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Abstract
Statements from witnesses of all ages may become the centrepiece of an
investigation. It is therefore important to examine developmental peculiarities that
play a role in eyewitness memory. Adolescents thus far received little attention in
eyewitness memory research and counter-intuitive developmental trends need to
be investigated in more forensically relevant contexts. The present dissertation
sought to address these research gaps by studying the malleability of developmental
trends in eyewitness memory (Part 1, Chapters 2 and 3). Moreover, new attempts to
improve witness recall are offered in Part 2 (Chapters 4 and 5). Participants in all
empirical studies either watched a mock-crime video or a staged event. In Chapter 2,
7-10-, 11-13-, 14-17-year-olds, and adults (N = 431) performed eyewitness
identifications from biased and unbiased lineups. Importantly, adolescents showed
an increased tendency to misidentify an innocent bystander as compared to
younger children and adults. In a set of 4 experiments with 6-12-year-olds and
adults (N = 399), Chapter 3 investigated developmental trends in participants who
were exposed to related but not presented details after the target event. This
meaning-related post-event misinformation led to a developmental reversal in which
younger children outperformed older participants. Chapter 4 tested if witnesses can
be protected from the negative effects of misinformation with immediate
questioning. Seven/eight-, 11/12-, 14/15-year-olds and adults (N = 220) answered
meaning or item-specific questions. Across ages, immediate questioning led to
retrieval-enhanced suggestibility. In Chapter 5, 7-10- and 14-17-year-olds and adults
(N = 158), listened to an unrelated account of a witness statement prior to providing
their own event recall. No beneficial value of a model statement was apparent
across ages. Using a case example, Chapter 6 elucidates the practical relevance of
research into developmental memory trends. Chapter 7 finally gives a synoptic
discussion in light of the introduction (Chapter 1) and presents preliminary data on
another way to facilitate event recall, rapport building. Six-ten- and 12-17-year-olds
(N = 228) were interviewed with different levels of intensity of rapport building. No
difference between conditions was found. Preliminary data from a vignette study
about developmental trends that was disseminated among 102 legal professionals is
also discussed. Taken together, this dissertation shows that developmental trends in
eyewitness memory are not invariant and that young children are not necessarily
inferior eyewitnesses as compared with older witnesses. It also adds to the
understanding of how adolescents perform relative to younger and older witnesses.
Finally, research into new attempts to improve eyewitness memory is encouraged.
Keywords: Child memory, adolescents, eyewitnesses, false memory

Sammanfattning (Swedish Summary)
Utsagor från vittnen i olika åldrar kan ha avgörande betydelse i utredningar. Det är
därför viktigt att undersöka utvecklingspsykologiska aspekter som kan spela roll för
vittnens minne. I tidigare vittnesforskning har tonåringar sällan studerats, och det är
viktigt att i mer rättsligt relevanta sammanhang undersöka åldersskillnader som går
emot förväntningarna. Föreliggande avhandling avsåg att avhjälpa dessa brister i
tidigare forskning genom att studera åldersskillnader i vittnens minnesprestation
(Del 1, kapitel 2 och 3). Dessutom görs nya försök att förbättra minnesprestation i
Del 2 (kapitel 4 och 5). Deltagarna i alla empiriska studier fick se ett iscensatt brott,
antingen på film eller live. I kapitel 2 fick 7-10-, 11-13-, 14-17-åringar samt vuxna (N
= 431) identifiera gärningspersonen i olika sammansättningar av
vittneskonfrontationer. I vittneskonfrontationer där en oskyldig åskådare var med,
och gärningspersonen saknades, pekade tonåringar oftare felaktigt ut en oskyldig
åskådare jämfört med yngre barn och vuxna. I en serie av 4 experiment med 6-12åringar och vuxna (N = 399), undersökte kapitel 3 åldersskillnader hos deltagare som
exponerades för detaljer som inte hade presenterats i målhändelsen, men som var
relaterade till händelsen. Denna meningsrelaterade missinformation ledde till en
motsatt åldersskillnad, d.v.s. att yngre barn presterade bättre än äldre deltagare.
Kapitel 4 undersökte om vittnen kan skyddas från de negativa effekterna av
missinformation genom en direkt utfrågning. Sju/åtta-, 11/12- 14/15-åringar samt
vuxna (N = 220) besvarade frågor antingen om orsaker eller om specifika detaljer om
händelsen. Direkt utfrågning ledde till en ökad suggestibilitet för alla åldersgrupper. I
kapitel 5 fick 7-10-åringar, 14-15-åringar och vuxna (N = 158) lyssna till en
vittnesutsaga som inte var relaterad till händelsen, innan de lämnade sin egen
berättelse om händelsen. Det fanns ingen fördel av en sådan modellutsaga för
någon av åldersgrupperna. Kapitel 6 använder ett fall för att illustrera den praktiska
relevansen av forskning om ålderstrender hos minnesförmågan. Slutligen erbjuder
kapitel 7 en sammanfattande diskussion i ljuset av introduktionen (kapitel 1) och
presenterar preliminära data om ett annat sätt att underlätta händelseminne; att
skapa en god atmosfär vid förhöret; så kallad rapport building. Sex- tioåringar och
12- 17åringar (N = 228) intervjuades med olika nivåer av rapport building. Ingen
skillnad mellan grupperna återfanns. Preliminära data från en vinjettstudie om
ålderskillnader som delats ut till 102 praktiker diskuteras också. Sammantaget visar
denna avhandling att åldersskillnader i vittnens minnesförmåga inte är entydiga, och
att unga barn inte nödvändigtvis är sämre vittnen än äldre barn. Avhandlingen bidrar
också till förståelsen av hur tonåringar presterar i förhållande till yngre och äldre
vittnen. Forskning kring nya sätt att förbättra vittnens minnesprestation
uppmuntras.

Zusammenfassung (German Summary)
Aussagen von Zeugen jeden Alters können von zentraler Bedeutung einer strafrechtlichen Ermittlung werden. Daher ist es unabdingbar, entwicklungsstufenspezifische
Besonderheiten, die eine Rolle im Zeugengedächtnis spielen, zu untersuchen. Die
Untersuchung des Zeugengedächtnisses von Jugendlichen hat zum jetzigen Zeitpunkt
noch wenig Beachtung gefunden. Ferner existieren zwar Hinweise auf kontraintuitive
Entwicklungsverläufe von Gedächtnisprozessen, diese bedürfen jedoch der näheren
Beleuchtung im forensischen Kontext. Die vorliegende Dissertation thematisierte
diese Forschungslücken, indem die Plastizität von Entwicklungsverläufen im
Zeugengedächtnis untersucht wurde (Abschnitt 1, Kapitel 2 und 3). Überdies werden
Bestrebungen zur Verbesserung des Erinnerungsabrufes in Abschnitt 2 vorgestellt
(Kapitel 4 und 5). Versuchspersonen aller empirischer Studien sahen entweder ein
Video oder eine Inszenierung eines vorgetäuschten Verbrechens. In Kapitel 2 wurden
7-10-, 11-13-, 14-17-Jährige und Erwachsene (N = 431) im Rahmen von verzerrten
und unverzerrten Wahlgegenüberstellungen gebeten, unterschiedliche Zielpersonen
zu identifizieren. Im Vergleich zu den jüngeren und erwachsenen Vergleichsgruppen
zeigten Jugendliche eine erhöhte Tendenz, einen unbeteiligten Dritten als Täter
fehlzubestimmen. Aufbauend auf vier Experimenten mit 6-12-Jährigen und
Erwachsenen (N = 399) stellt Kapitel 3 Entwicklungstrends in Versuchspersonen dar,
die in Verbindung stehende aber nicht präsentierte Details im Anschluss an das
gesehene Ereignis präsentiert bekamen. Diese sinnähnliche Fehlinformation führte zu
einem entgegengesetzten Entwicklungstrend, in dem jüngere Kinder besser
abschnitten als ältere Versuchspersonen. Kapitel 4 testete, ob Zeugen vor den
negativen Folgen durch Fehlinformationen geschützt werden können, indem ihnen
unmittelbar nach der Verbrechensdarstellung Fragen zum Ereignis gestellt werden.
Sieben/Acht-, 11/12-, 14/15-Jährige und Erwachsene (N = 220) beantworteten
Fragen, die entweder auf die Bedeutung der Szene oder auf spezifische Details
abzielten. Über alle Altersgruppen hinweg führten sofortige Fragen zu einer erhöhten
abrufinduzierten Suggestibilität. In Kapitel 5, hörten 7-10- und 14-17-Jährige sowie
Erwachsene (N = 158) eine exemplarische Zeugenaussage, die in keinem
Zusammenhang zum beobachteten Ereignis stand, bevor sie ihre eigene
Zeugenaussage machten. Es zeigte sich kein positiver Effekt dieser exemplarischen
Zeugenaussage über alle Altersgruppen hinweg. In Form einer Fallbeschreibung zeigt
Kapitel 6 die praktische Relevanz entwicklungspsychologischer Gedächtnisforschung
auf. Abschließend werden in Kapitel 7 die Kapitel mit Rückblick auf die Einleitung
(Kapitel 1) übergreifend diskutiert und vorläufige Daten zu einer weiteren Möglichkeit
zur Verbesserung des Erinnerungsabrufes, dem Etablieren einer positiven Beziehung
zum Befragten, dem sogenannten Aufbau von Rapport, vorgestellt. Sechs- bis Zehn-

und 12-17-Jährige (N = 228) wurden mit unterschiedlichen Intensitäten von Rapport
befragt. Es wurden keine Unterschiede zwischen den Gruppen gefunden. Vorläufige
Daten einer Vignettenstudie über Entwicklungstrends, die an 102 rechtliche
Fachleute verteilt wurde, werden zudem erörtert. Zusammenfassend zeigt diese
Promotionsarbeit, dass entwicklungsspezifische Trends im Zeugengedächtnis nicht
feststehend sind und dass jüngere Kinder nicht zwangsläufig minderwertigere Zeugen
als ältere Zeugen sind. Ferner wird darauf eingegangen, wie Jugendliche relativ zu
jüngeren und älteren Zeugen abschneiden. Abschließend wird skizziert, wie
weiterführende entwicklungspsychologische Forschung zur Verbesserung des
Zeugengedächtnisses beitragen kann.
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Chapter 1: General Introduction

This chapter is an adapted and combined version of the following papers:
Brackmann, N., Otgaar, H., Sauerland, M., & Merckelbach, H. (2015). Children are
poor witnesses. Or are they? In Mind, 24.
Otgaar, H., Howe, M. L., Brackmann, N., & Wang, J. (2017). When children are the
worst and best eyewitnesses: Factors behind the development of false
memory. In J. Ost & R.Nash (Eds.), False and distorted memories. Abingdon:
Psychology Press
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Chapter 1
On the evening of July 14, 2016, during the celebration of a national holiday, a
cargo truck deliberately drove into a huge crowd of people on the promenade of
Nice, France. The event was classified as a terrorist attack and 85 people were
eventually killed. During the attack, hundreds of eyewitnesses viewed the horrible
event. Children and adults were present and some of them were interviewed by the
media and police (Fischer, 2016). From a legal psychological perspective, such
eyewitness accounts provided by children and adults are relevant. In general, a core
issue when children and adults provide a statement about a (traumatic) event is
whether their statements are an accurate reflection of what they personally
witnessed. A problem for practitioners and legal experts arises when conflicting or
opposing statements are made by children and adults about the same event. It is
then to decide which account (child’s or adult’s) is more likely to reflect what
actually happened.
In criminal cases, it is important to decipher whether eyewitness statements are
accurate or not. Indeed, erroneous eyewitness statements can have severe
consequences, amongst which wrongful imprisonment and waste of resources. The
relevance of delineating eyewitness accounts is important because such accounts
often constitute the only piece of evidence in a police investigation or a trial (Ceci &
Bruck, 1993). Technical evidence, such as DNA samples, is frequently absent. Hence,
it is vital to know whether or not witnesses provide an accurate reflection of what
happened. One of the possible reasons for an inaccurate witness statement is that it
may have been infected by memory distortions, so-called false memories, that
influenced all of or details of the account (Loftus, 2005).
Comparing child witnesses with adult witnesses, the knee-jerk response among
many legal professionals is that children’s testimonial accuracy is inferior to that of
adults (e.g., Brainerd, Reyna, & Ceci, 2008). According to this view, children’s
memories function less optimally than adults’, making them more prone to false
memories. This default assumption has far-reaching effects on jurisdiction.
Specifically, when both an adult and a child provide a report of what purportedly
occurred, according to this view of developmental inferiority, more weight would be
placed on the statement of the adult. This assumption, which has been accepted by
many legal professionals and scientists, should, however, be revisited.
Recent evidence shows that under certain circumstances, the assumption of
children’s testimonial inferiority is untenable. In the past few years, there has been
an upsurge in new research on the reliability of children’s testimony (e.g., Brainerd,
2013), revealing not the vulnerability of children’s but adults’ memory. That is, in
this research line, a consistent pattern is that adults, and not children, are the most
susceptible to false memories. This developmental pattern has been dubbed
developmental reversal (Brainerd, 2013).
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General Introduction
The main focus of the current dissertation is on the vulnerabilities and strengths
of memory from a legal developmental perspective. This chapter focusses on
eyewitness testimonies and the possibility that they are contaminated with faulty
recollections. I will start with a short historical overview of early studies on children’s
testimony and legal cases involving child witnesses. These early findings led to the
conclusion that children’s eyewitness accounts can easily be infected with false
memories. Subsequently, I will discuss the formation of false memories about details
of an event by demonstrating that depending on certain factors derived from
theory, false memories may even increase with age. Recent experimentation will be
discussed indicating that forensically-relevant false memories follow an age-related
increase. Subsequently, I will discuss attempts to improve eyewitness recall in
different ages. Finally, after highlighting the importance to include adolescents, an
often-omitted age group in eyewitness memory research, an outline of the aims and
main objectives of the dissertation is put forward.

The Vulnerability of Children’s Memory
Early research has pointed out weaknesses in children’s memory and their
implications for the legal field (Ceci & Bruck, 1993; Goodman & Reed, 1986; Loftus,
2005). The underlying question was whether and under which circumstances
children are capable of giving an accurate report of what they have witnessed.
Among the first researchers who systematically and experimentally analysed
children’s memory in a way that has implications for the legal context were Binet
(1900) and Varendonck (1911) at the beginning of the twentieth century (as cited in
Ceci & Bruck, 1993. They found that the type of questioning has an influence on
children’s answers. Specifically, invitations to freely recall what had happened led to
the most accurate responses, whereas (mis)leading questions merely elicited
conformational answers (Binet, 1900). In Varendonck’s field study, 17 of 22 children
even reported details about an unknown suggested person. Subsequent studies
adapted the methods used by these pioneers. A review of studies published
between 1979 and 1992 focused on developmental changes in false memories
induced by external suggestive pressure (i.e., suggestion-induced false memories). In
this review, studies comparing the suggestibility of young children vs. older children
and adults found a decrease in the formation of suggestion-induced false memories
with age in 83% of the studies (Ceci & Bruck, 1993). Even though individual
differences exist, young children were generally found to be more vulnerable to
suggestive interviews and erroneous information than older children and adults
(Bruck & Ceci, 1999).
There are also other developmental changes leading to the opinion that children
are less valuable witnesses than adults. For example, children’s memory reports
tend to be shorter and include fewer details than those of older children and adults
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(e.g., Jack, Leov, & Zajac, 2014; Marin, Holmes, Guth, & Kovac, 1979). Children under
the age of six have difficulty to report their narratives in a complete and structured
manner (Nelson & Fivush, 2004). Thus, the younger the witness, the less elaborate
and coherent their account. This can be explained as developmental deficits in
communicative skills and autobiographical memory. In order to be a reliable
witness, the witness must be able to encode the event, retain the information, and
recall it at a later moment; abilities that mature with age.

