
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=pcem20

Cognition and Emotion

ISSN: 0269-9931 (Print) 1464-0600 (Online) Journal homepage: https://www.tandfonline.com/loi/pcem20

False memory for pictorial scripted material: the
role of distinctiveness and negative emotion

Enrico Toffalini, Chiara Mirandola, Carla De Simone Irace & Gianmarco Altoè

To cite this article: Enrico Toffalini, Chiara Mirandola, Carla De Simone Irace & Gianmarco
Altoè (2020): False memory for pictorial scripted material: the role of distinctiveness and negative
emotion, Cognition and Emotion, DOI: 10.1080/02699931.2020.1749034

To link to this article:  https://doi.org/10.1080/02699931.2020.1749034

View supplementary material 

Published online: 05 Apr 2020.

Submit your article to this journal 

Article views: 95

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=pcem20
https://www.tandfonline.com/loi/pcem20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02699931.2020.1749034
https://doi.org/10.1080/02699931.2020.1749034
https://www.tandfonline.com/doi/suppl/10.1080/02699931.2020.1749034
https://www.tandfonline.com/doi/suppl/10.1080/02699931.2020.1749034
https://www.tandfonline.com/action/authorSubmission?journalCode=pcem20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=pcem20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02699931.2020.1749034
https://www.tandfonline.com/doi/mlt/10.1080/02699931.2020.1749034
http://crossmark.crossref.org/dialog/?doi=10.1080/02699931.2020.1749034&domain=pdf&date_stamp=2020-04-05
http://crossmark.crossref.org/dialog/?doi=10.1080/02699931.2020.1749034&domain=pdf&date_stamp=2020-04-05


BRIEF ARTICLE

False memory for pictorial scripted material: the role of distinctiveness
and negative emotion
Enrico Toffalini a, Chiara Mirandolaa, Carla De Simone Iracea and Gianmarco Altoè b

aDepartment of General Psychology, University of Padova, Padova, Italy; bDepartment of Developmental and Social Psychology,
University of Padova, Padova, Italy

ABSTRACT
Emotional content has complex effects on false memory. Under certain circumstances,
emotional material may reduce the likelihood of false memory, a phenomenon that
some consider related to it being more distinctive than neutral stimuli. In the
present study we tested inferential false memory related to emotionally neutral or
negative, and distinctive (but not emotionally charged) scripted material.
Remember/familiar judgements were required for recognised stimuli. Data were
analysed using mixed-effects multinomial regressions and a Bayesian inferential
approach. Results obtained with 82 adult participants showed that, compared with
neutral material: distinctive material reduced their false memory associated with
“remember” and “familiar” judgements, virtually to the same extent; negatively-
charged material reduced false memory associated with “remember” judgements
but it had no effect on false memory associated with “familiar” judgements. In
short, negatively-charged and distinctive material seems to affect false memory in
different ways: the latter affects both recollection and familiarity, the former only
recollection.
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Introduction

False memory can arise from reconstructions and
inferences based on viewed material, such as scripted
events (e.g. Bower et al., 1979; Hannigan & Reinitz,
2001). Recent research has suggested that, when a
scripted event depicts emotional scenes, false
memory of logically related elements may be
reduced by comparison with non-emotional scenes
(e.g. Mirandola et al., 2014; Mirandola et al., 2017;
Toffalini et al., 2019). It has been suggested that
emotion-related false memory reduction is linked to
a greater episodic distinctiveness of emotional
material, which would facilitate a more detailed
encoding. The hypothesis is that a critical element/
scene that stands out against similar material around
it is protected against memory distortions (Kensinger
& Corkin, 2004; Mirandola et al., 2017; Pesta et al.,
2001). Unexpectedness may be the key factor, via a
“distinctiveness heuristic” (Doss et al., 2019). On the

other hand, when series of emotional items are
encoded, and critical lures (i.e. non-encoded items
that are related with encoded items and may be
falsely recalled or recognised during memory retrieval)
are also emotional, such a shared “emotional gist”may
boost (rather than reduce) false memory by increasing
the sense of familiarity (Bookbinder & Brainerd, 2017).

