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Abstract

An emerging area of memory research is showing that a certain type of false memory
called spontaneous false memories follows a developmental trajectory that is the opposite of
what is commonly assumed in false memory research. That is, spontaneous false memories are
more likely to occur in adults than in children. The present study focused on developmental
trends of different types of spontaneous false memories. Specifically, in the current study, 6-8-
year-olds, 10-12-year-olds, and adults were presented with two methods to induce spontaneous
false memories. That is, participants were presented with semantically-related words lists that are
commonly used to evoke spontaneous false memories (i.e, Deese/Roediger-McDermott (DRM)
paradigm). Furthermore, they were presented with a video in which related details were not
shown but were presented during a recognition task. Our results showed that children were more
likely to form false memories than adults in the video false memory paradigm whereas DRM
false memories were more evident in adults than in children. Furthermore, we found that on a
general level, DRM false memories were positively related to video spontaneous false memories.
We explain that stimuli that contain obvious themes attenuate or even reverse developmental

trends in spontaneous false memories.
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Developmental Trends in Different Types of Spontaneous False Memories:

Implications for the Legal Field

To be able to successfully survive in our environment, we have to be confident our
memories can be trusted. Although this trust is often legitimized, errors in our memory
occasionally surface. Such false memories can be quite innocuous when they occur in daily life
(e.g., misremembering to have bought red wine while in fact you bought white wine), yet can be
egregious when they appear in legal proceedings of, for example, child sexual abuse. In most of
these cases, legal professionals are interested in the reliability of memories and whether such
memories can be contested (Brainerd, Reyna, & Ceci, 2008). Importantly, in legal cases,
memory recollections are often the determining evidence factor in deciding whether a suspect
should be convicted. It is therefore not surprising that memory scholars have been interested in
the fallibility of memory (Loftus, 2005).

Past studies have painted quite a consistent picture with respect to the malleability of
memory. That is, false memories that are the result of suggestive pressure are easily elicited and
are more likely to be induced in children than in adults (Brainerd et al., 2008). Suggestion-based
false memories are generally studied by use of two false memory paradigms, misinformation and
implantation (e.g., Otgaar, Candel, & Merckelbach, 2008; Otgaar, Verschuere, Meijer, & van
Oorsouw, 2012c). In the misinformation paradigm, participants are presented with stimuli (e.g.,
video of a theft) or are exposed to a live event. After this, participants are given suggestive
questions (e.g., “The perpetrator had a pistol, didn’t he?””). These suggestive manipulations cause
a significant minority of participants to fall prey to the suggestion and develop false memories
for details mentioned but not actually seen or experienced (Loftus, 2005; Otgaar, Candel,

Smeets, & Merckelbach, 2010; Pezdek & Roe, 1995; Sutherland & Hayne, 2001).



Other studies focus on the implantation of false memories for entire events (e.g., Ceci &
Huffman, 1997; Loftus & Pickrell, 1995; Otgaar et al., 2008; Otgaar, Candel, Scoboria, &
Merckelbach, 2010). In these implantation paradigms, participants receive narratives about
events allegedly obtained from the participants’ parents and that did not happen in their
childhood. However, one of these narratives refers to a non-experienced event manufactured by
the experimenter (e.g., hot air balloon ride). Participants are instructed to report everything they
can recollect about the events. Interestingly, the use of false narratives leads to a significant
proportion of participants erroneously remembering the fictitious event.

The development of suggestion-based false memories has often been explicated in terms
of source monitoring errors. According to the source monitoring framework (Johnson,
Hashtroudi, & Lindsay, 1993), images, thoughts, and feelings that are experienced as memories
are attributed to specific sources. When these attributions err, images, thought, and feelings are
assigned to incorrect sources (attribution of a recollection to an internal source [e.g., memory of
the misleading information] while it should be to an external source [e.g., the misleading
question that was asked]). It is this misattribution that can result in the creation of false
memories. Because the ability to monitor the sources of recollections advances significantly
from childhood to adulthood (e.g., Lindsay, Johnson, & Kwon, 1991), false memories are less
likely to occur as children get older. This idea fits nicely with studies showing that there is an
age-related decrease in suggestion-based false memories (e.g., Otgaar, Candel, Merckelbach, &
Wade, 2009). The age-related decrease in suggestibility has also been explained in terms of
coerced social influences effects (Ceci & Bruck, 1993). That is, children are more likely to be
persuaded by authoritative persons (e.g., police officers, experimenters, adults) than adults and
are therefore more likely to accept suggestions than adults.