Legal Cases Underpinning the Vulnerability of Children’s Memory
Research into the formation of children’s suggestion-induced false memories
was, among others, stimulated by legal cases in which the authenticity of children’s
testimony was questioned (e.g., Ceci & Bruck, 1993). Examples are the American day
care child sexual abuse cases of Kelly Michaels and the McMartin Preschool that
occurred in the late 1980s. Kelly Michaels worked in a nursery school in New Jersey
and was accused of having sexually abused 3- to 5-year-old children during her
working hours (Bruck & Ceci, 1995; Ceci & Bruck, 1993). The accusations were quite
bizarre ranging from children stating they had to eat her faeces and drink her urine,
to that she raped them with forks, spoons, knives, and Lego blocks. Although no
corroborating physical evidence could be obtained, she was sentenced in 1988 to 47
years in prison mainly based on flawed expert testimony claiming that the children
displayed “vague” signs of sexual abuse (Mason, 1995). As a result of the ongoing
scepticism on the authenticity of the children’s testimonies whose statements were
elicited in a suggestive manner (Bruck & Ceci, 1995), Kelly Michaels was released out
of prison after serving five years of her sentence.
In line with the Kelly Michaels case, teachers at the McMartin Preschool in Los
Angeles were accused of having sexually abused hundreds of children (Garven,
Wood, Malpass, & Shaw, 1998; Garven, Wood, & Malpass, 2000). Children were,
however, suggestively interviewed by social workers concerning the abuse. For
example, they were asked to “think hard” about what they remembered about
naked pictures even though they had previously denied the existence of such
pictures. After a yearlong trial, all charges were dropped because of lack of evidence
against the suspects and conflicting and impossible testimonies (Schreiber et al.,
2006). These two cases had in common that the interviews with the children were
conducted in a highly suggestive manner, merely suited to confirm the interviewers’
prevailing hypothesis of the factual occurrence of abuses, but not to obtain truthful
and accurate testimony (Schreiber et al., 2006). The interviewers in these cases used
different misleading techniques to question the children. These techniques included
(1) the introduction of new information that had not previously been mentioned by
the child witness, (2) positive reinforcement of answers that were in accordance
with police's prior expectations and beliefs of what had happened, (3) showing
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scepticism towards answers that were not in accordance with those prior
expectations and beliefs, (4) applying social pressure to elicit confirmatory answers
by referring to statements made by other children, and (5) invitations to speculate
about the alleged events (Schreiber et al., 2006).
Such cases did not occur exclusively in North America. In Germany, the Wormser
(1993 - 97) and the Montessori trials (1992 - 95) are notable examples of cases in
which children’s statements were likely the result of suggestive interviewing
techniques (Schade & Harschneck, 2000; Friedrichsen & Mauz, 1995). In Finland,
there is an ongoing trial about satanic sexual abuse based on child testimony that
contains several implausible details: a woman, Anneli Auer, who was acquitted of
having murdered her husband got accused by her children of having ritually abused
them (Santtila, 2016). These accusations evolved years after the alleged abuse and,
at that time, the woman was still on trial for her husband’s murder and negatively
portrayed by the media. In the Netherlands, the alleged ritual abuse of about 50
children between the ages of three to 11 by strangers in the city Oude Pekela was
highly debated (Jonker & Jonker-Bakker, 1997). A more recent case, the Galileo case
that took place in the Netherlands in 2009, revolves around the alleged sexual abuse
of 20 elementary school children by two teachers (Otgaar, de Ruiter, Howe,
Hoetmer, & van Reekum, 2016). In this case as well, several suggestive interventions
occurred which could have tainted children’s recollections.

Paradigms to Study Suggestion-Induced False Memories in Children
As a result of these daycare abuse cases, memory researchers have looked at
ways to show that children are easily swayed by suggestive pressure. In the false
memory literature, several paradigms have been developed to gain an in-depth
understanding of what causes memory distortions that may have such immense
legal implications as described in the previously reviewed cases. Among others,
these paradigms aim to study: (1) the consequences of misleading or incorrect
details (i.e., misinformation paradigm), (2) the proneness to incorporate completely
fictitious events as real ones (i.e., implantation paradigm), and (3) other memory
phenomena such as the influence of peers and authorities on false memory
propensity (i.e., rumour paradigm).
Misinformation paradigm. The misinformation paradigm, originally introduced by
Loftus, Miller, and Burns (1978), contains three phases: (1) participants are exposed
to or involved in an event (e.g., a slide show of a car accident), (2) they are
confronted with misinformation (a question suggesting that the car stopped in front
of a stop sign even though it was a yield sign), and (3) have to answer memory
questions during a final memory test concerning the content of the original event.
Research using this paradigm with child participants has tended to focus on
children’s susceptibility to suggestive questioning when the suggestion is repeated
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or when a person of authority delivers the suggestion. For example, in one study, 5year-old children received a vaccination from a paediatrician (Bruck, Ceci,
Francoeur, & Barr, 1995). Children were repeatedly interviewed about this visit one
year later. One group of children who were interviewed in a non-suggestive, neutral
manner provided accurate reports of the visit. However, children who were
interviewed suggestively using misinformation frequently falsely remembered
certain details (e.g., that a female researcher inoculated them instead of the male
paediatrician).
The influence of suggestion on children’s memory can also be more subtle. In a
study conducted by Poole and Lindsay (1995), 3-4-year-olds and 5-7-year-olds had
an individual interaction with Mr. Science; a person who demonstrated certain
“science facts” (e.g., that it is possible to blow up a balloon with a mixture of baking
soda and vinegar in a bottle) to children. Three months later, parents suggested to
some of the children details that did not occur during the Mr. Science event. Many
children erroneously remembered details that were not part of the original event.
Across studies using the misinformation paradigm, a significant minority of
participants incorporate the misinformation into their memory reports and develop
false memories.
Implantation paradigm. An extension of the misinformation paradigm is the false
memory implantation paradigm in which entire fictitious events are injected into
memory (Frenda, Nichols, & Loftus, 2011; Otgaar & Candel, 2011). Loftus and
Pickrell (1995) were the first to demonstrate the contaminating impact of
personalized suggestions on memory. In their study, adult participants were
suggestively told that they had been lost in a shopping mall when they were five
years old. Participants were asked what they could remember about this false event
during two suggestive interviews. A quarter of participants (n = 6) developed
implanted false memories for the suggested event and even provided additional
event-related details. In another seminal study, participants provided vivid and
detailed descriptions of a hot air balloon ride they actually never experienced in
response to the presentation of a manipulated photograph (see Figure 1.1; Wade,
Garry, Read, & Lindsay, 2002).
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Figure 1.1. Example of a manipulated picture that elicited a false memory from a hot air balloon ride.
Adapted from “A picture is worth a thousand lies: Using false photographs to create false childhood
memories” by K. A. Wade, M. Garry, J. D. Read, & D. S. Lindsay, 2002, Psychonomic Bulletin & Review, 9, p.
599. Copyright 2002 by Kimberley Wade. Reprinted with permission.

False memory implantation studies have also been undertaken using child
participants. For example, Ceci, Huffman, Smith, and Loftus (1994) presented
preschool children (3- to 6-year-olds) fictitious events suggesting that their hands
got stuck in a mousetrap or that they went on a hot air balloon ride. Children had to
try to recollect the events on several occasions. About a third of the children
eventually were confident that the fabricated stories truly happened to them. These
results show that children are highly vulnerable to the creation of implanted false
memories and that they can falsely assent to both negative (e.g., mousetrap) and
positive (e.g., hot air balloon ride) events (Ceci et al., 1994), and even highly
implausible events, such as an UFO-abduction (Otgaar, Candel, Merckelbach, &
Wade, 2009).
Other paradigms. Other paradigms that might lead to children’s false memories
include the rumour paradigm in which rumours are spread among children, which
might fuel false memories. The underlying rationale of this procedure is that in many
cases, children engage in “natural” conversations with their peers and during such
conversations, rumours might be transferred. Studies using this procedure had
children watch a magic show where the rabbit-out-of-hat-trick failed (see Principe &
Schindewolf, 2012, for an overview). The children were then assigned to different
groups, among which one group that overheard an adult conversation about why
the trick failed and how the rabbit escaped. This group and another group of their
classmates that had not overheard the adult conversation, but were able to talk to
the children who did, were the rumour groups. After a two-week-delay, their
statements were compared to a group that had actually witnessed a rabbit running
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around after the magic show. Intriguingly, groups did not differ in their reports of
having seen the loose rabbit with their own eyes (Principe, Kanaya, Ceci, & Singh,
2006). Thus, false memories might be due to children’s vulnerability to elaborate on
natural conversations and rumours.
Another procedure used to elicit socially-induced false memories is the memory
conformity paradigm (e.g., Gabbert, Memon, & Allan, 2003). During this procedure,
participants are unknowingly exposed to slightly different target events. As in the
rumour paradigm, they are then allowed to talk to each other about the event.
Studies employing this paradigm show that participants incorporate information
that was only present to the other party into their own account about the target
event they personally witnessed.

Theory on Suggestion-Induced False Memories
Source monitoring theory. An influential framework used to explain the
formation of suggestion-induced false memories is the source monitoring framework
(Johnson, Hashtroudi, & Lindsay, 1993). Source monitoring refers to the
mechanisms involved in making inferences about the origins of our memories. A
memory can stem, among others, from an own experience, overhearing someone
else’s account, imagining something, or watching something happen (e.g., on TV).
The source monitoring framework builds upon the reality monitoring framework
(Johnson & Raye, 1981) that more generally differentiates between self-generated
imagined memories and memories that stem from external experiences.
According to the source monitoring framework, memories from different
sources have different phenomenological characteristics. For example, memories for
experienced events contain more visual, spatial, auditory, temporal, and affective
information compared to memories based on imagination. False memories arise
when so-called source monitoring errors occur and people attribute incorrect
sources to their memories. For example, somebody reports having been involved in
a robbery, while in fact (s)he had only overheard it.

Developmental Trends in Suggestion-Induced False Memories
The ability to monitor the sources of memories improves with age and hence,
the source monitoring framework predicts developmental decreases in false
memories that are evoked by suggestive pressure (Johnson et al., 1993; Lindsay,
Johnson, & Kwon, 1991). This developmental trend is also supported by two seminal
reviews (Ceci & Bruck, 1993; Bruck & Ceci, 1999) summarising studies that mainly
support an age-related decrease in susceptibility to misleading information. Thus
children can be considered to be more prone to suggestion than adults (Loftus,
2005). The bottom-line message so far is that false memories are more prevalent
among children than adults and that hence, children’s testimonial accuracy is
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inferior to that of adults. However, developmental reversal effects (age-related
increases in false memories) challenge this supposed inferiority of children to make
credible statements. It even suggests that not children but adults are more
susceptible to certain false memories. To see how, we have to look at the strength
of children’s memory.

The Strength of Children’s Memory
To understand the strength of children’s memory, we have to delve into a
different type of false memory, namely spontaneous false memories. These emerge
without external influence and are caused by internal factors such as spreading
activation. A robust method to study spontaneous false memories is the Deese/
Roediger-McDermott (DRM)-paradigm (Deese, 1959; Roediger & McDermott, 1995).
In a typical DRM experiment, participants are instructed to study word lists. The
words are associatively related to each other (e.g., young, female, dolls, dress, cute,
hair) and are all linked to a missing critical related word (i.e., girl). During recall and
recognition tests, participants falsely recollect this critical word with rates
comparable to those of the presented words (Roediger, Watson, McDermott, &
Gallo, 2001).
The DRM paradigm has been used with both child and adult participants. One of
the principal reasons this paradigm has been used with children is that it addresses
developmental differences in spreading activation. The underlying theory (which will
be explained in the next section) proposes developmental increases, not decreases,
in false memory rates of the critical lure words (e.g., Brainerd et al., 2008; Brainerd,
Reyna, & Forrest, 2002; Howe, Wimmer, Gagnon, & Plumpton, 2009). Indeed, many
studies have now confirmed that false memories evoked by the DRM paradigm
show a developmental reversal (Brainerd, 2013). A finding that is of importance for
the legal field as it relates to autobiographical memory performance (Gallo, 2010)
and can be generalised to emotionally charged stimuli (Howe, Candel, Otgaar,
Malone, & Wimmer, 2010).
Besides the finding that children are less, not more susceptible to some type of
false memories than adults, research into the accuracy of children’s eyewitness
testimonies demonstrates the strengths of children’s memory. Field studies in which
objective evidence (e.g., photos, videos of abuse) was compared with children’s
reports showed that although children omit much information, the accuracy of their
statements is high (e.g., Leander, Christianson, & Granhag, 2007; Orbach & Lamb,
1999). For example, Bidrose and Goodman (2000) describe a unique case study
about child sexual abuse of four girls (age 8, 13, 14, and 15 at the time of the police
interviews) in which the ground truth was available in form of audio recordings and
pictures of the assaults committed by eight men that belonged to a sex ring.

9

1

Chapter 1
Comparing the children’s testimony with the objective evidence, 80% of the
allegations could be corroborated.

Theories on Spontaneous False Memories in Children
The developmental reversal effect has been predicted by two influential memory
theories called the Fuzzy-Trace Theory (FTT; Brainerd et al., 2008) and the
Associative-Activation Theory (AAT; Howe et al., 2009; Otgaar, Howe, Peters,
Smeets, & Moritz, 2014). Below, I will first provide a general elaboration about FTT
and AAT and then explicate how they explain developmental reversal effects in false
memories.
Fuzzy-Trace Theory. FTT postulates that the memory for an event is stored in two
distinct memory traces: (a) the verbatim trace and (b) the gist trace. The verbatim
trace captures specific details of an event. When seeing a knife for example (see
Figure 1.2), the verbatim memory trace could be “silver object with a blade and
black handle”. Additionally, the gist of an event which includes the underlying
meaning of an experience is automatically extracted. Consequently, the presence of
a weapon is stored as the gist representation. The longer the delay between
encoding and retrieval is, the more people rely on gist information. If specific
verbatim information has to be remembered, it can happen that this information is
no longer available to be retrieved. Thus, false memories occur when gist
representation leads to erroneous inferences. For example, for the question “How
did the thief threaten the victim?” reliance on the gist might lead to the erroneous
answer “with a pistol”.