Distinctiveness alone cannot explain what differen-
tiates between emotional and non-emotional (false)
memory. Kensinger and Schacter (2008) found
enhanced memory for emotional material associated
with the activation of a neural network specifically
responsible for processing emotional information,
that includes the amygdala and the orbito-frontal
cortex. Evidence recently reviewed by McGaugh
(2018) confirmed that memory consolidation for
stimuli encoded before, during or shortly after
emotional arousal is regulated by neurobiological
mechanisms specifically related to emotional
responses, including the release of stress hormones
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and activation of the amygdala. Individual differences
in emotional information processing may modulate
false memory rates for emotionally charged material
as well. For example, individuals with high (subclinical)
trait anxiety were more likely than controls to experi-
ence false memory for negatively arousing material
(e.g. Toffalini et al., 2015; see also Joormann et al.,
2009, for similar evidence in the clinically depressed).
Such an increase in false memory has been explained
in terms of emotional stimuli being elaborated more
than neutral stimuli. This suggests, once again, that –
beyond the issue of distinctiveness – emotionality
per se must also be involved in modulating false
memory for emotionally charged material.

In the present study we examined whether distinc-
tive but not emotional material protects against false
memory in much the same way as negatively arous-
ing, but similarly distinctive material. An ecological
false memory paradigm based on pictorial scripted
material originally developed by Hannigan and
Reinitz (2001), and recently adapted to include emo-
tionality as a factor (Mirandola et al., 2014, 2017;
Toffalini et al., 2019), was extended in the present
study to include a new, not emotionally-charged, dis-
tinctive condition. In this paradigm, participants
encode scripted sequences of photographs depicting
everyday life events. Each sequence has alternative,
mutually-exclusive endings of different emotionality
(e.g. neutral, negative, positive; Toffalini et al., 2019).
The “critical lure” in the test is a photograph depicting
the unseen antecedent of the encoded ending
(“causal antecedent”), which is the same for all poss-
ible endings.

In the present study, in addition to a neutral and a
negatively-charged condition, we newly added a “dis-
tinctive” condition that consisted of salient/unex-
pected scenes not charged with an emotional
valence. An independent group of 28 participants
rated all critical scenes (or script endings) on three
dimensions: valence, arousal and distinctiveness. We
aimed to match the distinctive and negatively-
charged emotional conditions in terms of distinctive-
ness/unexpectedness, but to make them differ in
terms of both valence and arousal. For the sake of par-
simony, a positive condition was not included (unlike
the approach used in previous versions of the para-
digm [Toffalini et al., 2019]).

Subjective awareness associated with memory
errors was examined to further investigate the
nature of false memory associated with distinctive vs
negatively-charged events. Participants were required

to report Remember/Familiar judgements associated
with recognised photographs, where the former
term indicated experiences of vivid recall (associated
with the retrieval of qualitative details), and the
latter a feeling of knowing (Tulving, 1985; Yonelinas,
2002). Both processes can be seen as accessible to
consciousness, as participants are explicitly asked to
introspect on their subjective awareness, but remem-
bering is associated with a sense of retrieving “quali-
tative” details about a previous event, while
familiarity is more associated with an overall assess-
ment of the “quantitative” strength of the memory
(Yonelinas, 2002).