Recently, however, memory researchers have become increasingly interested in the



examination of spontaneous false memories (Brainerd et al., 2008; Otgaar & Candel, 2011).
Spontaneous false memories are false memories that arise without external suggestive pressure
and develop because of internal processes such as, for example, spreading activation (Howe,
Wimmer, Gagnon, & Plumpton, 2009). What makes this type of false memory so appealing to
study is that the development of these false memories have been mainly predicted by theoretical
accounts as Fuzzy-trace Theory (FTT; Brainerd et al., 2008) and Associative-activation Theory
(AAT; Howe et al., 2009; Otgaar, Howe, Peters, Smeets, & Moritz, 2012a). Furthermore, these
theoretical accounts have predicted that in certain situations, the traditional developmental view
of false memories (i.e., age-related decrease in false memory) is untenable. According to FTT
and AAT, false memories that arise spontaneously should show an opposite developmental trend
with children being less vulnerable for the formation of false memories than adults.

To see how FTT and AAT explain the development of false memories, it is important to
understand the communalities and differences between these theories. FTT stipulates that two
traces are stored when people experience an event (Brainerd et al., 2008). Verbatim traces are
involved in the storage of item-specific and surface details of an event whereas gist traces extract
the underlying semantics or meaning of an event. So gist traces capture the underlying
associations and more specifically, the underlying meaning of an event. Since verbatim traces
fade more rapidly than gist traces, people rely more on gist over time. Furthermore, research
shows that adults are better in extracting the gist of experiences relative to children. According to
FTT, false memories are built upon reliance on gist traces. As a result, because adults are better
able to get the gist of an experience than children, FTT predicts that false memories are more
pronounced in adults than in children, an effect also known as developmental reversal (Brainerd
et al., 2008).

The basic tenet of AAT is that false memories are the result of associative activation



between interconnected nodes in one’s knowledge base (Howe et al., 2009; Otgaar et al., 2012a).
Furthermore, AAT stipulates that the associative activation between interconnected nodes
increases in strength and automaticity as a function of age with adults displaying stronger
automatic connections between elements compared to children. These increases co-occur with
increases in false memories from childhood to adulthood. So, as FTT, AAT predicts that false
memories should increase with age when people rely on associative activation processes in one’s
knowledge base. Indeed, recent evidence even shows that suggestion-based false memories
increase with age when children and adults rely on associative activation processes (Otgaar et al.,
2012a). Although both FTT and AAT predict that false memories increase with advancing age
during childhood, FTT and AAT differ on a number of levels.

First of all, FTT is a dual-process theory while AAT can be considered a single-process
theory. Although there is significant merit in adopting a dual-process view when studying certain
spheres in cognitive development (e.g., memory, emotion, decision-making; Reyna & Brainerd,
2011), dual-process theories are not without criticism. For example, studies show that for certain
dual-process theories, separate components of these theories are highly interrelated suggesting
that a single-process view could better account for findings (e.g., Pratte & Rouder, 2011).
Second, with respect to false memory, dual-process theories such as FTT stress that people first
extract the gist of an experience before other related elements are activated in a network while
AAT assumes that activation spreads immediately through an interrelated network of nodes
(Howe et al., 2009). Third, FTT does not contain any assumptions about automaticity while AAT
does. Hence, AAT can make certain predictions (e.g., divided attention interferes with the
automaticity of false memories; Otgaar, Peters, & Howe, 2012b) that FTT is unable to.

Whatever interpretation is more parsimonious and more able to explain the breadth of

data concerning false memory formation, both FTT and AAT are influential theories with regard



to the development of spontaneous false memories. A customary method to elicit spontaneous
false memories is the Deese/Roediger-McDermott (DRM; Deese, 1959; Roediger & McDermott,
1995) paradigm. In this paradigm, participants receive wordlists consisting of semantically-
related words (e.g., tears, weep, sorrow) that are associatively related to a critical, nonpresented
lure word (i.e., cry). Recall and recognition tests show that a significant minority of participants
falsely remember the critical lure.

Although the DRM illusion has been criticized for a lack of ecological validity (e.g.,
DePrince, Allard, Oh, & Freyd, 2004), recent studies have revealed that this position is
untenable. Besides the robustness of the DRM false memory illusion, DRM false memories have
been shown to relate to autobiographical memories (Gallo, 2010; but see also Otgaar & Candel,
2011). Also, wordlists have been shown to evoke emotional reactions that parallel emotional
situations in daily life (Rubin & Talarico, 2009).

Another often-posed critique is the issue whether spontaneous false memories, such as
the DRM illusions, share similar mechanisms as suggestion-based false memories (Pezdek &
Lam, 2007; Wade et al., 2007). There are studies showing that certain distinctive populations
(e.g., people with therapy-induced recovered memories of abuse, past lives, alien abduction; e.g.,
Clancy, McNally, Schacter, Lenzenweger, & Pitman, 2002; Geraerts et al., 2009; Meyersburg,
Bogdan, Gallo, & McNally, 2009) have a heightened propensity to the formation of spontaneous
false memories. The main conundrum of these studies is that the “false” autobiographical
memories of, for example, sexual abuse were not triggered under strict experimental control
thereby opening the door for potential confounding variables (e.g., presence of psychological
disorders). Studies that have compared experimentally evoked suggestion-based false memories
with spontaneous false memories have found mixed findings. Some studies found no relation

between spontaneous and suggestion-based false memories (e.g., Otgaar & Candel, 2011;



Wilkinson & Hyman, 1998) while others did find a positive relation (Otgaar et al., 2012c; Qin,
Ogle, & Goodman, 2008).