Figure 1.2. Picture of a knife to illustrate the difference between verbatim and gist information.
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Associative-Activation Theory. Another important false memory theory builds on
the concept of spreading activation to explain the formation of false memories. The
basic tenet of AAT is that false memories are caused by relying on associative
activation spreading throughout someone’s knowledge base. A knowledge base
contains nodes representing parts of information and experiences. When these
nodes are activated, they will – depending on the strength of the link – activate
other nodes as well. According to AAT, false memories are the result of nodes
(especially nodes representing themes: general subset of concepts) being incorrectly
activated. In the aforementioned example illustrated in Figure 1.2, the memory of a
weapon could have activated weapon-related theme nodes whose links to other
weapons (e.g., pistol) that were not present could have led the witness to falsely
remember that the thief had threatened the victim with a pistol.

Developmental Trends in Spontaneous False Memories in Children
One of the basic factors of developmental reversal in spontaneous false
memories are developmental differences in knowledge base and the consequence
of these differences on false memory generation. Specifically, FTT stipulates that the
ability to extract the gist from experienced events serves as the major component of
the developmental reversal effect (Brainerd et al., 2008). When children become
older, the ability to extract the gist or underlying meaning of events improves
(Reyna & Kiernan, 1994). Also, because verbatim traces fade faster than gist traces,
people rely more frequently on gist traces. The net effect of this is that when
focusing on the meaning of events, false memories can dramatically increase with
age.
The idea of extracting the underlying meaning of an event is closely linked to
claims expressed in AAT regarding automatic associative activation in one’s
knowledge base (Howe, 2011; Howe et al., 2009; Otgaar et al., 2014). According to
AAT, children have acquired less experience and knowledge about the world than
adults and hence, are less likely to produce spontaneous false memories because
their knowledge base (i.e., schematic knowledge) is more poorly organized and less
well integrated and interconnected than adults’. Furthermore, AAT proposes that
associative activation running through a knowledge base becomes more automatic
and spreads faster across development in childhood and adolescence. This
ultimately means that throughout development, increases in speed and
automaticity of spreading activation also enhances the chances that nodes of nonpresented information are incorrectly activated. Such erroneous links can form the
basis for constructing spontaneous false memories.
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Attempts to Improve Eyewitness Recall in Different Ages
So far I have concentrated on circumstances under which erroneous recollection
may come about, but it is equally important to seek for ways to overcome these
faults and to improve correct recall of a witnessed event in general. This is especially
relevant for child witnesses who often fail to disclose important critical details
(Goodman-Brown, Edelstein, Groodman, Jones, & Gordon, 2003) and where aids
such as anatomically-detailed dolls or human figure drawings (Otgaar, Horselenberg,
Kampen, & Lalleman, 2012; Poole, Bruck, & Pipe, 2011) have not been successful to
elicit accurate statements. One technique that sets out to put the interviewee at
ease and purportedly increases his/her likelihood to disclose information is rapport
building. Although most modern interview guidelines recommend building rapport
with the interviewee - see for example two well-evaluated structured interview
protocols (1) the National Institute of Child Health and Human Development
Investigative Interviewing (NICHD) Protocol for children (Lamb, Hershkowitz,
Orbach, & Esplin, 2008) and (2) the Cognitive Interview (Fisher & Geiselman, 1992)
for adults - only few experimental studies have tested the proposed beneficial value
of rapport building on memory retrieval. This research gap was recently stressed in
an exhaustive literature review (Saywitz, Larson, Hobbs, & Wells, 2015).
Putting a witness at ease with the interview situation, and creating rapport, is an
essential part of interview guidelines developed in an attempt to elicit accurate and
complete reports about potentially stressful events. However, evidence on the
specific components and time required to establish rapport is lacking (e.g., Larsson
& Lamb, 2009). According to a recent survey, practitioners agree that rapport refers
to establishing a positive relationship between interviewer and interviewee through
both verbal (e.g., discussing neutral events not related to the target event) and nonverbal components (e.g., showing empathy; Vallano, Evans, Schreiber Compo, &
Kieckhaefer, 2015). In adults, beneficial effects on witness statements have
experimentally been shown for open rapport building questions that convey interest
into non-related events (Vallano & Schreiber Compo, 2011) and for friendly, relaxed
interviewers who addressed the interviewee by name (Collins, Lincoln, & Frank,
2002). In children, better eyewitness performance was detected after giving them
the opportunity to practice giving an unrelated statement about a freely chosen
event (Brown et al., 2013; Hardy & van Leeuwen, 2004; Price, Ahern, & Lamb, 2016;
Roberts, Lamb, & Sternberg, 2004) and after being interviewed by a supportive and
casually dressed interviewer who maintained eye-contact and provided positive
verbal feedback, compared to an interviewer who acted neutral and did not provide
any verbal or non-verbal positive feedback (Rush, Quas, Yim, Nikolayev, Clark, &
Larson, 2013). The proposed mechanisms by which rapport building facilitates
eyewitness testimonies are unclear. Rapport building may have a positive effect by
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increasing interviewee’s motivation to perform well and by facilitating memory
retrieval by bringing the witness into a talkative mood at an early point of the dyadic
interaction (e.g., Vrij, Hope, & Fisher, 2014).
These proposed beneficial mechanisms may, however, also account for
detrimental effects of rapport building for reporting target information found in
other studies. For example, questions that targeted neutral information about
children’s lives and longer duration spent for the rapport building phase have also
been shown to lead to less informative accounts in young children (Teoh & Lamb,
2010). A proposed reason for the negative effect of rapport building is that a lengthy
and cognitively demanding rapport phase interferes with interviewees’ attention
span and may therefore lead to a diminished account of the target event later on
(Daviesl, Westcott, & Horan, 2000). That is, a rapport building phase that lasted
more than eight minutes resulted in less informative accounts than a shorter
rapport building phase (Daviesl et al., 2000). Likewise, an extensive rapport building
phase might lead to acquiescing behaviour to please the interviewer and therefore
to less accurate reports (Saywitz et al., 2015). Indeed, Wright, Nash, and Wade
(2015) recently found that when adults were interviewed by a friendly interested
interviewer, which could be considered as extensive rapport building, they more
readily falsely corroborated a co-participant to have cheated than when interviewed
by a cold uncommunicative interviewer. Given the scarcity of experimental studies
and the conflicting results, more research is necessary about the effects of rapport
building on memory performance, especially from a developmental angle. Rapport
building has the potential to be a useful tool in the attempt to improve eyewitness
recall, but empirical evidence on the specific components and limitations is needed.
Another factor whose effect on delayed memory performance has not yet been
sufficiently established is immediate questioning after having witnessed an event. It
is quite common that eyewitnesses talk and ask questions to each other
immediately after the witnessed event. Also emergency staff (police, paramedics,
etc.) arriving at the crime scene may ask general questions about the witnessed
event before the formal interview is scheduled in the police station. In the
meantime, witnesses might be exposed to erroneous information (e.g., by cowitnesses). Although a beneficial effect of immediate questions on correct recall is
an established finding in the educational context (see Roediger and Karpicke, 2006,
for a review about the testing effect), little is known about the eyewitness context
and witnesses’ propensity to incorporate post-event misinformation after being
immediately questioned on their memories.
On the one hand, immediate questions may preserve memory and inoculate
against misinformation, but on the other hand, they may also amplify the likelihood
of falling prey to misleading information due to contradictions of the fresh and
potentially malleable memory trace. Research thus far has found support for the
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inoculation effect (e.g., Pansky & Tenenboim, 2011; Wang, Paterson, & Kemp, 2014)
as well as retrieval-enhanced suggestibility (e.g., Chan & Langley, 2011; Chan &
LaPaglia, 2011; Gordon & Thomas, 2014; Wilford, Chan, & Tuhn, 2014) caused by
immediate testing. More specifically, Pansky and Tenenboim’s study showed that
asking in-depth questions about a target event guarded participants against
subsequent misinformation. By contrast, Chan and colleagues demonstrated in
several experiments not a memory strengthening, but a memory impairing effect of
initial recall tests on false memory rates. It remains imperative to disentangle the
mechanisms that underlie these seemingly conflicting findings.
While rapport building and immediate questions are already used during
eyewitness interviewing contexts (but without sufficient empirical substantiation),
another way to improve eyewitness recall is to assist witnesses in recalling an event
by, for example, highlighting to them the kind of information that they should recall.
One promising tool can be derived from the deception detection literature. Here, a
pre-recorded statement of a witness about an unrelated event, a model statement,
was played aloud to the interviewees before they had to give their own account
(Leal, Vrij, Warmelink, Vernham, & Fisher, 2013). This approach resulted in more
elaborate statements compared to a control group that did not listen to a model
statement. Likewise, interviewees also produced longer statements after reading a
model statement compared to a no-model statement group (Bogaard, Meijer, & Vrij,
2014). The proposed underlying mechanism is that interviewees understand what is
expected from them and this enables them to map the demonstrated characteristics
(e.g., to give a detailed statement and to indicate knowledge gaps) to their own
account. It is, however, not known if these findings only pertain to the deception
detection context in which interviewees are suspected of a crime and thus
motivated to appear trustworthy, or if these findings can be generalized to the
eyewitness context and to participants of different ages.

An Understudied Sample in Eyewitness Memory Research:
Adolescents
Reviewing the literature on developmental trends in eyewitness memory, it is
clear that research has specifically focused on developmental differences between
children and adults. For example, a meta-analytic review of the Cognitive Interview
only differentiated between participants older and younger than the age of 14
(Köhnken, Milne, Memon, & Bull, 1999). Similarly, a more recent meta-analysis on
the Cognitive Interview quite globally differentiated between children, younger and
older adults. Research into the NICHD, a protocol for interviewing child witnesses,
focuses on children under the age of 13 (see Lamb, Orbach, Hershkowitz, Esplin, &
Horowitz, 2007, for a review). Also the earlier mentioned review on developmental
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reversal almost solely reports studies that compare children younger than 11 years
and sometimes these age groups are compared with adults (Brainerd et al., 2008).
Only a few studies looked at older children, the maximum age being 14. A group
that rarely receives empirical attention in the eyewitness domain concerns
adolescents (Fitzgerald & Price, 2015). This is problematic because adolescents form
a unique age group with distinct characteristics in memory and social development
(Jack et al., 2014).
Even though adolescents have been a focus of neuropsychologists in the past
decades (see Arain et al., 2013 and Casey, Jones, & Hare, 2008, for reviews),
adolescents only recently caught the attention of legal psychologists and memory
experts (e.g., Jack et al., 2013; McGuire, London, & Wright, 2015). The maturation of
the adolescent brain undergoes considerable developmental changes in the limbic
system, which is associated with reactivity to emotional stimuli, and the prefrontal
cortex, which is associated with impulse control; processes that are both of high
relevance for the legal arena as these processes may not only influence how
adolescents behave in social interactions such as police interviews, but also
influence adolescents’ propensity to legally relevant memory errors. Supporting this
view, legal practitioners have pointed out that adolescents are a particularly
challenging group when it comes to witness interviews (Collins, Doherty-Sneddon, &
Doherty, 2014). They are often reluctant to talk to police officers that try to build
rapport with them and sometimes only disclose little information voluntarily. Their
behaviour seems to be guided by emotional arousal and scepticism. No study thus
far tested empirically if adolescents’ tendency to recall information really differs as a
function of interviewers support. In addition to these social particularities,
adolescents’ memory storage, especially in stressful and emotional situations such
as witnessing a crime, may diverge from that of children and adults (Quas et al.,
2016). McGuire and colleagues (2015) recently investigated developmental trends in
false memories with a specific focus on adolescents. Spontaneous false memory
rates assessed with the DRM-paradigm increased with age. This indicates that
developmental reversal can be generalized to the adolescent age group. It remains
unclear how this age-related increase in meaning-based spontaneous false
memories interplays with adolescents’ emotion-driven responses to stressful
situations in forensically relevant eyewitness memory tasks.

Aims and Outline of Dissertation
This dissertation is divided into three parts. Part 1 establishes the flexibility of
developmental trends in eyewitness memory. In Part 2, empirical attempts to improve
eyewitness memory are discussed. Part 3 then describes the practical relevance of
research on developmental trends in eyewitness memory. The thesis is finalized with a
summarising discussion of the implications of the findings. An overarching aim of the
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present dissertation is to include adolescents in all studies on developmental trends in
eyewitness memory. Research on the eyewitness accounts of adolescents is generally
lacking. This also pertains for research on developmental reversals. The aim is therefore
to assess whether adolescents’ performance more resembles that of children or more
that of adults or whether unique memory phenomena are at play.

Part 1: Flexibility of Developmental Trends in Eyewitness Memory
The first two chapters focus on developmental trends in eyewitness memory.
Earlier research into developmental reversals was mainly theory-driven and tested
the basic underlying mechanisms, and hence research is needed to show if these
findings are robust even in forensically relevant conditions. In Chapter 2, I present a
study that examined developmental trends in eyewitness identification. More
specifically, we tested if a developmental reversal is present in bystander
misidentifications. This was proposed by Ross and colleagues (2006) who found that
11-12-year-olds were more likely than 5-10-year-olds to select an innocent
bystander from a lineup if this person was previously seen in a target event. Such a
bystander misidentification may be due to erroneous inferences about a person’s
identity. This, in turn, has the contours of a practical example of a spontaneous false
memory. In Chapter 3, a synopsis is presented of four experiments that show that
developmental trends can even be flipped in the misinformation paradigm.

Part 2: Attempts to Improve Eyewitness Recall in Different Ages
The studies presented in Part 2 have in common that ways are tested to improve
eyewitness memory in different ages. In Chapter 4, the influence of immediate
questions on later memory retrieval is investigated. More specifically, we test a
factor that may disentangle the mechanisms that underlie the inoculation effect and
test-enhanced suggestibility. The last chapter of part 2, Chapter 5, investigates
whether providing eyewitnesses with a model statement can improve witness recall.

Part 3: Practical Relevance
In Chapter 6, a legal case is outlined that illustrates the necessity to request
expert witness testimony in legal cases with child witnesses.