More distinctive stimuli may boost encoding,
thereby reducing overall false memory (i.e. reducing
the rates of causal errors associated with both
“remember” and “familiar” responses). This may
apply to both negatively-charged and distinctive
material to much the same degree. As mentioned
above, however, emotional material undergoes dedi-
cated processing (Kensinger & Schacter, 2008). Miran-
dola et al. (2014) suggested that negatively arousing
material might reduce false memory associated with
“remember” responses more than false memory
associated with “familiar” responses. Why should this
happen? Negatively-charged material undergoes a
deeper and longer cognitive processing than non-
emotional material, even triggering ruminative pro-
cesses (e.g. Curci et al., 2013). Since elaboration pro-
cesses are the basis for inferential errors in the
paradigm that we used (Hannigan & Reinitz, 2001; Mir-
andola et al., 2014), negatively-charged material
potentially boosts at least some aspects of false
memory. Specifically, it may prevent vivid recollec-
tions of unseen causal antecedents (via an enhanced
encoding boosted by distinctiveness) but, through
an enhanced elaboration of the material viewed, it
may increase a false sense of knowing (i.e. being fam-
iliar with) associated elements, such as causal antece-
dents. Given the above-discussed potential role of trait
anxiety in moderating the elaboration of negatively-
charged material, we also measured this variable in
our participants for control purposes.

Method

Participants

A group of 82 undergraduate students (Mage = 22.5
years, SD = 6.9, 74% females) volunteered to partici-
pate in the study. The number of participants is in
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line with previous studies using a similar version of the
same paradigm (e.g. Mirandola et al., 2014, 2017;
Toffalini et al., 2019), and in frequentist terms it
could be considered appropriate for detecting a
small-to-medium effect size using a paired measures
design. Setting Cohen’s d at .35, α=.05, within-partici-
pant correlation r = .50, N = 82, then power = .88, and
exaggeration ratio = 1.08 (Gelman & Carlin, 2014).
Written informed consent was obtained from all par-
ticipants prior to participation. The study followed
the ethical standards of the Italian Psychological
Association.

Materials and procedure

False memory paradigm
We used a false memory paradigm based on pictorial
scripted material (Mirandola et al., 2014, 2017; Miran-
dola et al., 2020; Mirandola & Toffalini, 2016;
Solomon et al., 2019; Toffalini et al., 2014, 2015,
2019). We added a “distinctive” condition alongside
the “neutral” and “emotionally negative” conditions
of the previously-used versions. The paradigm consists
of a series of nine scripted events depicting young
actors engaged in everyday life events (e.g. dating a
friend, waking up in the morning). Each scripted
story is shown in a series of 14 colour photographs
on a computer screen. Each of the nine stories has
three alternative endings: one is emotionally
“neutral” (neutral valence, low arousal), one is
emotionally “negative” (i.e. negative valence, high
arousal), and one is “distinctive” (neutral valence, low
arousal, but with an unexpected element, e.g. a girl
wakes up in the morning, opens a cupboard in the
kitchen and, instead of food, she find shoes that she
quietly begins to polish). Examples of the stimuli are
shown in the Appendix. Each participant was shown
only one ending for each story. The endings they
saw were counterbalanced across participants. Each
participant encoded three stories for each type of
ending, in a mixed order.

A specific set of critical lures called “causal antece-
dents”was designed to assess causal errors (Mirandola
et al., 2017). They consist of photographs presented at
the recognition stage, that depict scenes immediately
preceding the critical ending of the script (and they
are never shown during the encoding phase). In
each script, the causal antecedent is the same photo-
graph for all alternative endings. Another set of lures
called “gap-filling distractors” was designed to assess
gap-filling errors. They depict scenes that are generally

consistent with the script routines, but not actually
encoded. The conceptual difference between
“causal” and “gap-filling” lures lies in that the former
are related to a single, specific event in the script,
while the latter are more generally related to the
script (Hannigan & Reinitz, 2001). In our case, causal
antecedents were specifically related to the pivotal
events by means of which the independent variable
(labelled “valence” or “emotionality” in previous
studies, but here generalised as “type of ending” to
include non-emotional distinctiveness) is factorially
manipulated. Finally, hits were tested using encoded
“target” photographs. Gap-filling distractors and
target photographs were designed to be interchange-
able, and their roles were counterbalanced across par-
ticipants. Previous research consistently showed that
hits and gap-filling errors were unaffected by the
main emotionality/type-of-ending manipulation (e.g.
Mirandola et al., 2017; Toffalini et al., 2019). In all, the
recognition phase included 9 causal antecedent
lures, 27 gap-filling distractor lures, and 36 target
photographs.