It must be stressed that extant data on the development of other types of spontaneous
false memories are scarce (e.g., spontaneous false memories that are evoked by means of other
paradigms). So, although studies are revealing that the development of the DRM illusions runs
contrary to the development of suggestion-based false memories that arise out of social
influences, it remains to be seen whether this developmental trend also holds for other types of
spontaneous false memories. Examining this issue is vital, as it would extend our insight in the
mechanisms behind the development of spontaneous false memories. That is, if it is true that
spontaneous false memories are elicited by means of reliance on gist processing or associative
activation, then similar developmental trends should be expected as is found with DRM illusion.
Furthermore, developmental trends in spontaneous false memories should vary in predictable
ways according to the tenets of FTT and AAT (see below).

Thus, the purpose of the present study is to examine development trends in another type
of spontaneous false memory than the DRM illusion. Specifically, we will examine how children
(6-8-year-olds and 10-12-year-olds) and adults react when they receive a video false memory
paradigm that elicits robust levels of spontaneous false memories (Peters, Hauschildt, Moritz, &
Jelinek, in press). We decided to include videos as a means to induce spontaneous false
memories for the following reasons: 1) in order to test whether an age-related increase in false
memories also occurs when more real-life events are experienced, the inclusion of videos might
be an ideal strategy, and 2) compared to word lists, it is likely that it is easier to grasp the
underlying theme (i.e., what is the video about) of a video. As we will show later, themes are
likely to affect the creation of spontaneous false memories. So, participants are presented with

videos (e.g., fight) in which certain critical elements are removed. Then, they are presented with



a recognition task. These age groups were selected because previous studies have shown that
false memory propensity differs significantly between these groups (Brainerd et al., 2008). A
secondary aim of this study is to assess how these video false memories are related to the DRM
illusion. Thus, in the present study, participants will be presented with both the video false
memory paradigm and the DRM paradigm.

What might be predicted with respect to developmental trends using this video false
memory paradigm? Based on FTT, one might expect that children are less likely to grasp the gist
of the videos than adults and thus are less susceptible to develop false memories than adults
thereby resulting in a developmental reversal effect. Although one might assume that according
to AAT, children will have fewer opportunities to associatively activate related, yet non-
presented items about the video relative to adults leading to a development reversal effect,
studies have shown that when experiences have an obvious underlying theme, developmental
trends can be attenuated or even reversed (e.g., Howe & Wilkinson, 2011). The explanation for
this is that AAT postulates that theme nodes can lead to direct and automatic access that can
benefit children more than adults whose associative activation skills are already well developed.
As a result, such stimulus material can make children’s associative activation level at an equal or
even higher level than that of adults thereby shifting standard developmental trends in
spontaneous false memories.

Indeed, there are studies that have confirmed that experiences with obvious underlying
themes can attenuate and sometimes reverse developmental trends in spontaneous false
memories. These studies have used other material than DRM word lists to foster spontaneous
false memory production and in which the underlying theme and structure are easier identified
than DRM word lists. So, to provide certain examples, some researchers have used story contexts

in which DRM stimuli were included to bias children’s and adults’ false memory production
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(Dewhurst, Pursglove, & Lewis, 2007; Howe & Wilkinson, 2011; Swanell & Dewhurst, in
press). Dewhurst and colleagues found that 5-year-olds evinced higher spontaneous false
memory levels than older children (8- and 11-year-olds) when story contexts were used as false
memory stimuli. This finding has been broadly replicated by others (Howe & Wilkinson, 2011;
Swanell & Dewhurst, in press) who showed that stimulus materials such as stories increase
automatic processing, especially for young children, thereby weakening or flipping
developmental patterns in spontaneous false memories.

We have recently conducted a series of experiments showing that the use of a visual false
memory paradigm using scene-like, visual pictures (e.g., picture of a beach) also reversed the
standard developmental spontaneous false memory trend (Otgaar et al., 2012a). That is, across
three experiments we found that children developed higher levels of spontaneous false memories
when being presented with these visual scenes than adults who received the same stimuli. Our
interpretation of this finding was that like the story contexts, the visual scenes permitted faster
and more automatic access to theme nodes thereby resulting in even higher spontaneous false
memory levels for children than for adults.

