of list items.
Semantic processing increased both accurate recall
of list items and false recall of critical lures. Thapar
and McDermott (2001) extended these findings to
recognition memory. However, not all manipulations
that enhance accurate memory, increase false intru-
sions. For example, the generation effect (e.g. Sla-
mecka & Graf, 1978; Soraci et al., 1994) shows a
robust memory enhancement effect but does not
also increase false recollection (Soraci et al., 2003).
Using the DRM paradigm, Soraci et al. found that gen-
erating list items from word-stems increased correct
recognition with no comparable increase in critical
lures. They argued that generative processing
increased item distinctiveness. Unlike other levels-of-
processing manipulations, Soraci et al. argued that
the generation condition enhances item-specific pro-
cessing relative to relational or meaning-based infor-
mation for list items (e.g. Gardiner & Hampton,
1988). Such focus on the surface form disrupts the
use of meaning-based information (e.g. Hirshman &
Bjork, 1988). In relation to false memory formation,
increasing item-distinctiveness likely increases
reliance on verbatim processing and disrupting the
list item’s relational information hinders gist trace for-
mation and spreading activation.

It appears that classic levels-of-processing manipu-
lations that produce the more is less effect enhance
semantic and relational meaning during acquisition.
This strengthens associative activation or gist proces-
sing that leads to an increase in both true and false
memory. Generative processes enhance verbatim pro-
cessing in study impeding the use of gist represen-
tations needed for false memories (Soraci et al.,
2003). However, can we manipulate generation
under conditions that “dilute” its’ verbatim booster,
thus transforming it into a more is less manipulation
that leads to an increase in false recognition?

There are two conditions that come tomind. First is
to measure generation effects after a delay of several
days. We know that item-specific details decay more
quickly than meaning-based or relational information
(Colbert & McBride, 2007). If generative processing
enhances item-specific processing and the acquisition

of such information is used at the test to facilitate item
differentiation, then a longer retention interval that
leads to the decline of such information may reduce
its role in driving down false memories associated
with the generated list items. After a longer delay, rec-
ognition will have to rely more on relational infor-
mation which, as we know, is what false memories
rely on. However, if generative processing suppresses
the reliance of relational details, will there now be
sufficient information to falsely identify the critical
lure? This is where our next factor may be key.

Second, we manipulate valence. Previous research
that demonstrated the suppressing effect of genera-
tive processing on false memories only used neutral
valenced stimuli. However, recent research has
shown an emotionally enhanced false memory
effect. That is, encoding of high arousing negative
valenced associative lists produces greater false rec-
ognition rates compared to equivalent neutral lists
(see Bookbinder & Brainerd, 2016; Howe et al., 2010).
Memory-based accounts attribute this to a greater
reliance on relational information or gist represen-
tations for valenced stimuli and more overlapping
theme nodes (Otgaar et al., 2016) leading to the
easier spread of activation and greater difficulty dis-
tinguishing externally presented and internally gener-
ated items. Either manipulation on its ownmay not be
sufficient to prevent the generation effect from redu-
cing false recognition, however, given the findings by
Howe et al. (2010), together, there may be sufficient
decay of item-specific processing and enhanced
meaning extraction for negative valenced stimuli to
cause a more is less generation encoding manipu-
lation. We suggest this because Howe et al. found
that over a one-week retention interval, although
true recognition declined, false recognition for
neutral valence items stayed consistent and false rec-
ognition for negative valence items increased. They
similarly argued that item-specific details fade more
quickly, but that gist-rich material (negative items)
may also give rise to more stable gist over time.

Therefore, the aim of the experiment was to
examine the effects of generative processing on
false recognition rates for neutral and negative
valenced critical lures with immediate versus (one-
week) delayed testing. Based on the previous gener-
ation effect research, we predicted that a word-frag-
ment generation task (Chechile & Soraci, 1999)
would facilitate correct recognition compared to a
read condition but there would be no loss of accuracy.
That is, false recognition rates in the generation
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condition would be similar to those produced in the
read condition (Soraci et al., 2003). However, after
one week, and decay of the enhanced item-specific
processing, we expected to see recognition that will
rely more on meaning-based information. As we
know from previous research (e.g. Howe et al.,
2010), this appears to be better consolidated over
time and likely richer for negative valence stimuli
(Bookbinder & Brainerd, 2016). We predict this will
lead to a generation effect for false recognition of
negative but not neutral critical lures following a
delayed retention interval.