Trait anxiety
As previously mentioned, trait anxiety was assessed
because of its potential relevance to (emotional)
false memory (Toffalini et al., 2014, 2015). The trait
anxiety scale of the State-Trait Anxiety Inventory
(STAI-Y; Spielberger et al., 1996) was used. It consists
of a 20-item questionnaire with responses on a 4-
point Likert scale (9 items are reverse-scored).
Reliability was very good in our sample, Cronbach’s
α = .91.

Procedure
During encoding, participants sat in front of a compu-
ter screen and were told to pay attention to the photo-
graphs they would be shown. The nine pictorial scripts
were shown one after the other without interruption.
The photographs were shown at a rate of 2 sec, with a
2 sec black interstimulus interval.

There was a 15-min retention period after the
encoding phase, during which participants completed
unrelated filler tasks. Then they engaged in a self-
paced recognition phase. They were told they would
see another set of photographs that included some
they had already seen in the encoding phase and
other, new photographs, in a mixed order. Participants
were asked to say “yes”/“no” to indicate whether or
not they thought they had already seen each photo-
graph during the encoding phase. For each
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photograph they recognised, they were asked to say
they “remembered” it, meaning they had a clear
memory of the previous encounter with the photo-
graph, such that they could recollect some qualitative
features of that moment (e.g. they could recall some-
thing that came to mind when they first saw the
photograph). Otherwise, participants were asked to
say it was “familiar” if they thought they had seen
the same photograph during the encoding phase,
but they could not recollect any qualitative features
about their encounter with it. After participants had
completed the recognition phase, the STAI-Y scale
was administered.

Rating phase
An independent group of 28 undergraduate students
(Mage = 21.2 years, SD = 2.7, 75% females), none of
whom subsequently took part in the experiment,
served as judges to rate the material on valence,
arousal, and distinctiveness. All stories were judged
very easy to understand. Valence and arousal were
rated using the SAM (Self-Assessment Manikin;
Bradley & Lang, 1994), and two separate 9-point
rating scales (from 1 = negative valence/low arousal
to 9 = positive valence/high arousal). An additional 5-
point Likert scale was used to assess distinctiveness,
based on the following question: “Please rate how
much the ending is salient, i.e. how much it comes
as a surprise and captures your attention”.

The ratings were analysed using separate mixed-
effects linear models for valence, arousal, and distinc-
tiveness, and fitted using the Bayesian method
implemented in the “BayesFactor” package of the R
software. The ratings were the response variables,
the type of ending was the fixed factor of interest,
and scripts and participants were random effects.
The Bayes Factor (BF) was used as a measure of evi-
dence of the fixed effect. Cohen’s d was reported as
the effect size (estimated as the median value calcu-
lated from the posterior distributions). Further details
can be found in the Supplemental material (Table S1).

There was very strong evidence of the type of
ending affecting the valence, arousal and distinctive-
ness ratings: all BFs >1050. As concerns valence, the
“negative” endings were associated with much more
negative ratings than the “neutral” (d = 1.94) or “dis-
tinctive” (d = 2.13) endings, while the latter two
received similar ratings (d = 0.18). For arousal, the
“negative” endings were again associated with far
higher ratings than the “neutral” (d = 1.56) or “distinc-
tive” (d = 1.04) endings, and the “distinctive” endings

were moderately more arousing than the “neutral”
ones (d = .52), possibly due to the unexpectedness
associated with distinctiveness being slightly arousing
per se. As for distinctiveness, both the “negative” (d =
1.19) and the “distinctive” (d = 1.39) endings were
rated as much more salient/unexpected than the
“neutral” endings; the “negative” and “distinctive”
endings were similarly rated on distinctiveness, with
the latter judged slightly more salient/unexpected
than the former (d = .21). All these results were in
line with our expectations.