Extending this line of reasoning, one might assume that being exposed to videos will also
result in a better identification of the underlying theme of the videos than when word lists are
used. So, based on AAT’s view on theme nodes, we would expect that when using this video
false memory paradigm, children will have equal or higher spontaneous false memory levels than
adults. Yet, for the DRM lists, we would expect a developmental reversal effect. Furthermore, if
similar mechanisms, such as associative activation, play a significant role in the development of
false memories, our expectation is that there will be a positive relation between video and DRM
false memories.

Researchers have recently also resorted to the inclusion of more forensically-relevant
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material to evoke spontaneous false memories. The reason for using such material is to better
mimic real-life situations in which false memories can have devastating effects, like for example
criminal trials of sexual abuse. So, recent studies have included emotionally-negative and
arousing DRM word lists to stimulate false memory production (e.g., Brainerd, Holliday, Reyna,
Yang, & Toglia, 2011; Goodman et al., 2011; Howe, Candel, Otgaar, Malone, & Wimmer,
2010). In general, these studies have found that although recall measures show that neutral false
memories are more likely to develop than negative false memories, negative false memories are
easier falsely recognized than neutral false memories; a finding that has also been demonstrated
with suggestion-based false memories (e.g., Otgaar et al., 2008; Porter, Taylor, & ten Brinke,
2008). This finding has been explained in terms of better gist extraction (Brainerd et al., 2011) or
more rapid spreading activation through related nodes in an individual’s knowledge base (Howe
et al., 2008) for emotionally-negative and arousing material than neutral material. Hence, in the
present experiment, we presented 6-8-year-olds, 10-12-year-olds, and young adults with neutral,
emotionally-negative and positive videos to engender spontaneous false memories. Furthermore,
participants received neutral and negative DRM lists. Our prediction was that for both false
memory paradigms (video and DRM), false memories were easier recognized for the negative
than for the neutral material.
Method

Participants

A total of 90 participants were included in the current experiment with 30 6-8-year-olds
(mean age = 6.77, SD = 0.50; 12 boys), 30 10-12-year-olds (mean age = 10.97, SD =0.41; 12
boys), and 30 young adults (mean age = 20.97, SD = 1.99; 10 men). Children were recruited
from elementary schools from the south of the Netherlands. Parents provided written consent for

their children. All children were awarded with a small present for their participation. Adults were
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students from the Faculty of Psychology and Neuroscience, Maastricht University and received
course credits or a financial compensation (7.50 Eur) for their involvement. The study was
approved by the standing ethical committee of Faculty of Psychology and Neuroscience,
Maastricht University.

Materials

Video false memory paradigm. We used a video false memory paradigm that has been
constructed by Peters and colleagues (in press) and is built around the principles of the DRM
paradigm. Specifically, in the current study, participants were presented with three videos that
differed with regard to valence (i.e., emotional aspect of an event; negative, neutral, and
positive). Each video lasted for about 1.5 minutes. Themes and complexity of the videos were
based upon the following considerations: 1) universally familiar from personal experience
(human daily-life interactions), 2) easy to identify as theme, 3) detailed dynamic setting, and 4)
suitable for the emotional content. The negative video was about a street fight, the neutral video
referred to an electrician carrying out several tasks in a house, and the positive video depicted a
child’s birthday party.

To test whether children and adults experienced the videos as emotionally or not, we
conducted a pilot study with 5 7-year-olds (mean age = 7, SD = 0), 5 11/12-year-olds (mean age
=11.20, SD = 0.45), and 10 young adults (mean age = 22.70, SD = 4.57). They received the three
videos in a random order and had to provide valence ratings on a 5-point Likert scale (1 = very
negative, 3 = neutral, 5 = very positive) after witnessing each video. A 3 (Age: 7-year-olds,
11/12-year-olds, adults) x (Valence: Negative, neutral, positive) repeated measures ANOVA
yielded a significant main effect of VValence (F(2,34) = 33.91, p < .001, #?partial = .67). Post-hoc
tests using Bonferroni correction revealed that the three videos differed significantly from each
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0.44; see Peters et al. (in press) for similar findings with adult participants). All other effects did
not meet statistical significance (all Fs < 1, all ps > .05).

The recognition task was composed of 72 items. Specifically, it consisted of 12 “old”
presented items for each video (36 in total) with a corresponding contextual cue from the specific
video. Furthermore, 12 “new” nonpresented items for each video were included (36 in total) with
3 new unrelated items (e.g., fish in the street fight video) and 9 critical, related items (e.g., police
writing on a motor in the street fight video). These items were presented in a pseudo-random
order. Importantly, the critical items were stronger associatively related to the presented items
than the unrelated non-presented items (Peters et al., in press).