Chapter 7: General Discussion
Chapter 7 discusses the outcomes of the empirical studies (chapters 2-5) in light of
the introduction (chapter 1) and its practical relevance (chapter 6). It also includes
preliminary data from a study on rapport building (“(How) Does current praxis work to
improve eyewitness recall?”) as another attempt to improve eyewitness recall (see part
2) and data from a vignette/survey study (“knowledge of practitioners”, see part 3) that
was distributed among legal professionals in Sweden, Norway, and the Netherlands.
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Abstract
We tested developmental trends in eyewitness identification in biased and unbiased
lineups. Our main interest was adolescent’s lineup performance compared to
children and adults. Seven-to-ten-, 11-13-, 14-17-year-olds, and adults (N=431)
watched a wallet-theft-video and subsequently identified the thief, victim, and
witness from simultaneous target-present and -absent 6-person-photo-lineups. The
thief-absent lineup included a bystander previously seen in thief-proximity. Research
on unconscious transference suggested a selection bias towards the bystander in
adults and 11-12-year-olds, but not in younger children. Confirming our hypothesis,
adolescents were more prone to bystander bias than all other age groups. This may
be due to adolescents making more inferential errors than children, as predicted by
Fuzzy-Trace and Associative-Activation Theory, combined with lower inhibition
control in adolescents compared to adults. We also replicated a clothing bias for all
age groups and age-related performance differences in our unbiased lineups.
Consistent with previous findings, participants were generally overconfident in their
decisions, even though confidence was a better predictor of accuracy in older
compared to younger participants. With this study, we show that adolescents have
an increased tendency to misidentify an innocent bystander. Continued efforts are
needed to disentangle how adolescents in comparison to other age groups perform
in forensically relevant situations.
Keywords: Identification performance, unconscious transference, child
witnesses, adolescent witnesses, clothing bias, confidence-accuracy relationship
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Developmental Trends in Lineup Performance: Adolescents
are More Prone to Innocent Bystander Misidentifications
than Children and Adults
Developmental differences in eyewitness memory oftentimes play a critical role
in police investigations, when conflicting statements are given by witnesses of
different ages. In the realm of evaluating witnesses’ credibility, young children’s
eyewitness memory is often deemed inferior to that of older witnesses (e.g., Bruck
& Ceci, 1999). For eyewitness identification performance, we know that children,
compared to adults, are either equally or less likely to correctly select a target from
a target-present lineup, but are consistently less likely to correctly reject a lineup
that does not include the culprit (see the two meta-analyses about age effects in
identification performance by Fitzgerald & Price, 2015, and Pozzulo & Lindsay,
1998). A more liberal response criterion has been suggested as the mechanism
underlying this increased tendency to choose an innocent individual from targetabsent lineups in younger children, possibly combined with a stronger tendency to
guess, compared to older children and adults (e.g., Fitzgerald & Price, 2015).
In real-life police investigations, lineups generally include an individual the police
suspects to be the culprit of the crime. The police may investigate the actual
perpetrator (resulting in a target-present lineup) or mistakenly investigate an
innocent individual (resulting in a target-absent lineup). Ideally, the witness would
correctly reject a lineup that includes an innocent suspect. Age is one factor that can
influence the rate at which innocent individuals are selected. Another impact factor
concerns previous exposure to an innocent individual. Deffenbacher, Bornstein, and
Penrod (2006) analyzed this effect in adults in a seminal meta-analysis. Selection
rates of innocent individuals were found to be higher, if they had been seen in a
mugshot array that preceded the lineup or during the event itself as a bystander.
This type of misidentification is called unconscious transference or misidentification
of a familiar bystander and can be studied with two different experimental designs:
either (1) all participants view the bystander in a target-event and subsequently the
selection rate of the innocent bystander is compared to the selection rate of other
(unfamiliar) foils or (2) only half of the participants view a target-event with the
bystander present and their selection rate of the innocent bystander is compared to
the control participants who have not previously seen the innocent bystander. The
mechanism underlying this effect may be that witnesses wrongly assume that the
bystander and culprit are the same person. The mere presence of a familiar person
in a simultaneous lineup may therefore increase the chance of his or her
(erroneous) identification as the culprit.
Even though age effects are known to affect correct rejection rates, developmental research on innocent bystander misidentifications, which constitutes a
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special type of misidentification error, is lacking. One exception is a study by Ross
and colleagues (2006) who compared bystander misidentifications in five- to 12year-olds. In this study, participants viewed one of two theft-videos. The videos
differed in only one scene in which either a woman read to school children (control
condition) or a man (the bystander) who had a similar appearance as the thief. Only
the 11-12-year-olds and not the five- to 10-year-olds who had seen the bystander in
the video were more likely to erroneously select the bystander from a lineup with
four foils compared to the age matched control participants who had not previously
seen the bystander. Therefore a bystander bias was only apparent in the older
children of 11-12-year-olds.
To sum up, bystander misidentifications have previously been studied in adults
(e.g., Read, Tollestrup, Hammersley, McFadzen, & Christensen, 1990; Ross, Ceci,
Dunning, & Toglia, 1994) and in younger children (Ross et al., 2006). However, to
our knowledge, no study has looked at bystander misidentifications in adolescents
thus far. One important aim of the current study is to examine developmental
trends in bystander misidentifications. The reason to focus on adolescents is a
proposed likelihood of adolescents (people between age 14 - 16) to make inferential
errors that, in combination with a lack of executive functioning, makes them
perform differently than younger children (younger than 10), older children (age 1113), and adults (as will be outlined below). The dearth of research on adolescent’s
eyewitness memory and identification performance not only pertains to the
bystander misidentification effect, but is a more general absence of research in the
field of eyewitness memory that scholars have recently pointed out (Fitzgerald &
Price, 2015; Jack, Leov, & Zajac, 2013) and have begun to challenge (McGuire,
London, & Wright, 2015). For instance, Fitzgerald and Price could not compare
adolescents with other age groups in their meta-analysis, because there were only
three studies that included this age group. Also other meta-analyses on eyewitness
memory did either only focus on adults (Deffenbacher et al., 2006; Fitzgerald, Price,
Oriet, & Charman, 2013; Sporer, Penrod, Read, & Cutler, 1995), or, if developmental
trends were analyzed, they did not include a comparison of adolescents with other
age groups (Blank & Launay, 2014; Deffenbacher, Bornstein, Penrod, & McGorty,
2004; Köhnken, Milne, Memon, & Bull, 2008; Memon, Meissner, & Fraser, 2010;
Pozzulo & Lindsay, 1998; Shapiro & Penrod, 1986; Steblay, Dysart, Fulero, & Lindsay,
2001). It is thus not only relevant to examine developmental specificities in
bystander misidentifications, but also in eyewitness identification performance in
general. Hence, our second aim is to compare developmental trends among
children, adolescents, and adults in fair lineups that do not include an innocent
bystander and bear best-practice lineup construction advices in mind (viz., Wells et
al., 1998).
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Examining adolescents is important because adolescents form a unique age
group whose brain and social maturation is under development (see also Jack et al.,
2013). More specifically, the prefrontal cortex that is associated with executive
control processes develops until roughly age 16 (Luciana, Conklin, Hooper, & Yarger,
2005) and neural circuits that allow to inhibit a prepotent response also undergo
developmental changes throughout adolescence (Stevens, Kiehl, Pearlson, &
Calhoun, 2007). Both processes are linked to metacognitive performance and the
tendency to correct an error (Fernandez-Duque, Baird, & Posner, 2000). These
developmental changes may affect individuals’ behavior in forensically relevant
situations, including eyewitness identifications, leading to result patterns that differ
from children and/or adults. For example, Grisso and colleagues (2003)
demonstrated a shift in compliance to legal authorities between the age of 14/15
years and 16/17 years in a vignette study. The former were as likely as children to
comply with authority figures (police, attorneys, etc.), while the latter’s tendency to
do so was comparable to adults.
Theories that predict developmental differences in eyewitness memory such as
lineup performance include Fuzzy-Trace Theory (Brainerd, Reyna, & Ceci, 2008) and
Associative-Activation Theory (Howe, Wimmer, Gagnon, & Plumpton, 2009; Otgaar,
Howe, Peters, Smeets, & Moritz, 2014). Both predict older children (e.g., 11/12year-olds) and adults to be more likely than younger children (e.g., 7/8-year-olds) to
make memory errors that are due to the retrieval of gist or relational information.
This developmental memory effect also known as developmental reversal occurs
because older children and adults have a more developed and dense knowledge
base. Specifically, when children get older, they acquire more knowledge through
experience and learning which results in a more integrated and interrelated
knowledge base. The result of this developmental improvement is that during
encoding, associative activation is stronger and spreads faster to related concepts.
During this spreading activation, incorrect associations can be made and hence,
when such activation is stronger and more rapid more incorrect associations arise.
Furthermore, when getting older, the gist or meaning of events is more easily
retrieved leading to amplified false memories. The misidentification of an innocent
bystander might qualify as such an inferential memory error. Because children,
compared to adults, make less automatic associations in their knowledge base, this
may affect the unconscious transference effect. That is, the older participants get
the more inferential errors they make, because more and faster correct and
incorrect associations will be made in their knowledge base (Howe et al., 2009). This
should be reflected in an age-related decrease in bystander misidentifications (see
also Ross et al., 2006). Such an age increase was found in the aforementioned study
by Ross and colleagues (2006) in which their oldest age group (11/12-year-olds), but
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not the younger age groups (5- to 10-year-olds) fell prey to the unconscious
transference error.
The linear developmental trend of an age increase in inferential errors has
recently also been extended to adolescents (McGuire et al., 2015; Quas et al., 2016)
though not yet been tested in an eyewitness context such as lineup performance. In
addition to that, it is well known that adolescents are more prone to riskier decision
making than adults because they may not see the long-term consequences of their
actions (Gardner & Steinberg, 2005). This is also in line with the brain maturation
studies on inhibition control (Stevens et al., 2007). This tendency to risky and liberal
decision making, in combination with a tendency to make inferential errors, may
elevate adolescent’s propensity to bystander misidentification errors. To test this in
the current study, participants watched a wallet theft video that showed the actual
thief, the victim, an innocent bystander, and a witness. We hypothesized that when
confronted with a bystander-present lineup that does not contain the actual target,
adolescents perform worse than children and adults, because of greater proneness
to inferential errors as predicted by Fuzzy-Trace and Associative-Activation Theory,
and limited top-down control processes involved in inhibition control as derived
from studies on brain maturation. Adolescents should have the highest bystander
misidentification rate compared to the other age groups due to a propensity to
inferential errors (McGuire et al., 2015), riskier and more liberal decision making
processes (e.g., Gardner & Steinberg, 2005), and reduced inhibition control to
withhold an answer (Stevens et al., 2007).
The latter two mechanisms should also affect developmental trends in
identification performance on a more global level. To investigate this, participants
were also presented with a thief-present lineup and target-present or -absent
lineups concerning the victim and witness. These lineups did not include an innocent
bystander, but tried to capture general developmental differences in the ability to
make a correct lineup decision from unbiased lineups. For children and adults, we
expected to replicate previous findings, namely age increases in lineup performance
for target/thief-present1 (Fitzgerald & Price, 2015) and -absent lineups (Fitzgerald &
Price, 2015; Pozzulo & Lindsay, 1998). For adolescents, again, research is lacking to
make firm predictions. In line with the outlined risky decision making behavior, we
expected an increased tendency to select a person from the lineups.
For exploratory purposes, we also obtained confidence ratings for all lineup
decisions. While confidence judgements are predictive of identification performance
1

Note that the prediction about target-present lineup performance is based on the recent meta-analysis
by Fitzgerald & Price (2015). This deviates from the previous expectation of no age-related performance
differences in target-present lineups, which were based on an earlier meta-analysis (Pozzulo & Lindsay,
1998).
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for adults’ selections (but no rejections, see Sauerland & Sporer, 2009; Sporer et al.,
1995; Weber & Brewer, 2004; Wixted, Read, & Lindsay, 2016), this does not seem to
be the case for children (Brewer & Day, 2005; Keast, Brewer, & Wells, 2007).
Specifically, children display overconfidence in their positive identification decisions.
Again, knowledge is lacking about the confidence-accuracy relationship in
adolescents (but see Brewer & Day, 2005, for a comparison between children and
adolescents in target-present lineups). We can only speculate that the tendency to
impulse-driven answers in adolescents (Stevens et al., 2007) may result in
overconfidence and hence a weaker confidence-accuracy relationship that is more
comparable to that of children. This would also be in line with the link between
prefrontal cortex maturation (which is still under development in adolescents) and
metacognitive performance (Fernandez-Duque et al., 2000) as metacognition may
be seen as an indicator of calibration.

Method
Participants
Four-hundred-and-thirty-one participants, consisting of 98 7-10-year-olds (M =
8.53, SD = 0.87), 122 11-13-year-olds (M = 12.36, SD = 0.79), 100 14-16-year-olds (M
= 14.90, SD = 0.67), and 1112 adults (range 18-36 years, M = 22.45, SD = 2.84)
participated in the experiment. For child participants, consent of school principals
and parents was obtained in addition to participants’ consent. The study was
approved by the standing ethical committee of the Faculty. Adult participants were
granted study credit or compensated with a 5€ gift voucher.

Materials
Video. Participants were shown one of two versions of a 3-minute stimulus video
depicting the non-violent theft of a wallet. Both videos showed the same four
actors: the thief, innocent bystander, a victim, and a witness. The videos only
differed in two aspects: the appearance of the innocent bystander and the
interaction of the innocent bystander with the victim. In version A, the innocent
bystander accidentally bumped into the victim before the theft took place.
Furthermore, the bystander resembled the thief in appearance (same hair color,
posture, color of clothes). In version B, the victim passed the innocent bystander
without making physical contact and the bystander’s clothes differed from what the

2

Two adult participants aged 57 and 66 were excluded from the analyses because they were considered
outliers (more than 2 standard deviations from the mean age of the adult sample).
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thief was wearing.3 All actors were seen close up and from a distance. It was
ensured that the bystander and thief were seen for the same amount of time
(~25seconds from close up and ~20seconds from the distance). The comparable
exposure duration and the moderate similarity in appearance was established to
control for estimator variables that may play a role in the unconscious transference
effect (Read et al., 1990, Ross et al., 1994, 2006).

Lineups and Lineup Construction. Six lineups (three target-present, three
target-absent, one of which was bystander-present) were constructed for the male
thief/ bystander, the female victim, and a male witness (aged 22 to 26). Targetpresence (target-present vs. -absent/ bystander-present lineup presentation) was
fully counterbalanced between participants.
Each lineup consisted of six 8.4 x 7.2 cm shoulder-up photos labelled A to F that
were arranged in two rows of three pictures (a simultaneous lineup). The target
position for the thief lineup was B, for the victim lineup C, and E for the witness
lineup. Effective sizes for the lineups, determined as Tredoux’s Es, were high with a
range of 4.1 to 5.6 (Tredoux, 1998, 1999), as established in a pilot study in which
each lineup was presented to 19 to 38 individuals.

Design and Procedure
The study used a 4 (Age: 7-10-, 11-13-, 14-16-year olds, and adults) x 3
(Lineup: thief/ bystander, victim, and witness) x 2 (Presence: target-present vs. absent/ bystander-present) mixed factorial design. Age and presence served as
between-subject variables while lineup was a within-subject variable. Identification
accuracy (accurate vs. inaccurate) served as the dependent variable and was defined
as the proportion of correct decisions across all lineup decisions.
Participants were tested individually in quiet rooms and test sessions lasted
approximately 15 minutes. Participants viewed the stimulus video, completed a
short filler task (two min of finding the differences between two pictures), and then
made the three identification decisions. Participants were first asked to identify the
person who stole the wallet (thief/ bystander lineup) and were then presented with
the victim and the witness lineup (always in this order). They could either make a
selection, state that the target was not in the lineup (lineup rejection), or indicate
that they did not know. Prior to the presentation of the lineups, participants were
informed that the targets may or may not be present in the lineup. Each lineup
decision was followed by the question if any other, non-identified lineup member
3

Based on theoretical expectations derived from Fuzzy-Trace and Associative-Activation Theory, we
expected more bystander misidentifications for version A than B. However, as no effect of video version
was found, we will not discuss this factor further.
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had been present in the video. If so, participants were asked in which scene they
had seen this person. Following each identification decision, participants indicated
their post-decision confidence on an 11-point scale ranging from 0 to 100%. The
scale was accompanied by smileys (ranging from a sad face corresponding with 0
confidence to a happy face corresponding 100% confidence) to facilitate children’s
choices. No post-decision-confidence ratings were obtained for don't know
responses. After the test session participants were fully debriefed.