Statistical analyses

As the nature of the response variable was discrete
and categorical with three options (i.e. “remember”/
“familiar”/“no” for the photographs in the recognition
phase), multinomial logistic regression was used, i.e. a
generalisation of the binomial logistic regression
when possible responses fall into more than two cat-
egories. See Jaeger (2008) on the advantage of using
logistic regressions to model probability when
dealing with categorical response variables. Multino-
mial regression also enabled us to analyze responses
within a single statistical model, without fitting
different models for alternative response categories.
In our case, “no” was set as the reference or baseline
category, and the probabilities of “remember” and
“familiar” responses were estimated vis-à-vis the “no”
responses. For further control, all rates and estimates
concerning the “familiar” responses were sub-
sequently corrected using the “independence remem-
ber/know” procedure (IRK; Yonelinas & Jacoby, 1995).
It consists of dividing the probability of the “familiar”
responses by one minus the probability of “remem-
ber” responses. This estimates the magnitude of the
“familiar” process in the absence of recollection.

The data consisted of a series of measures repeated
by participant, so mixed-effects models were used. For
the “causal errors” dependent variable, the model
included type of ending (within-participant, 3 levels:
neutral [baseline], negative, distinctive) as the fixed
effect of interest. Previous literature consistently
showed that the type of ending (i.e. “valence”)
affected the probability of causal errors but not gap-
filling errors or hits (e.g. Mirandola et al., 2014, 2017;
Toffalini et al., 2019). Nonetheless, we tested type of
ending as a predictor also for gap-filling errors and
hits, for consistency and completeness. The STAI-Y
score was also entered as a covariate in all final
models to control for trait anxiety. For “causal errors”

4 E. TOFFALINI ET AL.



the interaction between STAI-Y and type of ending
was also tested. Random intercepts were set for
participants.

A Bayesian analytical approach was used because
it offers several advantages, including: the chance to
formalise prior knowledge in the analysis; the
emphasis on parameter estimation; and flexibility in
examining posterior distributions (Kruschke &
Liddell, 2018). Prior knowledge was formalised from
previous studies that employed the same false
memory paradigm (see below). All models were
fitted using the “brms” package (Bürkner, 2017) of
the R software, which uses the Markov chain Monte
Carlo (MCMC) Bayesian estimation method
implemented in the STAN programming language.
The models were assessed using four chains with
5,000 iterations (and 10,000 iterations for the
reported final models). Convergence was assessed
with the “Rhat” (potential scale reduction factor on
split chains), and was always below 1.01, indicating
a good convergence. The Widely Applicable Infor-
mation Criterion (WAIC; lower is better) was used to
assess evidence in favour of the fixed effects of inter-
est by means of model comparisons (Watanabe,
2010). Adopting the criteria suggested by Raftery
(1995) for “BIC” (another information criterion with
a similar interpretation in a Bayesian context), we
considered |ΔWAIC| > 2 as indicating sufficient evi-
dence for a decision in favour of (or against) a
given effect, with smaller differences suggesting
only “weak” evidence, and |ΔWAIC| > 6 indicating
“strong” evidence. When a fixed effect was supported
by sufficient evidence, the posterior distributions of
its coefficients were examined. The means of the pos-
terior distributions were reported as the point esti-
mates for the model coefficients (Bs), with 95%
Bayesian credible intervals (BCI, calculated with the
percentile method) as measures of uncertainty. A
BCI excluding zero is interpreted as indicating a prob-
ably non-null coefficient. Overlapping was also calcu-
lated to compare posterior distributions, using the
“overlapping” package (Pastore, 2018) in R.

Definition of prior knowledge
Informed priors were formalised for all effects of inter-
est. The priors were formalised from a pool of obser-
vations collected on a total of 248 young adults who
served as control groups in four previous studies
that employed similar versions of the present false
memory paradigm, including at least an emotionally
“neutral” vs “negative” condition (Mirandola et al.,

2014, 2017; Toffalini et al., 2014, 2015). Mixed-effects
logistic regressions were conducted on these data,
with experiments and participants entered as
random effects, and a set of non-informative priors.
The estimated parameters were adapted for the
multinomial regression, and served as the informed
priors for the present study. The full set of informed
priors is available in the Supplemental material
(Table S2).