DRM paradigm. We used 5 neutral (bread, window, sweet, smoke, feet) and 5 negative
(murder, pain, punishment, death, cry) DRM word lists with each list containing 10 words. The
effectiveness of these lists in eliciting spontaneous false memories has already been
demonstrated in previous research (Howe et al., 2010; Otgaar & Candel, 2011; Otgaar et al.,
2012b). List items were chosen from the Dutch word association norms (Van Loon-Vervoorn &
Van Bekkum, 1991) and were presented in order of backward associative strength, from
strongest to weakest, in line with Howe et al. (2010) and Otgaar and Candel (2011). With
assistance of the CELEX lexical database (Baayen, Piepenbrock, & Gulikers, 1995), we made
sure that the mean word frequency of the neutral and emotional critical lures did not differ, t(8) =
0.22, ns. Also, the mean backward associative strength between the neutral list items and their
critical lure and the mean backward associative strength between the negative list items and their
critical lures did not differ, t(8) =1.69, ns. We presented the lists in a fixed random order. Words
were presented auditory via a computer. The 78-word recognition task was composed of 40
“old” presented words (four from each list), 10 critical lures, 10 associatively, related non-

presented words, and 18 unrelated nonpresented words.
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Design and Procedure

We used a 3 (Age: 6-8-year-olds, 10-12-year-olds, adults) x 3 (Valence: Negative,
neutral, positive) split-plot design with the latter being a within-subjects variable. The videos
were presented in a random order. The order of the presentation of DRM word lists and the
videos was counterbalanced.

At the start of the experiment, participants were informed that they participated in a
memory experiment. When participants received the videos, they were instructed to pay close
attention to the videos. After the presentation of the third video, participants received the
recognition task of the videos. They were asked to indicate whether they had seen a particular
item on a video by using the following sentence for each item: “Did you see [item] on the video
of the [name of the video]?”. The recognition task was presented by the experimenter. When
participants were presented with the DRM word lists, they were told to try to memorize the
words as good as possible. After this, the recognition task was presented by the experimenter. At
the end of the experiment, each participant was debriefed.

Results
Video false memory paradigm

True memory We conducted a 3 (Age: 6-8-year-olds, 10-12-year-olds, adults) x 3
(\Valence: Negative, neutral, positive) repeated measures ANOVA on the proportion true
recognition. No significant interaction emerged (F < 1, p >.05). We, however did find a
significant main effect of Age (F(2,87) =5.37, p < .01, #%pariar = .11). Post-hoc Bonferroni
analyses revealed that adults and the older children had significantly higher recognition levels
than the younger children (ps < .05; see Table 1). Adults and older children did, however, not
differ in their true recognition levels. A significant main effect of Valence was also detected

(F(2,174) = 10.38, p <.001, #%partial = .11) with post-hoc Bonferroni tests revealing the
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following. Participants had significantly higher true recognition levels for the positive and
neutral videos compared to the negative video (ps < .05). No differences were found between
true recognition levels of the positive and neutral video (p > .05).

False memory A repeated measures ANOVA on the proportion false recognition for the
critical items yielded the following results. No significant interaction emerged. We found a
significant main effect of Age (F(2,87) = 13.72, p <.001, #%parial = -24; see Table 1). Additional
post-hoc tests showed that the older and younger children were more likely to develop false
memories than the adult sample (ps < .05). The two child samples did not, however, differ
significantly. Our analysis also revealed a significant Valence effect (F(2,174) = 5.67, p < .01,
Hpartial = -06) with Bonferroni tests showing that neutral (p <.05) and positive false memories
(borderline significant; p = .06) were more likely to occur than negative false memories.
Participants did not differ in their susceptibility to false memories for the neutral or positive
videos (p = 1.00). With respect to the unrelated items, no significant effects emerged (all Fs <1,
ps > .05).

Net accuracy To examine how children and adults differed in their net accuracy scores
(true recognition/true + false recognition), we conducted a repeated measures ANOVA on the
accuracy scores (see Otgaar & Smeets, 2010). Because of a violation of sphericity (i.e.,
assumption that variances of the differences between data from the same participants are
equivalent), Greenhouse-Geisser correction analyses revealed a significant Age x Valence
interaction (F(3.59,156.32) = 2.80, p < .05, »%aria = .06). Simple effects analyses revealed the
following findings. Although net accuracy levels increased with age, we found that there was a
significant difference between the net accuracy scores for the different emotional videos only for

the 6-8-year-olds (F(2,58) = 4.03, p < .05, #?%parial = .12). That is, for the younger children, neutral
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net accuracy scores were borderline significantly lower than the negative accuracy scores (p =
.06). All other differences were not significant.
DRM paradigm

True memory A 3 (Age: 6-8-year-olds, 10-12-year-olds, adults) x 2 (Valence: Negative
vs. Neutral) repeated measures ANOVA was executed on the proportion true recognition. The
analyses showed a significant Age x Valence interaction (F(2,87) = 17.60, p <.001, »?partial =
.29). Extra simple effects showed that only for the negative true memories, there was not a
positive linear increase with age. That is, 10-12-year-olds and adults did not significantly differ
with respect to true recognition levels for the negative word lists (see Table 2). For the neutral
word lists, we did find that when getting older, true recognition levels increased linearly with age
(F(2,87) = 40.24, p < .001, »%partial = -48). Also, simple effects showed that the younger and older
children significantly recollected the negative words better than the neutral words (both ps <
.001) while for the adults this difference was not significant (p > .05).