Results
The frequencies of participants’ identification responses differentiated by age
for the thief lineups are depicted in Table 2.1; the referring data for victim and
witness lineups can be found in Table 2.2. Across lineups and age groups, 42% of
participants made a correct decision (correct identifications and correct rejections).
We performed binomial logistic regressions (enter method) to establish the effect of
age on the likelihood of different lineup outcomes (correct identification, foil
identification, correct and incorrect rejections, don’t know response) for each
target. When a significant age effect was found, post-hoc comparisons were
performed. Only significant comparisons are reported. The referring statistics will
not be reported in the text, but can be found in Tables 2.3-2.5.
Table 2.1
Thief-Present/ Bystander-Absent and Thief-Absent/ Bystander-Present Lineup: Percentages of
Identification Outcomes as a Function of Age
Thief identifications
Foil
Don’t know
Age group
Lineup rejections
(correct decision)
selections
responses
Thief7-10
60.0
30.0
10.0
0.0
a
11-13
68.4
26.3
5.3
0.0
present/
b
16.0
6.0
0.0
14-16
78.0
bystanderab
26.8
19.6
3.6
Adults
50.0
absent lineup
Bystander
Foil
Lineup rejections
Don’t know
misidentifications
selections
(correct decision)
responses
c
fgh
Bystander7-10
8.3
64.6
22.9
4.2
d
f
11-13
16.9
41.5
41.5
0.0
present/
cde
g
30.0
24.0
2.0
14-16
44.0
thief-absent
e
h
42.9
28.6
8.9
Adults
19.6
lineup
Note. Rows sharing the same superscript letter differ significantly (p ˂ .05; see Table 2.3 for inferential
statistics).
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Table 2.2
Target-Present and Target-Absent Victim and Witness Lineups: Percentages of Identification Outcomes as a Function of Age
Target-present
Target identifications
Lineup
Don’t know
Age group
Foil selections
Foil selections
(correct decision)
rejections
responses
ab
ef
ij
Victim
7-10
50.0
39.6
10.4
0.0
76.0
cd
gh
11-13
52.5
37.3
10.2
0.0
60.3
lineup
ac
eg
i
16.0
12.0
0.0
48.0
14-16
72.0
bd
fh
j
9.3
13.0
0.0
44.1
Adults
77.8
nop
rst
Witness
7-10
10.2
77.6
12.2
0.0
85.7
n
r
11-13
38.3
45.0
13.3
3.3
80.6
lineup
oq
s
36.0
28.0
0.0
82.0
14-16
36.0
pq
t
31.0
13.8
0.0
74.5
Adults
55.2
Note. Rows sharing the same superscript letter differ significantly (p ˂ .05; see Table 2.4 & 2.5 for inferential statistics).
Target-absent
Lineup rejections
(correct decision)
klm
22.0
k
39.7
l
50.0
m
54.2
12.2
17.7
18.0
25.5

Don’t know
responses
2.0
0.0
2.0
1.7
2.0
1.6
0.0
0.0
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Age
7-10 vs. 11-13
-.94
7-10 vs. 14-16
-1.45
7-10 vs. adults
-.89
Constant
-.22
Note. Only significant post-hoc comparisons are reported.

-2.16
-1.35
-1.17
-1.41

Bystander-present/ thief-absent lineup
Bystander
Age
identifications
7-10 vs. 14-16
11-13 vs. 14-16
14-16 vs. adults
Constant

Foil selections

.77
1.27
.61

Thief-present/ bystander absent lineup
Thief identifications
Age
(correct decision)
11-13 vs. adults
14-16 vs. adults
Constant

B

.39
.43
.41
.14

.60
.44
.44
.19

.39
.43
.15

SE

11.82
5.75
11.25
4.81
2.38

18.25
13.14
9.56
7.02
55.16

9.49
3.92
8.52
16.95

Wald

Table 2.3
Inferential Statistics of the Post-hoc Comparisons between Age Groups for the Thief Lineup

3
1
1
1
1

3
1
1
1
1

3
1
1
1

df

.008
.016
.001
.028
.123

.000
.000
.002
.008
.000

.023
.048
.004
.000

p

.39
.24
.41
.80

.12
.26
.31
.24

2.17
3.55
1.84

Odds Ratio

4.66
8.29

.37
.61
.74

.84
.55
.91

1.01
1.52

.04
.11
.13

.18
.10
.19

95% CI for Odds Ratio
Lower
Upper
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Age
7-10 vs. 14-16
7-10 vs. adults
Constant

Age
7-10 vs. 14-16
7-10 vs. adults
11-13 vs. 14-16
11-13 vs. adults
Constant

Age
7-10 vs. 14-16
7-10 vs. adults
11-13 vs. 14-16
11-13 vs. adults
Constant

-1.23
-1.39
.31

-1.24
-1.86
-1.14
-1.76
-1.22

.94
1.25
.84
1.15
.58

Age
7-10 vs. 11-13
.85
7-10 vs. 14-16
1.27
7-10 vs. adults
1.44
Constant
-.38
Note. Only significant post-hoc comparisons are reported.

Rejections (correct
choice)

Victim-absent lineup
Foil selections

Foil selections

Victim-present lineup
Victim identifications

B

.43
.44
.43
.14

.44
.42
.14

.49
.56
.47
.54
.18

.43
.44
.41
.42
.15

SE

12.57
3.92
8.15
11.15
6.93

12.69
8.01
10.85
4.83

17.13
6.47
11.24
5.86
10.61
45.10

12.61
4.89
8.24
4.25
7.57
14.78

Wald

Table 2.4
Inferential Statistics of the Post-hoc Comparisons between Age Groups for the Victim Lineup

3
1
1
1
1

3
1
1
1

3
1
1
1
1
1

3
1
1
1
1
1

df

.006
.048
.004
.001
.008

.005
.005
.001
.028

.001
.011
.001
.016
.001
.000

.006
.027
.004
.039
.006
.000

p

2.33
3.55
4.20
.69

.29
.25
1.37

.29
.16
.32
.17
.30

2.57
3.50
2.32
3.16
1.78

Odds Ratio

1.01
1.49
1.81

.12
.11

.11
.05
.13
.06

1.11
1.49
1.04
1.39

5.39
8.45
9.76

.69
.57

.75
.46
.81
.50

5.94
8.23
5.18
7.18

95% CI for Odds Ratio
Lower
Upper
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Age
7-10 vs. 11-13
7-10 vs. 14-16
7-10 vs. adults
14-16 vs. adults
Constant
1.70
1.60
2.38
.78
-.75

.54
.56
.54
.40
.17

SE
19.75
9.85
8.26
19.41
3.92
20.25

Wald
3
1
1
1
1
1

df
.000
.002
.004
.000
.048
.000

p

5.47
4.95
10.83
2.19
.47

Odds Ratio

Age
23.75
3
.000
7-10 vs. 11-13
-1.44
.43
11.24
1
.001
.24
7-10 vs. 14-16
-1.82
.45
16.15
1
.000
.16
7-10 vs. adults
-2.04
.45
21.00
1
.000
.13
Constant
-.08
.15
.32
1
.572
.92
Note. Only significant post-hoc comparisons are reported. No significant post-hoc comparisons emerged for the witness-absent lineup.

Foil selections

Witness-present lineup
Witness
identifications

B

Table 2.5
Inferential Statistics of the Post-hoc Comparisons between Age Groups for the Witness lineup

15.81
14.73
31.26
4.75

.55
.40
.31

1.89
1.66
3.75
1.01

.10
.07
.05

95% CI for Odds Ratio
Lower
Upper
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Two ways of handling don’t know responses were possible: treating them as
missing values or coding them as lineup rejections (see Sauerland et al., 2016, for a
similar approach). We conducted both analyses and this resulted in analogous
outcomes. The results reported in the main text refer to analyses treating don’t
know responses as missing values. Participants rarely gave a don’t know response
and age did not have an effect on don’t know response rates for any of the lineups,
Wald χ²s(3) ≤ 2.39, ps ≥ .495.

Developmental Differences in Innocent Bystander Misidentifications
Bystander-Present/ Thief-Absent Lineup. For misidentifications of the bystander
as the perpetrator in the bystander-present/ thief-absent lineup (χ²(3, N = 219) =
19.61, p ˂ .001; Nagelkerke R² = 13.2%, correct classification rate of 78.1%), post-hoc
comparisons showed that adolescents (14-16-year-olds) misidentified the bystander
more often than all other age groups (see bottom part of Tables 2.1 and 2.3).
Age did affect foil selections4 from the bystander-present/ thief-absent lineup,
χ²(3) = 12.53, p = .006 (Nagelkerke R² = 7.4%, correct classification rate of 62.1%).
Post-hoc comparisons showed that young children (7-10-year-olds) were more likely
to select a foil than all other age groups. Age did not affect correct rejections from
the bystander-present/ thief-absent lineup, Wald χ²(3) = 6.04, p = .110.

Developmental Differences in Identification Performance in General
Thief-Present/ Bystander-Absent Lineup. For correct identifications from the
thief-present/ bystander-absent lineups, the logistic regression model was
statistically significant, χ²(3, N = 213) = 10.00, p = .019. The model explained 6.3%
(Nagelkerke R²) of the variance and correctly classified 63.8% of the cases. Post-hoc
comparisons showed that adults were less likely to correctly identify the thief than
11-13- and 14-16-year-olds (see top part of Tables 2.1 and 2.3). Age did neither
affect foil selections from the thief-present/ bystander-absent lineup, Wald χ²(3) =
2.90, p = .407, nor false rejections, Wald χ²s(3) = 7.11, p = .069.
Victim Lineup. For correct identifications from the victim-present lineup (χ²(3, N
= 211) = 13.32, p = .004; Nagelkerke R² = 8.4%, correct classification rate of 63.0%),
the two younger age groups differed significantly from both older age groups, with
younger age groups being less likely to correctly identify the victim (see Tables 2.2
and 2.4).
The same age pattern emerged for foil selections from the victim-present
lineup, with higher odds of incorrectly selecting a foil from the lineup in the two
younger age groups compared to older participants, χ²(3) = 20.35, p ˂ .001
4

Note that the identification of the bystander was not considered a foil selection.
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(Nagelkerke R² = 13.5%, correct classification rate of 74.4%). Similarly, young
children (7-10-year-olds) were more likely to select a foil5 from the victim-absent
lineup than the 14-16-year-olds and adults, χ²(3, N = 222) = 13.76, p = .003
(Nagelkerke R² = 8.1%, correct classification rate of 60.8%).
Age did not affect false rejections from the victim-present lineup, Wald χ²(3) =
0.28, p = .963, but did have an effect on correct rejections from the victim-absent
lineup, χ²(3) = 13.89, p = .003 (Nagelkerke R² = 8.2%, correct classification rate
60.4%). Young children (7-10-year-olds) were less likely to reject the target-absent
lineup, compared to all other age groups.
Witness Lineup. Correct identifications from the witness-present lineup (χ²(3, N =
217) = 26.14, p ˂ .001; Nagelkerke R² = 15.6%, correct classification rate of 66.8%)
occurred significantly less often in young children (7-10-year-olds) than in all other
age groups. Additionally, adults made significantly more correct identifications than
14-16-olds (see Tables 2.2 and 2.5).
Foil selections from the witness-present lineup (χ²(3) = 27.83, p ˂ .001;
Nagelkerke R² = 16.1%, correct classification rate of 65.9%), occurred significantly
more often in young children (7-10-year-olds) than in any other age group. No effect
was found for foil selections from the witness-absent lineup, Wald χ²(3) = 2.13, p =
.545. Age did not have a significant effect on false rejections, Wald χ²(3) = 5.89, p =
.117, or correct rejections of the witness lineups, Wald χ²(3) = 2.99, p = .393.
Comparing the witness lineup results to the victim lineup results revealed
relatively high rates of foil selections across age groups (see Table 2.2) for the
witness lineup, also compared to typical findings in the identification literature (e.g.,
Fitzgerald & Price, 2015). Another inspection of the lineup decisions revealed a
clothing bias towards one of the foils (position B) in the witness lineups. We will
revisit this point in the discussion.

Confidence-Accuracy Relationship
In order to generate choosers’ calibration curves with a sufficient n per category,
we collapsed the 11 confidence categories into four categories and report the
weighted averages (0-40%, 50-60%, 70-80%, and 90-100%; see, e.g., Juslin, Olsson,
& Winman, 1996, for a similar approach). They can be found in Figure 2.1. The
calibration curve allows to visually inspect the relationship between participants’
confidence judgments (the mean confidence across participants plotted on the xaxis) and accuracy (the proportion correct for each of the collapsed confidence
categories plotted on the y-axis). For a detailed description of the measures used to
assess participants’ calibrations, the reader is referred to Brewer and Wells (2006). A
5

Note that we did not designate an innocent suspect in our target-absent lineups.
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calibration curve above the ideal curve reflects underconfidence, while under
reflects overconfidence. For example, the ideal outcome in the confidence category
of 70% would be that across participants, 70% would give a correct response. In
reality, however, only 50% might be accurate, reflecting overconfidence in the
accuracy of lineup decisions.
The current data reveal little slope for the youngest age group across all three
lineups. The same can be said for the witness lineup, regardless of age. This reflects
a weak relationship between confidence and accuracy for young witnesses and the
witness lineup. The remaining curves display a positive linear confidence-accuracy
relationship. Of note, all obtained calibration curves lay under the ideal calibration
curves, indicating that, overall, participants were overconfident.
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The calibration statistics can be found in Table 2.6 and results are analogous to
the above discussed inspection of the calibration curves. The C statistic can vary
between 0 and 1 (with zero reflecting perfect calibration). Calibration was poor for
the witness lineup across all ages. This is not surprising bearing in mind that a
clothing bias was found in the witness lineup. Thus, the calibration data adds as
evidence to this unexpected finding. In the absence of clothing bias (i.e., ignoring
the witness lineup), adolescents were relatively well calibrated (C ≤ .052), while in its
presence calibration was poor (C = .199). The youngest age group displayed poorest
calibration across lineups (C ≥ .131). The over-/underconfidence statistic (O/U),
which can vary between -1 (underconfidence) to +1 (overconfidence), indicated
overconfidence for all slopes. No clear pattern of over-/underconfidence as a
function of age or lineup type was apparent.
Table 2.6
Confidence Calibration (C), Over/Underconfidence (O/U), Normalized Resolution Index (NRI), and PointBiseral Confidence-Accuracy Correlation (r) for three Lineups Differentiated by Age Group
Age group
C
O/U
NRI
r
Thief/ Bystander lineup
**
7-10
.131
.314
.083
.136
**
11-13
.056
.203
.234
.425
**
14-16
.052
.200
.238
.487
**
Adults
.115
.313
.197
.362
Victim lineup
**
7-10
.230
.463
.052
.179
**
11-13
.129
.082
.297
.078
**
14-16
.027
.106
.232
.425
**
Adults
.047
.136
.470
.609
Witness lineup
**
7-10
.497
.092
.661
˂.001
**
11-13
.239
.450
.111
.129
**
14-16
.199
.432
.067
.184
**
Adults
.124
.034
.308
.119
Note. ** indicates significance with p ≤ .01.