Regarding the effect of the type of ending, none of
the previous studies included the “distinctive” con-
dition. Both for theoretical reasons and for the pur-
poses of comparison, the priors describing the effect
of the “negative” condition were therefore applied
to the “distinctive” condition as well. For the same
reasons, identical weakly-informed priors were also
used for both “remember” and “familiar” judgements.
For the intercepts, we set the priors based on the
assumption that the probability of false memory
associated with a “remember” judgement would be
around half as much as the probability of false
memory associated with a “familiar” judgement, in
line with descriptive statistics reported in Mirandola
et al. (2014). We assumed that the opposite could
apply to hits (as they were expected to be subjectively
more compelling).

Due to the many assumptions we made, all the
above-mentioned priors were set as weakly informa-
tive, with SD = 1.0. In fact, priors were used mainly as
a benchmark, i.e. for the purpose of drawing compari-
sons. As a sensitivity analysis, we compared the pos-
terior distributions for causal errors with those
estimated using a model without any informed
priors. We found that the latter had negligible lever-
age on the posterior distributions (see Supplemental
material, Table S2, Figure S1). Uninformed default
priors of the “brms” package were used for effects
not mentioned above (e.g. for random effects).

Results

Mean proportions of causal errors, gap-filling errors,
and hits are reported for descriptive purposes in
Table 1. All “familiar” rates are also provided with the
IRK correction, which was small to negligible for false
memory rates, but rather large for hits.

Causal errors

As expected, strong evidence emerged in favour of a
main effect of type of ending on causal errors
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(ΔWAIC =−7.80, when it was added to the model that
included only the control variable STAI-Y; see details in
the online Supplemental material, Table S3).

Figure 1, panel (a), shows the effect of type of
ending: causal errors were more likely in the
neutral than in the negative or distinctive conditions.
“Familiar” judgements were also more likely than
“remember” judgements (independently of whether
the IRK correction was applied). Different patterns
emerged for the “remember” vs “familiar” judge-
ments, however. Causal errors associated with

“remember” judgements were just as likely in the
distinctive and negative conditions (and less likely
in either case than in the neutral condition). Causal
errors associated with “familiar” judgements were
less likely in the distinctive condition than in either
the neutral or the negative condition, however,
with the latter two on much the same level. Model
coefficients supported the observations emerging
from a visual inspection. To be specific, the coeffi-
cient for the “remember” judgements, B =−−.98,
95% BCI (−1.59, −.39), was higher than the one for
the “familiar” judgements, B =−.11, 95% BCI (−.54,
.31), overlap = 6.2%. Conversely, for the distinctive
condition, the coefficients for “remember”, B =−.67,
95% BCI (−1.25, −.12), and “familiar”, B =−.53, 95%
BCI (−.98, −.07), judgements largely overlapped,
61.5%. So the difference between the “remember”
and “familiar” judgements was greater in the nega-
tively-charged condition than in the other two con-
ditions combined, ΔB = .79, 95% BCI (.16, 1.44). It
should be noted that the overall effect of the nega-
tive material (i.e. combining the coefficients for the
“familiar” and “remember” judgements) was not
smaller than the overall effect of distinctive material,
B =−.06, 95% BCI (−.48, .37).

Finally, there was moderate evidence of a positive
main effect of the STAI-Y scores on the causal errors
(ΔWAIC = +2.44, if removed from the final, best-
fitting model), B = .24, 95% BCI (.00, .49) (combining
virtually identical coefficients for “remember”, B = .25,
and “familiar”, B = .24, judgements). STAI-Y did not

Table 1. Mean proportions (and standard deviations) of causal errors,
gap-filling errors, and hits, by type of ending (neutral, negative,
distinctive) and Remember/Familiar judgements.