False memory When we performed our analyses on the proportion false recognition of
the critical lures, our analyses showed a significant Age x Valence interaction (F(2,87) = 3.39, p
< .05, p%partial = .07). Simple effects showed that for both neutral and negative word lists, false
memories increased significantly with age with older children having significantly higher false
memory rates than younger children (p <.05). The 10-12-year-olds and adults, however, did not
differ in their propensity to false memories. Moreover, we found that for both child groups,
negative false memories were more easily elicited than neutral false memories (both ps < .05)
whereas for the adults, no significant differences emerged. An analysis on the related lures only
showed a significant main effect of Valence (F(1,87) = 14.31, p <.001, »%aria = .14) with
participants falsely assenting more to negative related lures (M = 0.22, SD = 0.19) than neutral

related lures (M = 0.13, SD = 0.19). For the unrelated items, we found a significant Age effect
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(F(2,87) = 3.24, p < .05, ypartial = .07). Post-hoc Bonferroni tests revealed that only the 6-8-year-
olds (M = 0.16, SD = 0.12) had marginally significantly higher unrelated scores than the adults
(M =0.09, SD = 0.08). All other effects did attain statistical significance (ps > .05).

Net accuracy A repeated measures ANOVA on the net accuracy scores did not detect a
significant interaction (F < 1, p >.05). A significant Age effect did emerge (F(2,87) =4.17,p <
.001, #2partiar = .09) with the 10-12-year-olds having significantly lower net accuracy scores than
adults (p <.05). All other differences did not meet conventional levels of significance.
Correlational analysis

Of particular interest was the assessment of whether different indexes of DRM false
memories (critical lures, (un)related lures) were related to video false memories (critical items,
unrelated items). Because we found developmental differences in false memory proneness for
the DRM and video false memories, Pearson’s correlations were computed between DRM and
video false memories for each age group separately. Intriguingly, for each group, we found
evidence that DRM illusions were related to false memories elicited by the video false memory
task. That is, for the 6-8-year-olds (r = .41, p <.05), 10-12-year-olds (r = .39, p <.05) and adults
(r =.37, p <.05), we found moderate to large positive correlation between the positive video
false memory rates for the critical items and the DRM unrelated scores. Furthermore, for the 10-
12-year old children, a significant correlation was evident between the neutral video false
memory rates for the critical items and neutral DRM related rates (r = .49, p <.01). Negative
video false memory rates for the critical items were also significantly related to negative DRM
critical (r =.37, p <.05) and related lures (r = .43, p <.05). Finally, for the adult sample, we
found that neutral video false memory rates for the critical items were significantly related to

DRM unrelated words (r = .61, p <.001). Moreover, our analysis revealed significant
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correlations between negative video false memory rates and negative DRM related lures (r = -
.39, p <.05) and neutral DRM related lures (r = -.38, p <.05).

A subsidiary aim was to examine correlations between true memories inferred from the
video false memory paradigm and the DRM paradigm. For each group, we found indications that
true memory levels in the video false memory paradigm were positively related to true memory
levels in the DRM paradigm. For the 6-8-year-olds (r = .49, p <.01) and the 10-12-year-olds (r =
.60, p <.001), we found positive correlations between negative video true memories and neutral
DRM true memories. Furthermore, adults’ neutral video true memories were positively related to
adults’ neutral DRM true memories (r = .44, p <.05).

Discussion

In the present study, we were interested in developmental trends of different types of
spontaneous false memories. This interest was catalyzed by recent studies showing that children
have lower spontaneous false memory levels than adults. This finding is called a developmental
reversal effect and counters the default assumption in the legal and memory field stating that
children are more susceptible to memory illusions than adults (Brainerd et al., 2008). Our study
examined whether this novel developmental trend would also appear in another type of
spontaneous false memories, namely, false memories that are elicited by a video memory
paradigm. Furthermore, a secondary purpose was to test how different types of spontaneous false
memories were related to each other and how emotional differences in stimulus material had an
effect on false memory rates.