The normalized resolution index (NRI) informs us on how well participants’
confidence judgments discriminate accurate from inaccurate decisions. It can range
between 0 and 1 (perfect discrimination). All NRIs were moderate to large (with the
cutoff for a small effect being .010, for a moderate .059, and for a large .138; Brewer
& Wells, 2006). Thus even though participants were in general overconfident,
confidence was still an indicator for accuracy. More specifically, we found large
discriminability effects for adults across lineups and moderate effects for the
youngest age group (with the exception of the witness lineup for which the effect
was large). For older children (11-13 years) and adolescents, the NRI statistic
revealed a strong capability of confidence to discriminate between accurate and
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inaccurate selections, except when it came to the witness lineup (which displayed
the aforementioned clothing bias), for which discriminative power was weak.

Discussion
The present study examined developmental trends in lineup performance. Child,
adolescent, and adult participants consecutively viewed a thief, a victim, and a
witness lineup after having watched a wallet theft video. Half of these participants
were confronted with a biased lineup that contained a familiar but innocent
bystander. All other lineups were intended to be fair. For the biased bystander
lineup, we expected adolescents to have the highest bystander misidentification
rate compared to all other ages. This prediction was based on brain imaging studies
indicating neurological changes involving inhibition control during adolescence
(Stevens et al., 2007), a linear age increase in inferential errors (as predicted by
Fuzzy-Trace and Associative-Activation Theory; Brainerd et al., 2008; Howe et al.,
2009; McGuire et al., 2015; Otgaar et al., 2014), and a tendency to risky decision
making in adolescents (Gardner & Steinberg, 2005). Confirming this hypothesis,
adolescents were more likely than the other age groups to erroneously misidentify
an innocent bystander as the thief. Furthermore, for the lineups that did not include
an innocent bystander (i.e., victim and witness lineups, and thief-present lineup), we
hypothesized age increases in accuracy for target-present and -absent lineups
(Fitzgerald & Price, 2015). As predicted, older participants outperformed younger
participants in the victim lineups and witness-present lineup, while, unexpectedly,
this pattern was reversed in the thief-present lineup. Another unexpected finding
was the high rates of foil selections across all age groups in the witness lineup,
possibly reflecting a clothing bias. We will now discuss the details and relevance of
these results in the following paragraphs.
One of our research aims was focused on innocent bystander identifications. The
most interesting finding was that 14-16-year-old adolescents were more prone to
the unconscious transference error than all other age groups. This was reflected in
higher rates of innocent bystander selections from the thief-absent but bystanderpresent lineup as compared to children and adults. This finding expands prior work
that typically looked only at either children or adults, but not both, and not at all at
adolescents (Read et al., 1990; Ross et al., 1994, 2006). This result pattern may be
due to an interplay of two mechanisms: (1) developmental changes in brain
maturity that are associated with an underdeveloped knowledge base (as postulated
by Fuzzy-Trace and Associative Activation Theory; Brainerd et al., 2008; Howe et al.,
2009) and reduced executive control processes (Luciana et al., 2005;), and (2)
ongoing developmental changes in social processes that lead to risky and impulsive
lineup decisions (Fitzgerald & Price, 2015; Gardner & Steinberg, 2005).
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The increased bystander bias of adolescents compared to the younger age
groups partially supports the idea of developmental reversal (Brainerd et al., 2008).
Developmental reversal has previously been found using paradigms eliciting
spontaneous inferential errors (e.g., McGuire et al., 2015). We demonstrate an
applied example of an inferential error that is particularly prevalent in adolescents
and that confirms that developmental trends in memory are flexible and false
memories are sometimes even more likely to arise when getting older (Otgaar,
Howe, Brackmann, & Smeets, 2016). Unlike several studies that demonstrated a
linear trend throughout adulthood in inferential errors and what is predicted by
Fuzzy-Trace and Associative-Activation Theory (Brainerd et al., 2008), the bystander
misidentification error in the current study again reduced from adolescents to
adults. This supports the argument that an interplay of brain maturity processes and
inhibition control processes might lead to elevated errors in adolescents compared
to children but reduced rates of errors in adolescents relative to adults. To our
knowledge, no previous study has looked at bystander misidentification rates in
adolescents yet and our study for the first time reports elevated bystander
misidentifications in adolescents.
We also looked at lineups that did not include an innocent bystander. Here, we
found an age increase in accuracy for the fair victim lineup, as expressed in higher
correct victim identification rates in both older age groups (adults and 14-16-yearolds) as opposed to both younger age groups (7-10- and 11-13-year-olds). This
finding was in line with developmental patterns in foil selections, namely more foil
selections in younger compared to older participants. Furthermore, the youngest
age group was less likely than all other age groups to correctly reject the victimabsent lineup, which was again in line with increased foil selection rates. These
results corroborate the meta-analytical findings of Fitzgerald and Price (2015).
Another age pattern was found for the unbiased thief-present lineup. Surprisingly,
adults made significantly fewer correct thief identifications than 11-13- and 14-16year-olds. Drawing from a substantial body of research showing adults’ superiority in
target-presence performance (see meta-analyses by Fitzgerald & Price, 2015, and
Pozzulo & Lindsay, 1998), it is more likely that our results are due to chance or other
non-discovered circumstances.
An unanticipated finding was that all age groups frequently selected a foil from
the witness lineup, while the correct decision to select the witness or to reject the
lineup was rarely chosen. Although we aimed for constructing fair lineups by piloting
them prior to testing, a clothing bias towards one of the foils in the witness lineup
was discovered post-hoc. This foil, unfortunately, not only fit the general description
of the witness (as intended), but also wore a red sweater similar to the one worn by
the witness in the video. Our findings therefore, unintendedly, replicate seminal
work on clothing biases (e.g., Lindsay, Wallbridge, & Drennan, 1987) that has led to
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adjustments in the best practice recommendations on lineup constructions (Wells et
al, 1998). Noteworthy, notwithstanding that the clothing bias negatively affected all
age groups, the youngest age group performed the worst and adults the best in the
witness-present lineup. This age pattern is similar to the unbiased victim lineup
described above and in accordance with the predictions derived from Fitzgerald and
Price (2015). Our results therefore not only speak to age effects in unbiased lineups
and lineups including an innocent bystander, but, unintentionally, also to age effects
in lineups that display a clothing bias.
To recap, for unbiased lineups, adults generally outperformed the younger age
groups on correct target identifications and lineup rejections (with the exceptions of
the thief-present lineup in which adults actually were the least likely to correctly
select the thief). The youngest age group was most prone to the influence of biases
in the sense that they displayed an increased tendency to select foils if a clothing or
bystander bias was present. Adolescents, however, were most likely, compared to
all older and younger age groups, to misidentify a familiar bystander. Thus, even
though the youngest age group was also here more likely to select a foil, this foil was
more randomly chosen by the 7-10 and not biased towards the innocent bystander
(as it was in adolescents). Contrary to our expectation, the risky decision making
tendency of adolescents did not lead to elevated selection rates in general.
Apparently, the liberal decision making only influences lineup performance if wrong
inferences about the bystander’s involvement in the crime are drawn.
Finally, exploratory analyses investigated the confidence-accuracy relationship of
choosers across the four age groups. Replicating earlier findings, all age groups
displayed considerable overconfidence (Brewer & Day, 2005; Weber & Brewer,
2004). Also in line with previous findings, confidence and accuracy were largely
unrelated for young children below the age of 11 (Brewer & Day, 2005). From the
age of 11 onwards, a positive linear confidence-accuracy was apparent for the thief/
bystander and victim lineups, but not the witness lineup. This latter finding can most
likely be ascribed to the aforementioned clothing bias. Adolescents’ calibration
curves approached the ideal calibration curves most closely, in comparison to all
other age groups, indicating that, even though overconfident, adolescents were able
to give a fair estimate of their likelihood to have made a correct decision. Even
though overconfidence is in line with our prediction based on reduced inhibition
control in adolescents (Stevens et al., 2007), this does not weaken the confidenceaccuracy calibration overall. When evaluating adolescent’s lineup performance, one
may therefore cautiously draw conclusions in the sense that there is a higher chance
of correct target selection when confidence is high. Because there is, to our
knowledge, no other study that has investigated the confidence-accuracy
relationship in adolescents in target-present and -absent lineups (but see Brewer &
Day, 2005, for a study on the confidence-accuracy relationship in a target-present
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lineup), we strongly encourage conducting more experiments to further investigate
the relationship before firm recommendations for practice can be drawn.
The current study echoes previous calls to include adolescents in developmental
studies on eyewitness memory (Fitzgerald & Price, 2015; Jack et al., 2013). We
embraced this call by studying adolescent’s vulnerability to misidentify a bystander
from a lineup. Adolescents showed a unique result pattern such that they were
more likely than younger and older children as well as adults to erroneously identify
a bystander as the culprit. The selection of an innocent suspected of a crime may in
general lead to miscarriages of justice. Selecting a bystander is a particularly harmful
misidentification error because the bystander was present at the crime scene and
will therefore not be able to disprove his/her involvement in the crime with an alibi
that links him/her to a different location. An innocent bystander identification is
therefore a misidentification error that is difficult to uncover. Continued efforts are
needed to disentangle how adolescents in comparison to other age groups perform
in forensically relevant situations. Adolescents are underrepresented in the
eyewitness memory literature and the presented study contributes to fill this
research gap.
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Abstract
Among many legal professionals and memory researchers there exists the
assumption that susceptibility to false memory decreases with age. In 4
misinformation experiments, we show that under conditions that focus on the
meaning of experiences, children are not always the most susceptible to suggestioninduced false memories. We begin by presenting a short overview of previous
developmental false memory studies, the majority of which have found that the
susceptibility to misinformation decreases with age. In Experiment 1, 6/7-year-olds,
11/12-year-olds, and adults received a video and were confronted with
misinformation about related but nonpresented details. Older children and adults
had higher misinformation acceptance rates than younger children. In Experiment 2,
we replicated this finding adding a younger child group (4/6-year-olds). In
Experiments 3 and 4, we used new material and again found that susceptibility to
misinformation increased with age. Together, these experiments show that
children’s memory accuracy is not necessarily inferior to that of adults.
Keywords: false memory, memory development, suggestion, misinformation,
developmental reversal
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The Malleability of Developmental Trends in Neutral and
Negative Memory Illusions
In most child development textbooks, readers find that older children typically
outperform younger children on most if not all tasks. This includes measures of
learning, memory, reasoning, and complex problem solving. However, recently there
have been a number of counterintuitive developmental findings reported in the
literature, ones that show that younger children outperform older children. For
example, sometimes, younger children generate more creative problem solutions
than older children (e.g., generate more alternative ways to use tools; see Defeyter
& German, 2003) or find it easier to learn certain unusual abstract causal principals
(see Gopnik, Griffiths, & Lucas, 2015). In memory development, younger children
can sometimes be less susceptible to memory illusions than older children and
adults (Brainerd, Reyna, & Ceci, 2008). Under these conditions, younger children can
be better eyewitnesses than older children or adults.
These so-called developmental reversals mark an important exception to the
standard textbook aphorisms. However, there is at least one developmental
aphorism that has remained despite these recently reported reversals. Specifically,
false memories induced by suggestion tend to decline gradually between childhood
and adulthood (Brainerd, 2013; Bruck & Ceci, 1999; Ceci & Bruck, 1993). This
developmental trend has been the focus of considerable research, not only because
it is of theoretical relevance when trying to understand memory changes that occur
with age, but also because it has important forensic implications. Specifically, the
law is concerned with how children’s susceptibility to memory illusions makes them
less reliable witnesses in judicial proceedings. Indeed, oftentimes, legal professionals
regard children’s evidentiary statements as being less credible than adults’ (e.g.,
Bruer & Pozzulo, 2014; Knutsson & Allwood, 2014) because of children’s greater
susceptibility to suggestion-induced memory illusions.
The assumption that children are more susceptible to memory illusions than
adults is also shared among many memory researchers. For example, Sutherland
and Hayne (2001, p. 388) observed that, “the general finding is that suggestibility
decreases as a function of age.” Recently, McGuire, London, and Wright (2015, p.
334) voiced a similar conclusion that “previous suggestibility and misinformation
studies [has indicated] that false memory declines with age.” Such statements
reinforce the long-held belief that as children mature, suggestion- and
misinformation-based false memory rates decrease.
Over the past few decades, research has accumulated that shows that another
type of memory illusion, spontaneous false memories, exhibits the opposite
developmental pattern. Spontaneous false memories are ones that arise without
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any external pressure and occur as a consequence of the activation of related
information in an individual’s knowledge base. Research has demonstrated that
these false memories increase significantly between childhood and adulthood, a
phenomenon that has been dubbed developmental reversal (Brainerd, 2013). In the
current studies, we assessed whether the common developmental trend in
suggestion-based memory illusions can also be “reversed” such that younger
children are less susceptible to suggestion than older children and adults. These
experiments emerged from our speculation that the standard developmental trend
in suggestion-induced false memories can be attenuated or even reversed when
applying theoretical principles borrowed from research on the development of
spontaneous false memories. Before presenting these experiments, we provide a
brief overview of developmental trajectories in both spontaneous and suggestioninduced false memories.

Developmental Trends and False Memory Paradigms
Several paradigms include suggestive pressure in order to create false memories.
An often-used method is the misinformation paradigm (Loftus, 2005), a procedure
that has three stages: Participants first witness an event (e.g., see a video of an
unarmed theft), are then presented with misinformation about the event (e.g., they
are told that the culprit carried a gun), and finally, participants receive a memory
test. What studies have shown is that about 30% of participants falsely remember
seeing the suggested detail (e.g., the gun) in the original event. This result is known
as the misinformation effect and it is more pronounced in younger than older
children and adults (Loftus, 2011; Otgaar, Candel, Smeets, & Merckelbach, 2010).
Importantly, suggestive pressure and misinformation are not the same.
Misinformation usually involves the subsequent presentation of (related)
information that was not part of the original event. Suggestive pressure can occur in
a number of different forms, ranging from the suggestion that an event occurred in
a person’s life when in fact it never did (memory implantation paradigm; e.g., see
Otgaar et al., 2012) to more subtle forms in which false memories are created when
eyewitnesses talk to each other and include false details about what was witnessed
(memory conformity paradigm; e.g., see Wright, Memon, Skagerberg, & Gabbert,
2009).
The most frequent method used to induce spontaneous false memories is the
Deese/Roediger-McDermott (DRM) paradigm (Deese, 1995; Roediger & McDermott,
1995). Here, participants are presented with word lists containing associativelyrelated words (e.g., tears, sorrow, baby). The meanings of these words converge on
a non-presented word known as the critical lure (i.e., cry). A robust finding is that
the critical lure is often erroneously remembered during recall or recognition tests
(Brainerd et al., 2008). Of relevance for the current studies is that these
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spontaneous false memories increase with age in childhood, a finding that has
intrigued researchers because the trend is the opposite of the developmental
decreases associated with suggestion-based memory illusions (Brainerd et al., 2008;
Brainerd, Reyna, & Forrest, 2002; Howe, Wimmer, Gagnon, & Plumpton, 2009;
Otgaar, Howe, Peters, Sauerland, & Raymaekers, 2013). This developmental reversal
has not only been detected when using DRM lists but also with other meaningconnected procedures such as when categorized materials or pictures are presented
(e.g., Bruer & Pozzulo, 2014; Howe, 2006, 2008; Sloutsky & Fisher, 2004). When
considered together, these findings are somewhat perplexing because they suggest
that young children are both more and less susceptible to memory illusions than
older children and adults.
To illustrate these different developmental patterns, we first examined the
available literature on age-related trends in suggestion-induced false memories
using the misinformation paradigm6. We came across 29 articles in which findings
were described about the development of false memories using the classic
misinformation paradigm (Table 3.1). As we anticipated, Figure 3.1a shows that the
majority of these papers have found an age-related decrease in susceptibility to
misinformation, a pattern that confirms ours as well as others’ (e.g., McGuire et al.,
2015) view about typical developmental trends in suggestion-induced false
memories. This contrasts nicely with Figure 3.1b that shows the exact opposite
developmental pattern for spontaneous false memories using the DRM paradigm
(taken from Brainerd, Reyna, & Zember, 2011).