Method

Participants

Eighty-seven undergraduate and postgraduate stu-
dents from City, University of London participated in
the current experiment (Mage= 23.24, SDage = 8.58,
26% male) for either course credits or a small remu-
neration fee. All participants gave written informed
consent and were debriefed at the end of the exper-
iment. Ethics approval was obtained from the Psychol-
ogy Department’s Ethics Committee. The sample size
was determined a prior using G*Power, with effect
size f = .23, alpha = .05, power = .95. Effect size was
chosen based on a prior study with a repeated
measures interaction examining effects of encoding
presentation on false recognition of negative
valence critical lures, ηp2 = 0.05 (Hellenthal et al.,
2019).

Design

The experiment followed at 2(Valence: neutral vs.
negative) × 2(Format: read vs. generate) × 2(Time of
Test: immediate vs. one-week delay) mixed design
with repeated measures on all but the last factor. Par-
ticipants were randomly assigned to either the
immediate or delayed testing group. The dependent
variables for the recognition data were the old
response rates to list items and critical lure items,
and related and unrelated distractors (although dis-
tractors could not be compared across generation
and read condition).

Materials

A set of twelve DRM lists were used in this experiment.
Six were neutral and were taken from Stadler et al.

(1999). They consisted of the top ten associate items
(measured using Backward Associate Strength [BAS])
to the following critical lures: chair, city, mountain,
pen, shirt, and window. Six were emotional-negative
lists and were taken from Brainerd et al. (2010) and
Howe et al. (2010). BAS values were taken from
South Florida free association norms database
(Nelson et al., 1998). They consisted of the top ten
negatively-valenced associate items (measured using
BAS) to the following critical lures: alone, anger,
dead, gun, sick, and thief. Neutral and negative lists
were matched for arousal but differed in valence.
This was achieved using mean valence and arousal
ratings for list items and critical lures from the
Affective Norms for English Words (ANEW; Bradley &
Lang, 1999) database. Paired samples t-tests showed
that the emotional-negative list items (M = 3.61, SD
= .66) and critical lures (M = 2.37, SD = .58) had signifi-
cantly lower ratings of valence than neutral list items
(M = 5.26, SD = .55) and critical lures (M = 5.90, SD
= .62, p = .002 and p < .001 respectively) but no signifi-
cant differences in arousal ratings (list items [Mnegative

= 5.32, SD = 1.20 and Mneutral = 4.30, SD = 1.33] and
critical lures [Mnegative = 6.07, SD = 1.33 and Mneutral =
4.46, SD = 1.10] p = .21 and p = .08, respectively).
Negative and neutral lists were also matched for
BAS (M = .27, SD = .10 and .20, SD = .06, respectively,
p = .19).

Valence was blocked so that half of the participants
studied six neutral lists followed by six negative lists
and vice versa. In each valence condition, half of the
word lists were presented intact (read condition)
and the remaining half were presented with a letter
(excluding the first or the last) missing (generate con-
dition). The format was also blocked and counterba-
lanced within each valence condition. Each neutral
and negative list served an equal number of times
in the read or generate condition. The order of lists
within each valence condition and within each
format condition was randomised for each
participant.

A recognition test was constructed using 72 items:
6 neutral critical lures, 6 negative critical lures, 24
presented items (two were taken from each list;
one high associate [i.e. from positions 1 to 5] and
one low associate [i.e. from positions 6 to 10]), and
36 distractor items (12 critical distractor items [one
unseen item from each DRM list; this was typically
the 14th or 15th item from the original DRM list]
and 12 neutral and 12 emotional-negative non-criti-
cal distractor items [unrelated but matched for
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valence ratings to corresponding negative and
neutral critical lure items using the ANEW database,
MNegative CL = 2.37 vs. Mdistractor = 2.57; MNeutral

CL =5.90 vs. Mdistractor = 5.58]). All 72 items were ran-
domly presented.