It is important to stress that our idea behind using videos to evoke spontaneous false
memories was to include stimuli containing more obvious themes than simple DRM word lists.
So in a sense, our study examined differences between developmental trends of spontaneous

false memories of stimuli with obvious (i.e., videos) and less obvious (i.e., DRM word lists)
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themes. Interestingly, we found that when using such a video false memory paradigm to elicit
spontaneous false memories, both younger and older children had higher levels of spontaneous
false memories than adults, yet had lower net accuracy scores than adults. Although this effect
might seem in contrast to the literature on the developmental reversal effect, the effect is
anticipated by false memory theories as AAT (Howe et al., 2009). According to AAT,
developmental trends in spontaneous false memories might become attenuated or even reversed
when stimuli contain obvious underlying themes. These themes can result in a rapid associative
activation in one’s knowledge base that is more advantageous for children whose associative
activation processes are less well-developed than adults. As a consequence, spontaneous false
memory rates can become elevated in children and might even grow more extensively relative to
adults’ false memory rates.

This is exactly what we demonstrated in the present study. So, younger and older children
evinced higher false memory rates than adults when they received videos with obvious themes of
a street fight, birthday party, and an electrician. Furthermore, our findings fit perfectly with
recent research showing that when stimuli with obvious themes are employed, age patterns in
spontaneous false memories weaken or reverse (Howe & Wilkinson, 2011; Otgaar et al., 2012a;

Swanell & Dewhurst, in press). These studies show that stimuli such as story contexts and scene

like pictures are also capable of modifying developmental trends in spontaneous false memories.
Our study provides additional proof that themes might play a significant role in the formation of
false memories and that such themes can be readily identified in stimuli such as pictures (Otgaar
et al., 2012) and videos.

Furthermore, recent studies are increasingly using other paradigms to evoke spontaneous
false memories with the intention to understand the precise mechanisms and broaden the

robustness of these false memories (e.g., Lyons, Ghetti, & Cornoldi, 2010; Mirandola, Paparella,
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Ghetti, & Cornoldi, in press). For example, Mirandola and colleagues provided children with or
without ADHD symptoms with photographs depicting different scripts (e.g., eating in a
restaurant). During a recognition task, script-consistent, yet false information was incorporated.
Their results showed that this paradigm was effective in eliciting spontaneous false memories in
these children. Our video false memory paradigm falls nicely in this new research line of using
different spontaneous false memory paradigms.

We also found that when using the DRM paradigm, the standard developmental reversal
effect occurred with the older children and adults being more likely to produce false memories
than the younger children (Brainerd et al., 2008). As mentioned earlier, this effect is likely driven
either by increased gist processing (FTT) or faster and more automatic associative activation
(AAT) of adults relative to children. In both the video and DRM false memory paradigms, we
also replicated that true memories increased significantly with age (see Brainerd et al., 2008;
Otgaar et al., 2012a). However, only in the DRM paradigm was this increase in true memory
paralleled by an increase in false memory with age (Howe et al., 2009).

Our experiment also provided tentative data showing that on a general level, different
types of spontaneous false memories are related to each other. That is, we found for all ages that
several DRM indexes of false memory (critical lures, (un)related) were positively related to
indexes of spontaneous video false memories (but see some exceptions with adult data). These
data suggest that despite opposing developmental trends, different types of spontaneous false
memories share a common mechanism. This is corroborated with our finding showing that video
true memories were positively related to DRM true memories. There is even data showing that
DRM false memories are positively related to suggestion-based false memories (Otgaar et al.,

2012c; Qin et al., 2008), a result that is in accordance with the tenets of AAT.
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We also examined false memory differences with respect to varying emotional stimuli.
For the DRM paradigm, we replicated earlier findings (e.g., Howe et al., 2010) showing that
false recognition was higher for negative than for neutral material albeit not for adults who did
not differ in false recognition for negative and neutral material. Our result that negative word
lists were more likely to give rise to false memories than neutral word lists may be the result of
people being better able to extract the gist from negative experiences (FTT — Brainerd et al.,
2008) or because negative memories are stored in better integrated, semantically denser (hence
more readily and automatically activated) associative networks (AAT — Howe et al., 2010; see
also Talmi & Moscovitsch, 2004). So, based on AAT, spreading activation is more likely to
distribute faster through negative recollections thereby increasing the probability to develop
memory illusions.

However, we did not find that negative false memories were more easily induced than
other false memories (neutral, positive) in the video false memory paradigm. On the contrary,
both children and adults were less likely to form negative false memories than neutral or positive
false memories. How can we explain this finding? It is true that studies have found mixed results
with respect to the effect of emotion on false memory rates with some studies showing enhanced
neutral false recall relative to negative false recall (e.g., Otgaar et al., 2012b) and other studies
demonstrating increased negative false recognition relative to neutral false recognition (Howe et
al., 2010). However, in our video false memory paradigm, we used a recognition task to measure
false memories, so one would expect negative false memories to be more easily elicited than
neutral or positive false memories.