6

The studies included in this review were identified using four search engines (Web of Science, PubMed,
ScienceDirect, and Google Scholar). We looked for experimental papers that were written in English and
published after 1978. We chose this time frame because Ceci and Bruck (1993) reported that only very
few methodologically solid papers had been published before 1978. The terms we used for the literature
search were: (children OR development) AND (suggestibility, misinformation, OR false memories). We
also had several inclusion/exclusion criteria. We only included experiments that introduced
misinformation (e.g., via suggestive questions, visual, auditory, embedded narratives) following some sort
of witnessed event (classical misinformation paradigm). We did not include papers using the false
memory implantation paradigm (e.g., Otgaar et al., 2010). Although these studies also introduce
misinformation to participants, they follow a two-stage approach (misinformation and memory test)
instead of the classic three-stage misinformation procedure (event, misinformation, and memory test)
that we used in the current experiments. Also, we looked for papers that compared a minimum of two
different age groups with at least one of them being a child group.
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Developmental studies on the misinformation effect
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No age-related difference

Figure 3.1a. Developmental studies on the misinformation effect. Note that studies that had different
developmental results for different conditions were included several times in the graph.
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Figure 3.1b. Developmental studies on the DRM illusion. These data have been reported in Brainerd et al.
(2011).
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Story accompanied by
pictures about pet
Video showing Sesame
Street
Instructed interaction with
a puppet

Video about treasure hunt

6, 7, 8, adults

3-7

Video showing children
playing together

Event

3, 6

Age (years)

Erroneous feedback

Embedded in narrative

Embedded in narrative

Misleading questions

Misleading questions

Misleading questions

Misleading questions

Misleading questions

Misleading questions

Misleading questions

Form of misinformation

x (commission error)

x (original test)

x

x

x

x (immediate interview)

x

x

x

x

Younger more
suggestible than older

Result
Younger less
suggestible than
older

x (omission error)

x (modified test)

x (interview 1 week
later)

No difference
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Explaining Developmental Reversals in Spontaneous False
Memories
This developmental reversal effect is anticipated by a number of theories. For
example, Fuzzy-trace Theory (FTT; Brainerd et al., 2008) assumes that experiences
are stored using two opposing memory traces, verbatim and gist. Verbatim traces
are involved in the storage of item-specific, detailed surface characteristics of an
event whereas gist traces are related to the underlying meaning of an event. In FTT,
false memories occur when verbatim traces are not available at retrieval and people
rely on gist traces. Retrieved information that is consistent with the underlying
meaning of an experience can be falsely recollected in the absence of contradictory
verbatim information. Because the ability to extract the gist of experiences increases
with age, and because it is not always possible to use verbatim memories to
suppress the output of false memories, false memories tend to increase with age.
Memory research has confirmed that children have more difficulty extracting gist
from presented information and are poorer at generating links between different
parts of an experience than adults (Bjorklund, 1987, 2005; Esposito, 1975).
Another theory that accounts for this developmental reversal is the Associativeactivation Theory (AAT; Howe et al., 2009; Otgaar et al., 2013). AAT is a theory that
explains the development of different types of false memories based in part on
correlated developmental differences in knowledge base and automatic processing.
The core point of AAT is that false memories arise due to spreading activation across
meaning-connected information in memory. Processing of a word or concept results
in an immediate and parallel spread of activation to related concept nodes in a
person’s knowledge base (mental lexicon; Anderson, 1983; Collins & Loftus, 1975;
Landauer & Dumais, 1997). During this spread of activation, concepts activate
related concepts some of which were not experienced, leading to the production of
false memories.
According to AAT, false memories increase with age because of changes in the
structure, content, and speed of access to information in a child’s knowledge base. It
is because of these changes that the strength and automaticity of associative
activation increases with age, something which in turn catalyzes age-related
increases in false memories from childhood through to adulthood (Howe, 2005;
Howe & Wilkinson, 2011; Otgaar, Candel, Scoboria, & Merckelbach, 2010; Otgaar,
Smeets, & Peters, 2012). False memories are more likely to develop as children
mature because they gain knowledge and experience through formal and informal
learning opportunities as well as through exposure to an increasingly complex array
of experiences.
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Creating Developmental Reversals in Suggestion-induced
False Memories
In the current set of studies, we examined whether we could systematically alter
(attenuate or reverse) developmental trends in suggestion-based false memories by
using our understanding of how spontaneous memory illusions arise from meaningconnected memory information. Although spontaneous false memories are chiefly
the result of endogenous processes (e.g., relying on meaning, spreading activation),
suggestion-based false memories occur because of endogenous and exogenous
(e.g., social influences) processes (also see Brainerd et al., 2008). The false memory
paradigms that are used to evoke suggestion-based false memories do not contain
the necessary ingredients that educe the age-related increases in false memories
seen in the DRM paradigm. This is because these paradigms represent an amalgam
of endogenous and exogenous (e.g., suggestive pressure) manipulations whereas
what is needed is more of a focus on the endogenous (memory) processes of this
task (e.g., meaning, spreading activation). In fact, such design changes should be
relatively easy to implement. As Brainerd et al. (2011, p. 376) suggests, “the
standard [misinformation] paradigm can readily be adjusted to fit the algorithm by
instantiating the meaning of objects/events that are supplied to children as
misinformation with many things that they actually experience during the initial
phase of such an experiment, much like DRM lists.” So basically, during the initial
phase of a misinformation experiment, participants should receive stimuli that are
meaning connected. Following this, participants should be presented with
misinformation that preserves the underlying meaning of the originally presented
stimuli. The prediction is that this adapted misinformation procedure will likely
result in an attenuated or even a reversed developmental trend like the one that is
commonly found for spontaneous false memories.
Surprisingly, few researchers have followed these specific adjustments a priori to
test whether false memories induced by suggestion using the misinformation
paradigm can increase with age in a manner similar to spontaneous false memories
(Ceci, Papierno, & Kulkofsky, 2007). Although certain studies (Connolly & Price,
2006; Fazio & Marsh, 2008; Principe, Gauiliano, & Root, 2008; Ross et al., 2006)
have found developmental reversal effects in other paradigms such as memory
conformity, developmental reversals for implanted false memories such as those
elicited by the misinformation are practically non-existent. Considering that these
false memories are perhaps one of the most relevant memory illusions in legal cases
(Loftus, 2005), it is relevant to examine developmental reversals in the
misinformation paradigm. More importantly, although some studies have found
developmental reversal effects in other paradigms, they did not specifically check
whether the presented stimuli contained related details and hence catalyzed false
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memory production; something that we will do in the present experiments (see
below).

The Current Experiments
In the current set of four experiments, we focused on the theoretical conditions
necessary to alter developmental trends in children’s and adults’ suggestion-based
false memories. Specifically, based on the tenets of both AAT and FTT, we modified
the misinformation paradigm. Here, we presented participants with newly
developed, forensically relevant video stimuli depicting events that contained
meaning related details. We used videos because they are rich in perceptual detail
and are frequently used in standard misinformation experiments (Loftus, 2005).
For Experiment 1, we constructed new videos that were based on principles
found in the DRM paradigm (i.e., FTT’s gist extraction or AAT’s associative relatedness). These videos were then included in a misinformation paradigm and were
presented to 6/7-year-olds, 11/12-year-olds, and adults. After the presentation of
these videos, participants received misinformation about the videos and were then
given a recognition task. In order to compare our findings with the DRM paradigm,
participants were also given a standard DRM word list task. We conducted a second
experiment in which our goal was to replicate the findings from Experiment 1 with a
younger age group of 4/6-year-olds. For Experiments 3 and 4, we constructed yet
another new video showing that the effects of Experiments 1 and 2 were not limited
to the type of material used. In all of these experiments, the basic prediction was that
when using meaning-connected stimuli, typical developmental trends in suggestioninduced false memories will be attenuated or even reversed.
Based on AAT and FTT, some specific predictions can be made about when
standard developmental trajectories in suggestion-based false memories should
become attenuated or reversed. For example, both AAT and FTT predict that just
like the developmental reversals seen with DRM word lists, young children will be
less likely to grasp the underlying meaning of these meaning-connected videos than
older children and adults. Thus, when misinformation is provided about critical, nonpresented details, older children and adults will be more likely to accept this
suggested misinformation than younger children. So, based on both AAT and FTT,
our expectation was that when using meaning-connected videos, we should see a
developmental reversal such that susceptibility to misinformation increases rather
than decreases with age.
Interestingly, AAT also predicts additional circumstances under which
developmental trends in suggestion-based false memories can become attenuated
or reversed. In AAT, considerable weight is placed on the link between false
memories and theme nodes. So, not only does spreading activation result in the
activation of related concepts in one’s knowledge base, but it also leads to the
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activation of theme nodes: nodes that are related to the subset of concepts being
activated (Arndt & Reder, 2003; Howe & Wilkinson, 2011; Otgaar et al., 2014).
Theme nodes are part of associative memory networks and they too can give rise to
false recollections. The idea is that material (e.g., DRM word lists) that activates
fewer themes leads to more false memories than material that converges on
multiple themes. The reason is that material containing fewer themes is more likely
to activate that theme more quickly than when there are multiple themes.
Moreover, the overall activation of this single theme may be greater than that for
materials that have more themes because activation in this latter case is more
dispersed across the many different themes. The consequence is that these higher
levels of activation of a single theme catalyze false memories.
One way to examine this claim is to explore the effects of valence (i.e., neutral or
negative) on developmental trends in false memory. Because the events that
children encounter in forensic settings contain a number of important emotional
elements, understanding how emotion modulates developmental patterns of (false)
memories is important if findings are to be generalized to the legal field (also see
Otgaar et al., 2013). If we look at the literature surrounding the effects of emotion
on memory, then many studies have shown that emotional events boost memory
performance (e.g., Mather, 2009; Phelps, 2006). This is especially true when these
emotional events evoke arousal (and even stress), particularly during encoding and
consolidation (Smeets, Otgaar, Candel, & Wolf, 2008). The main point here is that
memory performance changes when emotional events evoke arousal. One idea is
that arousal attracts attention to the evoking stimulus that in turn leads to binding
of memory features, enhancing subsequent memory performance. It has also been
shown that event valence (particularly negative valence) affects memory because
emotional memories consist of well-integrated and dense networks of interrelated
concepts (see e.g., Talmi, 2013). In such a network, information is more likely to
spread in a fast and automatic manner leading to better memory.
Because emotional events frequently boost memory accuracy, one would expect
that this might also protect individuals from forming false memories for arousing
and negative events. Although research concerning the relation between emotion
and memory in adults suggests that negative events are less likely to foster false
memories than neutral or positive events. (e.g., Corson & Verrier, 2007; Storbeck &
Clore, 2005), recent studies have shown that negative stimuli can increase false
memory rates over neutral stimuli (e.g., Howe, 2007; Howe, Candel, Otgaar,
Malone, & Wimmer, 2010; Otgaar, Candel, & Merckelbach, 2008; Porter, Spence, &
Birt, 2003) and that developmental reversals are present for different emotionally
charged materials (e.g., Howe et al., 2010; Quas, Rush, Yim, Edelstein, Otgaar, &
Smeets, in press). In AAT, this is expected because negative information converges
on fewer theme nodes than neutral information. In FTT, this is predicted because it
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is easier to extract the gist of negative than neutral information (e.g., Brainerd,
Holliday, Reyna, Yang, & Toglia, 2011). Thus, higher false memory rates are expected
for negative than neutral materials. Although this is true for spontaneous false
memories, how emotion interacts with developmental trends in suggestion-based
false memories and whether developmental reversals in suggestion-based false
memories are modulated by emotionally-laden events has not been directly
addressed. To investigate the influence of valence on false memory, children and
adults in our experiments were presented with negative (as well as neutral stimuli).

EXPERIMENT 1
For Experiment 1, we began by conducting a pilot study to develop new material.
We presented participants with critical cue words (e.g., pistol, mailbox) and they had
to provide response items related to these words. We used adult participants in this
pilot work because research has shown that even if we had used material relevant
specifically to children’s knowledge base, developmental patterns of false memory
production are still quite robust (e.g., Metzger et al., 2008). The response items
produced by adults were then used to construct two videos (i.e., a robbery and a
postman bringing mail) in which the critical items were not included in the video.
For this pilot task, we developed a situational gist task where participants had to
provide as many related response items as they could to each of a number of critical
cue words in two different contexts, a cafeteria robbery and a postman delivering
mail. These related response items were then used to develop two new videos.
There were 20 participants (mean age = 21.50, SD = 2.89; 10 male) who each
received a booklet in which 12 critical cue words were mentioned (e.g., pistol,
money, glasses, mailbox). Importantly, for half of the critical cue words, it was stated
that they had to come up with related response items when thinking about a
robbery and for the other half of the items, they had to think about a scene in which
a postman is bringing mail. For example, the exact instruction for the robbery scene
was: “A cafeteria at a gym club is being robbed by a armed man. Try to come up
with as many items (minimum of 5) that are related to this event.” They were given
for the entire task (for all cue words) 15 min. in order to generate as many related
response items as they could.
The presentation order of the scenarios was counterbalanced across
participants. For each of these scenarios, we selected 3 items to serve as central
details for the video and 3 to serve as peripheral details. So, in total, there were 6
central and 6 peripheral items. Central items referred to details depicting the
thematic content of the video (i.e., the robbery) whereas peripheral details were not
specifically related to the theme of the video.
The participants produced many related response items (N = 449). For each of
the critical items, we selected the 5 related items that were produced most often by
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participants. For example, for the central critical response word pistol in the robbery
scene, participants came up with many different details (e.g., bullet), but most often
mentioned were the following related items: perpetrator, silver necklace, black
jacket, hat, and black trousers. These related items (but not the critical items were
used as stimuli in the situational gist task) were included in the video of the robbery.
These two new videos were presented to participants (6/7-year-olds, 11/12-yearolds, adults) in a modified misinformation paradigm. Our prediction was that when
the misinformation was presented, older children and adults would be more likely to
confuse the misinformation with the presented items in the videos than the younger
children. Also, to compare our findings with the developmental trend in
spontaneous false memories, we presented participants with both neutral and
negative DRM word lists.