Procedure

All participants were tested individually. Participants
were informed that 120 words or word fragments
(in lists of 10) would be presented on the screen. It
was made clear that some words would have a
missing letter and they needed to complete the frag-
ment. They were presented with two practice
examples before beginning the study phase. The
phrase “next list” was shown prior to the start of
each new word list. Participants were asked to either
type the word (i.e. for intact words) or the correct sol-
ution (i.e. for word-fragments), and they were told
that they had 15 s per word to do so. If the partici-
pants failed to correctly type the word or the solution
within the 15 s time limit, then the intact version of
the word was displayed on the screen for 2 s before
the programme moved on to the next word. The
failure rate for the correct solution was low (approx.
2%).

On completion of the encoding phase, participants
were given a 5-min filler sudoku task. Following this,
participants who were assigned to the delayed
testing condition were thanked for their time and
would return one week later to complete the recog-
nition test. Participants assigned to the immediate
testing condition completed the memory task
immediately. Instructions informed participants that
a series of words would appear on the screen indivi-
dually (and in random order) and by pressing labelled
keys on their keyboard they had to indicate whether
each word had appeared in the encoding task (i.e.
old words) or not (i.e. new words). We also decided
to include a recollective experience judgement fol-
lowing each old decision. A response of remember,
know, or guess was made by pressing the keys r, k,
and g keys. Instructions for remember, know, and
guess responses were taken from Dewhurst and
Anderson (1999). Essentially, participants were
instructed to make a remember response if they con-
sciously recollected some aspect of a word’s study
presentation, a know response if a word was familiar
but no contextual information was recalled, or a
guess response if they were unsure whether a word
had appeared or not.

Results

For direct comparison to Soraci et al. (2003), we ana-
lysed hit rates for studied list items and false alarm
rates for critical lures. Hits to list items and false
alarms to critical lures were analysed separately
using a 2(Format: generate vs. read) × 2(Valence:
negative vs. neutral) × 2(Retention Interval: immedi-
ate vs. one-week) mixed factor analysis of variance
(ANOVA) with repeated measures on the first two
factors. To correct for participant’s response bias,
signal detection parameters d′ and C were computed
using list item or critical lure recognition as hits and
weak-related distractors as false alarms (see Arndt &
Hirshman, 1998). To avoid an infinite z value in com-
puting the d′s, all hit and false-alarm rates were cor-
rected by adding 0.5 to the frequency of hits or
false alarms and dividing this adjusted frequency by
N + 1 where N was the number of old or new trials
(Snodgrass & Corwin, 1988). The analysis of d′ allows
us to examine the ability to discriminate hits from
false alarms. For critical lures, high discrimination
scores demonstrate susceptibly to false memory for-
mation with more old responses to critical lures and
new responses to distractor items. Criterion value C
represents the decision criterion. The higher the
value the more conservative the bias (criterion
favours no responses). The lower the value, the
more liberal the bias towards a “yes” response. Recol-
lective experience measures were also analysed;
however, findings are largely in line (particularly
remember responses) with old recognition responses.
For completeness, they are reported in the footnote.1

Recognition data

For hits to list items, there were main effects of
valence, F(1, 85) = 24.32, p < .001, ηp

2 = .22, format, F
(1, 85) = 85.62, p < .001, ηp

2 = .50, and retention inter-
val, F(1, 85) = 5.28 p = .02, ηp

2 = .06. The three-way
interaction was not significant (p = .09); however,
there was a significant Format × Retention Interval
interaction, F(1, 85) = 4.84, p = .03, ηp

2 = .05. Although
the generation effect for list items exists at both
retention intervals (both ps < .001), pairwise compari-
sons did show that hits for generate items declined
(Mimmediate = .91, SE = .02 vs. Mdelay = .78, SE = .03, p
< .001), but this was not the case for the read
condition, (Mimmediate = .68, SE = .03 vs. Mdelay = .64,
SE = .04, p = .41). Generate hits were still higher in
the delay condition but dropped over time from a
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very high ceiling. The generate effect was still evident
at both time points (see Figure 1).