In our opinion, there are two explanations that might have merit in this regard. First, there
are studies showing that people are not likely to err when they are presented with unpleasant and

negative material that might stimulate embarrassing feelings (Bruck & Ceci, 1999; Saywitz,
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Goodman, Nicolas, & Moan, 1991; Schaaf, Alexander, & Goodman, 2008). Second and
relatedly, it is possible that our negative video about the street fight was much more distinctive
than the other videos thereby increasing item-specific processing. Research shows that
distinctive experiences reduce false memory rates (Hege & Dudson, 2004) because items are
better discriminated between each other thereby lowering chances that people falsely recognize
items. Future studies therefore should consider mapping the videos on dimensions such as
distinctiveness.

Our findings are relevant for the legal field. That is, a vast amount of studies have shown
that children are more likely to produce tainted memory reports than adults (Ceci & Bruck, 1993)
and that other things being equal, children’s memories are less reliable than adults’ memories
when suggestive manipulations are at work. The ultimate consequence of this finding is that to
date, legal professionals (police, lawyers, judges, etc.) operate under the assumption that in legal
cases in which there is a memory report of a child and an adult, adults’ statements are more
likely to be trusted than children’s (Brainerd et al., 2008). Furthermore, this finding has led to the
development of specific interview protocols for children, ones that stimulate the reporting of true
information, but reduce the possibility of errant reports (e.g., Lamb, Hershkowitz, Orbach, &
Esplin, 2008).

However, consistent with the current experiment, recent studies have shown that this
view concerning the nature of developmental trends in false memory in untenable (e.g., Otgaar et
al., 2012a). These studies show that spontaneous false memories show the opposite
developmental pattern. Importantly, this developmental pattern has been predicted by theories
such as FTT and AAT. There are even studies showing that under certain situations suggestion-
based false memories increase with age (Otgaar et al., 2012a). To be clear, AAT posits that

suggestibility effects that mainly develop because of social influences will follow an age-related
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decrease in false memories whereas suggestion-based false memories that arise as the result of
actual memory aberrations will show an age-related increase in false memories. The
consequence of these studies and the current study is that it is likely that we need to adopt a more
balanced view about the reliability of children’s and adults” memory.

Based on this research, we think it is imperative that researchers and legal professionals
alike be cognizant of the circumstances under which false memories increase or decrease with
age. Since spontaneous false memories are likely to occur in legal cases (Holliday, Reyna, &
Brainerd, 2008), it is crucial to understand which manipulations might foster or decrease the
development of false memories, especially those that may occur in interrogation settings. Based
on FTT and AAT, one could predict that questions that stimulate verbatim memory (“What kind
of knife was present?”’) would reduce false memories while questions that lead to more thematic
processing or spreading activation (“Which weapon was at the crime scene?”’) would increase
false memories (Pansky & Tenenboim, 2011).

Taken together, although our study has revealed different developmental trajectories for
different types of spontaneous false memories, these opposing trends were well articulated by the
assumptions of theme nodes of AAT. Specifically, we predicted that with help of obvious
themes, developmental patterns in spontaneous false memories can attenuate or reverse. Our
findings can elucidate which mechanisms underlie the development of false memories, yet are
also relevant for practical issues. In the end, unraveling practical questions such as the reliability

of testimonies will only succeed when these questions are grounded in sound theory.
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Table 1
Proportion true recognition, false recognition, and net accuracy as a function of age and valence
(standard deviations in parentheses)

6-8-year-olds 10-12-year-olds Adults

Neutral ~ Negative Positive Neutral Negative Positive Neutral Negative Positive

True 0.54 0.50 0.58 0.62 0.55 0.69 0.62 0.57 0.64
recognition  (0.18) (0.18) (0.16) (0.12) (0.13) (0.13) (0.16) (0.10) (0.18)
False 0.32 0.23 0.32 0.37 0.26 0.31 0.15 0.15 0.17
recognition  (0.17) (0.20) (0.18) (0.15) (0.14) (0.18) (0.17) (0.11) (0.16)
Net 0.64 0.74 0.67 0.64 0.69 0.71 0.84 0.81 0.82

accuracy  (0.15)  (0.19)  (0.14) 0.12)  (0.15)  (0.12) (0.15) (0.12)  (0.14)



Table 2
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Proportion true recognition, false recognition, and net accuracy as a function of age and valence

(standard deviations in parentheses)

6-8-year-olds

Neutral Negative
True recognition  0.41(0.19) 0.61(0.17)
False recognition  0.32 (0.18)  0.53 (0.24)

Net accuracy 0.59 (0.20) 0.56 (0.15)

10-12-year-olds
Neutral Negative
0.62(0.17)  0.76 (0.11)
0.62(0.33)  0.73(0.24)

053(0.16)  0.53(0.12)

Neutral
0.80 (0.12)
0.55 (0.31)

0.62 (0.17)

Adults
Negative
0.76 (0.12)
0.55 (0.29)

0.61 (0.16)