Response variable Neutral Negative Distinctive

Causal errors (Familiar +
Remember)

.39 (.32) .32 (.29) .28 (.30)

Familiar responses .24 (.26) .25 (.25) .18 (.24)
Familiar responses (IRK-
corrected)

.30 (.32) .27 (.29) .21 (.28)

Remember responses .15 (.22) .07 (.15) .10 (.19)
Gap-filling errors (Familiar +
Remember)

.18 (.16) .17 (.15) .19 (.17)

Familiar responses .14 (.14) .13 (.14) .14 (.13)
Familiar responses (IRK-
corrected)

.15 (.15) .14 (.14) .15 (.15)

Remember responses .04 (.08) .04 (.08) .06 (.11)
Hits (Familiar + Remember) .81 (.16) .80 (.12) .81 (.13)
Familiar responses .26 (.21) .26 (.21) .28 (.21)
Familiar responses (IRK-
corrected)

.55 (.31) .53 (.27) .56 (.25)

Remember responses .55 (.26) .54 (.26) .53 (.24)

Note: For descriptive purposes, responses were averaged by partici-
pant before their inclusion in this table, so the standard deviations
reflect inter-individual variability in the mean proportions.

Figure 1. Posterior distributions of the estimated probabilities of causal errors (a), gap-filling errors (b), and hits (c) associated with “remember” vs
“familiar” judgements. Causal errors are shown as a function of type of ending. The error bars represent the 95% BCIs of posterior estimates. The
grey dots represent the mean values of the informed priors.

6 E. TOFFALINI ET AL.



interact with type of ending, however (ΔWAIC =
+3.04 when the interaction was added to the
model).

Gap-filling errors and hits

There was evidence against an effect of type of ending
on gap-filling errors (i.e. the fit decreased when it was
added to the model including only the control variable
STAI-Y, ΔWAIC = +4.05; see details in Supplemental
material, Table S3). Likewise, there was evidence
against an effect of type of ending on hits (ΔWAIC =
+5.47; Supplemental material, Table S3).

The estimated probabilities of gap-filling errors and
hits are given in Figure 1, panels (b)(c). As there was
substantial evidence against an effect of type of
ending on either of these two variables, Figure 1
shows the overall probability estimates. Gap-filling
errors associated with “remember” judgements were
fewer than those expected from the informed prior,
and far fewer than those associated with “familiar” jud-
gements. Hits were largely in line with the priors, more
hits being associated with “remember” than with
“familiar” responses (the estimated probability of
hits, combining “remember” and “familiar”, was .80).
After the IRK correction, the probability of hits associ-
ated with “familiar” responses virtually equalled that
associated with “remember” responses (see Figure 1,
panel c). Although it was retained as a control variable,
STAI-Y was unnecessary as a predictor of either gap-
filling errors or hits (ΔWAIC =−0.46 and ΔWAIC =
−1.33, respectively, when it was removed from the
model; this is not strong evidence against STAI-Y,
however).

Additional analysis

An additional analysis was carried out on false
memory as a function of the temporal order of lures
(gap-filling and causal-antecedent distractors) within
the script. This is reported in the Supplemental
online material at page 6.

Discussion

Our results suggest that emotionally negative and dis-
tinctive (but not emotional) scenes presented in
scripts attenuated false memory of causal antecedents
in a way that was similar, but not identical. Negative
and distinctive material both reduced false memory
associated with “remember” judgements, while only

the latter did so for false memory associated with
“familiar” judgements. We adapted a recent paradigm
that allows to investigate a specific, ecologic type of
inferential false memory, named “causal errors”, i.e.
false recognition of the unseen antecedents of seen
consequences of varying valences (e.g. Mirandola
et al., 2014, 2017; Toffalini et al., 2019).