For critical lure false-alarm rates, there was a main
effect of format, F(1, 85) = 10.30, p = .002, ηp

2 = .11, a
main effect of valence, F(1, 85) = 14.06, p < .001, ηp

2

= .14, and the main effect of retention interval, F(1,
85) = 21.85, p < .001, ηp

2 = .20. These findings were
qualified by a significant Valence × Format × Retention
Interval interaction, F(1, 85) = 3.97, p = .049, ηp

2 = .05.
Two separate Valence × Format analyses were

conducted for immediate and one-week retention. Bon-
ferroni pairwise comparisons suggested no generation
effect for negative (p = .17) or neutral (p = .13) critical
lure false alarms at the immediate test. However, after
the 1-week retention interval, whilst there was no gen-
eration effect for neutral critical lures (p = .88), there
were more false alarms to negative critical lures in the
generate vs. read condition (p < .001) (see Figure 1).

The false-alarm rates for weak related and unre-
lated distractors cannot be analysed by format, so

Figure 1. Mean proportions of old responses for the false recognition of critical lures and correct recognition of list items as a function of
Valence and Format. Panel A presents data from the Immediate retention period and panel B presents data from the 1-week delay retention
period. Error bars represent standard error.
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instead separate 2(Valence: negative vs. neutral) × 2
(Retention Interval: immediate vs. one-week)
ANOVAs were conducted. For related distractors,
there were significant main effects of valence, F(1,
85) = 38.87, p < .001, ηp

2 = .31, and retention interval,
F(1, 85) = 66.45, p < .001, ηp

2 = .44, but no interaction,
F(1, 85) = .60, p = .44, ηp

2 = .01. For unrelated distrac-
tors, there were significant main effects of valence, F
(1, 85) = 83.92, p < .001, ηp

2 = .50, and retention inter-
val, F(1, 85) = 59.10, p < .001, ηp

2 = .41, and also inter-
action, F(1, 85) = 10.71, p = .002, ηp

2 = .11, but analysis
of simple main effects showed a similar pattern of
results to the main effect of valence and retention
interval, with higher false alarms to negative items,
and more false alarms after a one-week retention
interval (all ps < .001; see Table 1).

Signal detection measures

Analysing discrimination values first, for list items,
there were main effects of valence, F(1, 85) = 21.21,

p < .001, ηp
2 = .20, format, F(1, 85) = 96.45, p < .001,

ηp
2 = .53, and retention interval, F(1, 85) = 84.89, p

< .001, ηp
2 = .50. Similar to recognition data, there

was only one significant interaction between Format
and Retention Interval, F(1, 85) = 6.46, p = .01, ηp

2

= .07, but pairwise comparisons showed that discrimi-
nation decreased for read vs. generate at both test
intervals, and discrimination declined for both
format types, in line with the main effects patterns
(all ps < .001). For critical lures, there were main
effects of valence, F(1, 85) = 14.54, p < .001, ηp

2 = .15,
format, F(1, 85) = 10.74, p = .002, ηp

2 = .11, and reten-
tion interval, F(1, 85) = 4.89, p = .03, ηp

2 = .05. There
was a significant 2-way Valence × Retention Interval,
F(1, 85) = 5.05, p = .03, ηp

2 = .06, with a 3-way inter-
action, F(1, 85) = 3.69, p = .06, ηp

2 = .04 which
suggested a pattern of results mirrored the recog-
nition data and Bonferroni pairwise comparisons indi-
cated no difference in susceptibility to negative (p
= .15) or neutral (p = .16) critical lures across
format at immediate test. After a delay, although,

Table 1. Proportionate means (and Standard Deviations) for old responses to unrelated and weak related distractors and recollective
experience judgements to list items, critical lures, and distractors as a function of valence, format, and retention interval.

Neutral stimuli Negative stimuli

Immediate Delay (1-week) Immediate Delay (1-week)

M SD M SD M SD M SD

List Items Generate
Old responses .89 .16 .72 .29 .94 .10 .85 .17
Remember responses .61 .32 .41 .31 .71 .28 .53 .26
Know responses .19 .23 .22 .25 .18 .23 .23 .21
Guess responses .09 .15 .10 .13 .05 .11 .10 .13

Critical Lures
Old responses .41 .33 .64 .38 .55 .35 .84 .23
Remember responses .11 .20 .26 .34 .20 .31 .43 .31
Know responses .17 .25 .26 .28 .21 .25 .26 .29
Guess responses .14 .19 .12 .10 .14 .21 .14 .20

List Items Read
Old responses .63 .25 .60 .28 .73 .24 .68 .26
Remember responses .30 .25 .27 .29 .42 .32 .34 .24
Know responses .18 .18 .19 .17 .21 .23 .21 .20
Guess responses .15 .15 .15 .17 .11 .16 .14 .14

Critical Lures
Old responses .33 .35 .63 .35 .49 .37 .65 .30
Remember responses .11 .17 .29 .32 .13 .24 .21 .27
Know responses .09 .15 .18 .15 .23 .26 .34 .29
Guess responses .13 .21 .16 .21 .13 .21 .10 .17

Weak related distractors
Old responses .12 .14 .40 .23 .25 .22 .57 .21
Remember responses .02 .05 .11 .18 .08 .13 .16 .16
Know responses .04 .07 .15 .15 .08 .11 .22 .17
Guess responses .06 .13 .14 .17 .09 .13 .19 .16

Unrelated distractors
Old responses .06 .09 .29 .18 .19 .21 .49 .20
Remember responses .006 .02 .05 .07 .02 .05 .13 .12
Know responses .004 .02 .05 .08 .05 .09 .20 .13
Guess responses .05 .08 .13 .13 .12 .14 .17 .15
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again no difference for neutral critical lures across
format (p = .87), susceptibility to negative critical
lures was higher in the generate vs. read condition
(p < .001).

For criterion C, responses were more liberal for
negative compared to neutral list items, F(1, 85) =
93.86, p < .001, ηp

2 = .53, for the generate compared
to read condition, F(1, 85) = 96.45, p < .001, ηp

2 = .53,
and after a one-week compared to immediate reten-
tion, F(1, 85) = 10.93, p = .001, ηp

2 = .11. There was a
significant interaction between Format × Retention
Interval, F(1, 85) = 6.46, p = . 01, ηp

2 = .07 and
Valence × Retention Interval, F(1, 85) = 4.25, p = . 04,
ηp

2 = .05, the pattern of results mirrors the main
effects for format and retention. For critical lures,
responses bias was more liberal for negative com-
pared to neutral valence, F(1, 85) = 61.02, p < .001,
ηp

2 = .42, for the generate compared to read, F(1,
85) = 10.74, p = .002, ηp

2 = .11, and after a one-week
retention, F(1, 85) = 54.77, p < .001, ηp

2 = .39. Similar
to discrimination analysis, there was a 3-way inter-
action, F(1, 85) = 3.69, p = .06, ηp

2 = .04, which
implied that there was no response bias differences
at immediate test (pnegative = .15 and pneutral = .16),
but after one-week, there was more liberal respond-
ing to negative valence critical lures in the generate
vs. read condition (p < .001) but no difference for
neutral critical lures, (p = .87), see Table 2.

The signal detection analysis indicates that dis-
crimination between target (or critical lure) and dis-
tractor was better for immediate compared to
delayed testing, for negative compared to neutral
stimuli and for generate vs. read. Once broken
down, the three-way interaction for critical lures, mir-
rored a similar finding in the recognition rates. There
was an expected increase in liberal responding for
negative compared to neutral valanced items and
an increase in liberal responding after a period of
delay. These findings are further reviewed in the
discussion.

Discussion

The present experiment explored the effect of genera-
tive processing on false memories. The purpose of this
study was not only to attempt a replication of the
original findings from Soraci et al. (2003), but also to
examine whether there are conditions where a gener-
ation effect could increase false memories for critical
lures in the DRM paradigm. For correct recognition,
we saw a robust generation advantage at bothTa
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retention intervals and for neutral and negative list
items. We also replicated Soraci et al.’s findings in
that generative processing did not significantly
increase false recognition for the immediate test con-
dition and this was the case for both valence types.
These findings differ from the more is less pattern
found by Toglia et al. (1999) and Thapar and McDer-
mott (2001) in which manipulations that facilitated
correct recollection (i.e. levels of processing and
blocked thematic presentation) also increased false
recollection.

Importantly, this outcome changed when the
retention interval was delayed. After one week,
there was still no difference in false recognition
between generate and read for neutral stimuli, but
false recognition was higher in the generate com-
pared to read condition for negative stimuli. There-
fore, for negative valence, after delay, we see the
generation advantage for false recognition that is
typically seen for correct recognition. Our findings
appear to suggest that the distinctiveness effect
caused by generative processing may drive down
our susceptibility to false recognition at immediate
test, but over time that distinctiveness decays. We
argue that negative valanced lists have benefited
from enhanced relational processing compared to
neutral lists and that this could explain the increase
in false recognition that we see.