These findings partly support previous reports of
emotional material enhancing encoding, and thus
reducing false memory, because it is more distinctive
(Kensinger & Corkin, 2004; Mirandola et al., 2017;
Pesta et al., 2001). A feature common to such previous
research was that the encoded material and critical
lures were related, but not by an emotional gist. In
the DRM-like paradigm in Kensinger and Corkin
(2004), and Pesta et al. (2001), the lures were emotion-
ally charged, but the related encoded stimuli were not.
An emotional “distinctiveness heuristic” can explain
the tendency to rule out having seen something
highly salient/unexpected (such as an emotionally
arousing item) on the grounds that it would have
been easy to recall (Doss et al., 2019). In our paradigm
(as in Mirandola et al., 2017), the “causal antecedent”
of the encoded critical event was always inherently
neutral. Either way, a mismatch in emotionality/dis-
tinctiveness between the encoded and retrieved
material seems essential to reducing false memory.
In fact, when encoding stimuli share an emotional
gist with “critical lures”, this may boost false memory
(Bookbinder & Brainerd, 2017). The mismatch seems
ecologically relevant, however, because crucial facts
to remember about an emotionally-charged event
might be inherently neutral in real life. This happens
in forensics, for instance, when an eyewitness is
asked to recall what happened immediately before a
crime.

The present study produced additional evidence of
how the emotionality of material may affect false
memory, after accounting for distinctiveness. We
suggest that comparing emotional vs non-emotional,
but similarly distinctive conditions is crucial to clarifying
the real effects of emotionality. Causal errors associated
with our participants’ “familiar” responses were no fewer
in the emotional than in the neutral condition,
suggesting that emotion in itself does not protect
against all aspects of inferential false recall. It may be
that, although emotional material prompts more
specific encoding (e.g. Kensinger & Schacter, 2008),
thereby reducing false recall, it does not prevent this
material from undergoing further elaboration and
deeper engaging processing (Curci et al., 2013), which
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may trigger schema-based inferential false memory
(Bower et al., 1979; Mirandola et al., 2014). Our results
are also compatible with the more general notion that
emotionally negative material increases verbatim-
based encoding without suppressing gist-based false
memory (Farris & Toglia, 2019). Distinctive (but not
emotionally charged) material was found associated
with much the same reduction in false memory associ-
ated with “remember” and “familiar” judgements.
Another interpretation of our findings is that, although
false memories relating to emotionally negative
material were clearly no fewer than those relating to dis-
tinctive material, they might be subjectively “weaker”.
This idea could be further investigated in future research
by analyzing the confidence level as well as, or as an
alternative to remember/familiar judgements (e.g.
Kersten & Earles, 2017).

Finally, we had reason to expect a possible inter-
action between trait anxiety (STAI-Y) and type of
ending (i.e. an enhancing effect of the former on
causal errors only for negatively-charged content), but
our data did not support it. It may be that most partici-
pants were in the normal range of anxiety, rather than
selected for their higher scores (e.g. Toffalini et al.,
2015). Some moderate evidence nonetheless emerged
of a positive main effect of STAI-Y (i.e. higher anxiety
associated with more causal errors across the board).
This seems to contrast with previous reports on false
memory from misleading information (Zhu et al.,
2010). Trait anxiety may prompt enhanced ruminative
processing when encoding stimuli, which is the basis
for causal errors in our scripted-material paradigm (Mir-
andola et al., 2014), but previous reports of an anxiety-
related generalised increase in causal errors were incon-
clusive (Toffalini et al., 2014, 2015).

Limitations of this study include the fact that, given
the complex nature of the pictorial scripted material,
other factors may be involved, as well as emotionality
and distinctiveness. We used an ecological paradigm
(Hannigan & Reinitz, 2001; Mirandola et al., 2014) for
its potential for shedding light on real-life memory
functioning, as discussed above. Future research
should establish whether analogue results can also
be found with more controlled materials, such as
word lists. It will also be important to add a positive
condition to fully elucidate the differential effects of
emotionality and distinctiveness.
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Appendix

Note: Example of a script. A boy puts on his jacket, asks his mother for money, and goes to a bar to play slot machines. In the neutral
condition, he plays and then goes away. In the emotionally negative condition, he despairs over losing his money. In the distinctive
condition, a man comes to and clean the machine screen while the boy is playing. The common causal antecedent (or “critical lure”)
shows the boy about to insert coins in the machine.
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