To expand, we hypothesised that negative false
memories may benefit from more over a delay from
the generation effect because of the nature of nega-
tive stimuli and the way they are encoded, stored,
and retrieved. We can turn to memory-based
accounts of false memory production to explain
these findings. We typically see an enhanced nega-
tive-emotional false memory effect which has been
attributed to a greater reliance on relational infor-
mation or meaning-based representations for
valenced stimuli (Howe et al., 2010) and fewer over-
lapping theme nodes (Otgaar et al., 2016) leading to
easier associative activation or gist formation (Book-
binder & Brainerd, 2016). Over time, the richer nega-
tive stimuli foment which leads to an increase in
false memories. In addition, we argue that such rich
stimuli likely allow for better relational processing
during generation. Research has shown that there
are conditions under which generative processing
can enhance inter-target processing. For example, if
the study list is structured such that information
from earlier targets is useful in the generation of sub-
sequent targets, that is they are semantically related,

then inter-target relational processing will be
enhanced. This occurs because when target items
are members of a common category, then processing
their common characteristics assists generation (e.g.
McDaniel et al., 1988). If negative-emotional lists are
more semantically dense, we hypothesise that gen-
erative processing will aid the activation of semantic
associates and process common category or associat-
ive information. Although item-specific detail decays
for both neutral and negative stimuli, increasing
false recognition overall after a delay, enhanced
associative/relational processing during generation
for negative lists may explain the presence of the gen-
eration effect for negative but not neutral false mem-
ories at the one-week retention interval.

We should note that false alarms to list distractors
were high for negative valence matched items com-
pared to neutral. This drives down memory sensitivity
measures for negative stimuli, although still showing
the same generation pattern in the data similar to
raw recognition responses. This finding appears to
be emerging in the emotional false memory literature
that measures recognition (e.g. Budson et al., 2006;
Hellenthal et al., 2019; Howe et al., 2010). Participants
appear to be less willing to reject negative-emotional
stimuli at the test. It is likely that the semantically
cohesive inter- and intra-list items make it difficult
to discriminate information that has a high familiarity
level. This can be seen in more liberal responding to
negative stimuli, especially in the generation con-
dition, where relational processing appears to be
more enhanced. Indeed, the previous research has
suggested that our response bias does shift for nega-
tive stimuli, where items are more densely organised
and thus harder to differentiate at retrieval (see Hel-
lenthal et al., 2019; Howe et al., 2010). Understanding
threshold settings and their impact on false recog-
nition for emotional stimuli is an important avenue
for future research, especially if we are more willing
to accept information that has a high level of
emotional salience attached.

To summarise, Soraci et al. (2003) suggest that gen-
erative processing may be qualitatively different from
other encoding manipulations known to enhance
false memory formation. Instead, generation has a
robust effect on recognition because it preserves
the distinctiveness of list items during acquisition
through enhanced item-specific processing. This, in
turn, supports the distinctiveness of presented over
non-presented items at retrieval. After long retention
intervals, item-specific processing fades but relational
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detail is consolidated. Because we know negative
stimuli are richly represented, having many densely
integrated semantic associates, such stimuli aid gen-
eration through inter-target processing. After delay,
it is this processing that wins out, increasing false
memories for negative-emotional stimuli. The results
of this study provide insights into the importance of
relational or meaning-based processing for negative-
emotional stimuli especially over long-term retention.

Note

1. Recollective experience (remember/know/guess judge-
ments) was analysed using the same 2(Format: generate
vs. read) × 2(Valence: negative vs. neutral) × 2(Retention
Interval: immediate vs. delay) mixed factor analysis of
variance (ANOVA) used to analyse old recognition
rates. Although Soraci et al. (2003) did not use a recollec-
tive experience measure, this is common in DRM studies
measuring recognition (Roediger & McDermott, 1995) to
demonstrate a strong subjective experience of remem-
bering the false item. Analyses associated with remem-
ber responses revealed a similar patten to those
findings presented in the old recognition analysis.
Remember responses: For list items, remember responses
were higher for negative vs. neutral hits, F(1, 85) =
18.63, p < .001, ηp

2 = .18, and for generate vs. read, F(1,
85) = 82.38, p < .001, ηp

2 = .49. There was a retention
interval main effect, F(1, 85) = 7.49, p = .008, ηp

2 = .08,
and one significant Format × Retention Interval inter-
action, F(1, 85) = 7.26, p = .009, ηp

2 = .08, pairwise com-
parisons indicated that, for remember responses, the
generation effect was only present at immediate (p
< .001), and not 1-week delay (p = .27), albeit in the
same direction. For critical lures, remember responses
associated with false recognition were higher for gener-
ate vs. read, F(1, 85) = 8.33, p = .005, ηp

2 = .09 and higher
after one-week, F(1, 85) = 14.90, p < .001, ηp

2 = .15. There
was no significant main effect of valence, F(1, 85) = 3.18,
p = .08, ηp

2 = .04 but the three-way interaction was sig-
nificant, F(1, 85) = 4.14, p < .05, ηp

2 = .05. When separated
by retention interval, Bonferroni pairwise comparisons
showed no differences between format for neutral and
negative valence (p = .86 and p = .11) at immediate
test, however, after one-week, there were more remem-
ber responses associated with false recognition in the
generate condition compared to the read condition for
negative valence only (p < .001). There was no format
difference for neutral valence (p = .56). For false alarms
to related, F(1, 85) = 10.42, p = .002, ηp

2 = .11 and unre-
lated, F(1, 85) = 29.65, p < .001, ηp

2 = .26 distractors
there were more remember responses for negative vs.
neutral valence, and more for immediate versus one-
week (F(1, 85) = 13.42, p < .001, ηp

2 = .14 and F(1, 85) =
30.57, p < .001, ηp

2 = .26, respectively). There was a
Valence X Retention Interval interaction for unrelated
distractors, F(1, 85) = 12.70, p < .001, ηp

2 = .13, and pair-
wise comparisons indicated that the valence difference

occurred at the one week interval only (p = .009 vs. p
= .13). Know responses: For list items, there were no sig-
nificant main effects or interactions (all ps > .05). Know
responses associated with critical lure false recognition
were higher for negative vs. neutral valence, F(1, 85) =
13.78, p < .001, ηp

2 = .14, and higher after one-week, F
(1, 85) = 6.06, p = .02, ηp

2 = .07. There was one significant
two-way Valance × Format interaction, F(1, 85) = 6.03, p
= .02, ηp

2 = .07. Bonferroni pairwise comparisons
revealed no difference in format for neutral valence (p
= .46) but more know responses in the generate vs.
read condition for negative valence critical lures. This
did not interact with retention interval. For false alarms
to related, F(1, 85) = 8.99, p = .004, ηp

2 = .10 and unre-
lated, F(1, 85) = 62.17, p < .001, ηp

2 = .42 distractors
there were more know responses for negative vs.
neutral valence, and more for immediate versus one-
week (F(1, 85) = 36.49, p < .001, ηp

2 = .30 and F(1, 85) =
46.85, p < .001, ηp

2 = .36, respectively). There was a
Valence × Retention Interval interaction for unrelated
distractors, F(1, 85) = 16.82, p < .001, ηp

2 = .17, but pair-
wise comparisons revealed same patterns as the main
effects (all ps < .05). Guess responses: For list items,
although more guessing were made for the read com-
pared to generate condition, F(1, 85) = 12.09, p < .001,
ηp

2 = .13, there were no other significant main effects
or interactions (all ps > .05). For critical lures, there were
no significant main effects or interactions (all ps > .05).
For related distractors, guessing was higher after one
week delay, F(1, 85) = 12.58, p < .001, ηp

2 = .13, but no
main effect of valence or significant interaction (ps
> .05). For unrelated distractors, guessing was higher
for negative items, F(1, 85) = 12.59, p < .001, ηp

2 = .13,
and after one week delay, F(1, 85) = 7.91, p = .006, ηp

2

= .09, but no interaction, F(1, 85) = .52, p = .47, ηp
2 = .01

(see Table 1 for all descriptive statistics).
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