Method
Participants
Eighty-five participants were included, with 23 6/7-year-olds (mean age = 6.70,
SD = 0.56; 11 boys; range: 6-7), 30 11/12-year-olds (mean age = 11.47, SD = 0.63; 17
boys; range 11-12), and 32 adults (mean age = 21.38, SD = 3.53; 9 male; range 1833). A power analysis with a power of 0.80 and a small to medium effect size (ŋ²partial
= 0.06) resulted in a sample size of 80. For the child groups, we received school and
parent permission to test 53 children (23 + 30). The remaining participants were
tested in the adult pool. We tested 5 extra participants in case participants dropped
out of the experiment, thus data collection was terminated after testing 85
participants. Children received a small gift and adults received a small financial
reimbursement. All children had parental consent and assented on the day of
testing. The study was approved by the standing ethical committee of the Faculty of
Psychology and Neuroscience at Maastricht University.

Design
This experiment consisted of a 3(Age: 6/7-year-olds vs. 11/12-year-olds vs.
adults) x 2(Misinformation: yes vs. no) x 2(Detail: central vs. peripheral) x 2(Valence:
negative vs. neutral) mixed design with the latter three factors being withinparticipant variables.

Materials
Videos. Two videos were constructed based on the findings from the pilot
experiment and that differed in emotional content. One video was emotionally
negative and was about a robbery in a cafeteria in which a culprit enters the
cafeteria and demands money from the people at the cash desk. The other video
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was neutral and showed a postman delivering mail and a man opening the door to
receive the mail. In each video, 30 items were presented that were associatively
related to 6 critical items (3 central and 3 peripheral). Each video lasted for about 1
minute and 10 seconds. During the videos, we ensured that all presented items
were unambiguously visible.
Misinformation. Misinformation was presented in the form of an eyewitness
account of the videos. This eyewitness account was audiotaped and played back to
the participants. A research assistant that was not involved in this experiment acted
as the eyewitness and was audiotaped when reading the account. The eyewitness
accounts (control vs. critical) were the same for each participant. During the
misinformation phase, the eyewitness mentioned 6 new critical items and 18 old
items from the original video that were related to the critical items (for each critical
item, 3 related items were presented from the original video). We also made a
control version in which an eyewitness only mentioned the 18 original items without
the new critical items.
Recognition task for the videos. Our recognition task was also audio taped and
consisted of 48 correct items, 12 critical items, 12 non-presented related items, and
48 non-presented unrelated items. The recognition task was presented at a 5second rate per item. Responses were recorded by the experimenter.
DRM lists. Five neutral (bread, smoke, window, foot, sweet) and five negative
(murder, punishment, cry, death, pain) 10-word DRM lists were used in this
experiment. The effectiveness of these lists in generating false memories has been
demonstrated in previous studies (Howe et al., 2010; Otgaar & Candel, 2011; Otgaar
et al., 2012) and list items were chosen from the Dutch word association norms (Van
Loon-Vervoorn & Van Bekkum, 1991). List items were presented in order of
associative strength to the non-presented critical lure, from strongest to weakest.
Using the Celex lexical database (Baayen, Piepenbrock, & Gulikers, 1995), it was
ensured that the mean word frequency of neutral and emotional critical lures did
not differ statistically, t(8) = 0.22, ns. Similarly, the mean backward associative
strength between the neutral list items and their critical lures and the mean
backward associative strength between the emotional list items and their critical
lures did not vary statistically, t(8) = 1.69, ns.
Recognition task for the DRM lists. The recognition task for the DRM lists
consisted of a total of 78 words where there were 40 correct items, 10 critical lures,
10 non-presented related items, and 18 non-presented unrelated items. The
recognition task was audio taped and was presented at a 5-second rate per item.

Procedure
Children were tested individually in rooms at their elementary school and adults
were tested at the university. Participants were informed that they were involved in
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a memory study and then received either the videos (misinformation paradigm) or
the DRM lists first. Order of presentation of the stimuli was counterbalanced within
each task. Our methodology was similar to the standard misinformation paradigm
used in previous studies (Loftus, 2005). During presentation, participants saw the
two videos on a computer screen and were told to pay close attention to them.
After witnessing the videos, participants were given a non-verbal filler task (playing
Tetris) for 3 minutes. Then, participants received audio taped misinformation about
one of the videos and heard an audio taped control version with no misinformation
about the other video. The order of the presentation of the misinformation and
control tapes was also counterbalanced. Following exposure to the misinformation
and the control tapes, participants had to perform a non-verbal filler task (playing
Tetris) for 3 minutes. Next, they received a recognition task in which they were
asked to recognize only those items that were presented in the videos. After the
recognition task, all participants had to rate the emotionality of the videos on a 5point Likert scale (1 = very negative, 5 = very positive). This was done to examine
whether participants had noticed the valence of the videos. The negative video (M =
2.68, SD = 0.90) received statistically lower ratings than the neutral video (M = 3.55,
SD = 0.75; F(1, 84) = 52.25, p < .001, ŋ²p = 0.38) indicating that the valence
manipulation was effective. For the DRM word lists, participants received either the
neutral lists first or the negative lists first. After the DRM word lists, participants
were involved in a non-verbal filler task (playing Tetris). Then, participants were
presented with the DRM recognition task.

Results
As is customary in developmental research on spontaneous false memories,
scores were corrected for possible response bias, a correction that leads to purer
measures of hits and false memory (Brainerd & Reyna, 2007; Brainerd et al., 2008;
Holliday, Brainerd, & Reyna, 2011). Specifically, scores of all experiments were
transformed using the following signal detection parameters: d’ (memory
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discrimination) and c (response bias) (Snodgrass & Corwin, 1988)7. Higher d’ values
stand for high memory discrimination. Negative c values represent a liberal bias
while positive c values refer to a conservative bias. Furthermore, when we analyzed
age effects with three groups in all of our experiments, we used Bonferroni
correction.
We begin by presenting the video data and then turn to the DRM lists. Finally,
we present the analyses concerning the relationship between performance on the
video task and performance on the DRM task. All data (raw and transformed) are
reported in Tables 3.2- 3.7.

7

When we analysed the data using the raw scores or used another transformation (two-high threshold),
our developmental reversal effects in all experiments were still robust. Also, when transforming scores
using d’ and c, an additional correction should be applied for values that are zero or one as the formulae
for getting d’ and c values do not accept zero or one values. As there is some controversy about which
correction should be used, we used the rule that the values should be adjusted slightly up (.0001) for
scores of zero or slightly below for scores of one (.9999) (see Snodgrass & Corwin, 1988; Stanislaw &
Todorov, 1999). Of importance, using another correction (e.g., .01) did not change our main
developmental trends in suggestion-based false memories. As DRM studies lead to robust levels of true
and false memory, our idea was that values of 1 or 0 represent a pure signal of hit rates or rejections.
Because the raw zero and one values have first been corrected and then used to calculate d’ and c values,
the raw means in the Tables cannot be used to accurately get the d’ and c values in the other Tables.
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Table 3.3
Means and Standard Deviations (in Parentheses) of d’ Values of Hits, and False Alarms to Critical Lures, and Non-Presented Related Items as a Function of Age, Type of
Detail, and Valence (Experiment 1)
6/7-year-olds
11/12-year-olds
Adults
Misinformation
Control
Misinformation
Control
Misinformation
Control
Central
Periph
Central
Periph
Central
Periph
Central
Periph
Central
Periph
Central
Periph
Hits
Neutral
3.91(1.41) 3.24(1.56) 3.94(1.41) 3.39(1.49) 3.53(1.39) 2.97(2.09) 3.55(1.35) 3.02(2.15) 4.18(1.74) 4.13(1.35) 4.75(1.56) 4.57(1.54)
Negative
3.79(1.68) 3.83(1.28) 3.81(1.78) 3.91(1.36) 3.88(1.48) 3.26(1.33) 3.93(1.63) 3.65(1.48) 4.91(1.45) 4.65(1.36) 4.31(1.50) 4.16(1.56)
CL
Neutral
7.00(4.80) 2.95(4.13) 8.57(3.88) 2.44(2.80) 6.62(4.41) 4.48(3.85) 4.19(2.69) .65(3.42) 3.81(6.05) 3.50(4.17) 5.60(3.51) 3.61(3.87)
Negative
.48(2.66) 5.43(5.39) 3.69(2.99) 9.44(4.50) 2.35(5.72) 6.39(2.96) 2.59(3.47) 5.62(5.07) 4.99(6.01) 6.30(3.60) 3.27(3.38) 4.77(5.35)
Related Neutral
-2.46(1.51) .65(2.31) -2.33(1.52) -.30(1.26) -3.29(1.52) -.89(1.87) -3.29(1.55) -1.12(1.65) -2.52(1.50) -1.27(1.50) -2.01(1.38) -.76(1.38)
Negative
-.25(1.55) .95(2.07) 1.01(1.68) -.50(2.21) -.78(1.89) -.75(2.03) -1.02(2.40) -1.45(1.81) -.28(1.38) -.76(1.38) -.79(1.50) -1.27(1.50)
Note. CL = Critical lures, Periph = Peripheral.

Table 3.2
Means and Standard Deviations (in Parentheses) of Raw Hits, and False Alarms to Critical Lures, and Non-Presented Related Items as a Function of Age, Type of Detail,
and Valence (Experiment 1)
6/7-year-olds
11/12-year-olds
Adults
Misinformation
Control
Misinformation
Control
Misinformation
Control
Central
Periph
Central
Periph
Central
Periph
Central
Periph
Central
Periph
Central
Periph
Hits
Neutral
.63(.16)
.46(.20)
.60(.22)
.41(.18)
.77(.11)
.73(.12)
.77(.12)
.74(.14)
.72(.15)
.73(.13)
.71(.18)
.70(.17)
Negative
.63(.27)
.56(.22)
.67(.26)
.64(.14)
.86(.11)
.72(.17)
.84(.15)
.78(.14)
.79(.13)
.73(.13)
.78(.14)
.73(.17)
CL
Neutral
.70(.33)
.30(.30)
.79(.34)
.27(.25)
.80(.21)
.58(.24)
.65(.15)
.29(.33)
.46(.38)
.29(.11)
.49(.24)
.25(.15)
Negative
.12(.17)
.58(.34)
.42(.25)
.83(.22)
.46(.32)
.74(.24)
.37(.20)
.69(.28)
.48(.39)
.56(.27)
.33(.27)
.46(.34)
Related
Neutral
.00(.00)
.17(.22)
.00(.00)
.06(.13)
.00(.00)
.09(.15)
.00(.00)
.09(.20)
.00(.00)
.00(.00)
.00(.00)
.00(.00)
Negative
.03(.10)
.18(.23)
.19(.26)
.05(.13)
.08(.14)
.13(.22)
.04(.11)
.04(.11)
.00(.00)
.00(.00)
.00(.00)
.00(.00)
Unrel
-.02(.03)
.02(.02)
.05(.06)
.03(.04)
.01(.03)
.02(.02)
Note. CL = Critical lures, Periph = Peripheral, Unrel = unrelated.

Developmental Trends in the Misinformation Paradigm

3

69

Table 3.4
Means and Standard Deviations (in Parentheses) of c Scores of Hits, and False Alarms to Critical Lures, and Non-Presented Related Items as a Function of Age, Type Of
Detail, and Valence (Experiment 1)
6/7-year-olds
11/12-year-olds
Adults
Misinformation
Control
Misinformation
Control
Misinformation
Control
Central
Periph
Central
Periph
Central
Periph
Central
Periph
Central
Periph
Central
Periph
Hits
Neutral -1.40(.1.02) -2.07(.1.56) -1.46(1.30) -2.02(1.21) -.54(.1.06) -1.10(1.43) -.52(.1.15) -1.05(.146) -.96(.1.01) -1.09(1.00) -1.04(.1.19) -1.41(.78)
Negative -1.76(1.94) -1.72(1.14) -1.50(1.88) -1.39(1.01) -.03(1.18) -.65(1.14) -.26(.95)
-.54(.97) -1.08(.91) -1.33(.90)
-.91(.94) -1.06(.94)
CL
Neutral 1.46(4.32) -2.59(6.22)
.89(5.31) -5.24(4.41) 1.41(3.17) -.73(2.82) -1.02(2.32) -4.56(5.44) -3.33(4.75) -3.65(2.06) -2.95(2.72) -4.56(3.14)
Negative -7.20(4.20) -2.25(4.82) -1.85(4.79) 2.80(3.68) -2.61(.3.58) 1.42(4.71) -2.81(2.66) .22(4.26) -3.56(5.15) -2.25(3.76) -3.87(4.63 -2.38(4.86)
Related Neutral -4.65(2.67) -4.65(2.67) -5.60(2.85) -5.60(2.85) -4.96(2.41) -4.96(2.41) -5.19(2.44) -5.19(2.44) -6.49(.75) -6.49(.75) -6.75(.69) -6.75(.69)
Negative -4.85(3.61) -4.34(3.15) -4.29(2.71) 5.80(1.87) -4.69(2.06) -4.66(2.63) -5.21(1.11) -5.64(1.78) -6.26(.69) -6.75(.69) -6.00(.75) -6.50(.75)
Note. CL = Critical lures, Periph = Peripheral.
.
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Table 3.5
Means and Standard Deviations (in Parentheses) of Raw DRM Hits, and False Alarms to Critical Lures, and
Non-Presented Related Items as a Function of Age and Valence (Experiment 1).
6/7-year-olds
11/12-year-olds
Adults
Neutral
Negative
Neutral
Negative
Neutral
Negative
Hits
.35(.21)
.52(.24)
.58(.18)
.66(.15)
.75(.11)
.75(.17)
CL
.30(.29)
.51(.31)
.61(.23)
.79(.21)
.69(.27)
.67(.25)
Related
.15(.26)
.23(.26)
.19(.18)
.35(.20)
.06(.12)
.18(.15)
Unrel
.18(.20)
.23(.16)
.09(.08)
Note. CL = Critical lures, Unrel = Unrelated.
Table 3.6
Means and Standard Deviations (in Parentheses) of d’ Values for DRM Hits, and False Alarms to Critical
Lures, and Non-Presented Related Items as a Function of Age and Valence (Experiment 1).
6/7-year-olds
11/12-year-olds
Adults
Neutral
Negative
Neutral
Negative
Neutral
Negative
Hits
1.06(1.64)
1.55(1.66)
1.38(1.61)
1.62(1.62)
3.54(3.15)
3.44(2.59)
CL
-.04(2.67)
1.77(2.92)
1.66(1.86)
3.84(3.29)
4.80(3.56)
4.20(3.85)
Related
-2.69(4.11)
-1.24(2.72)
-1.78(3.32)
.37(2.28)
-2.97(3.13)
.02(3.84)
Table 3.7
Means and Standard Deviations (in Parentheses) Of c Values for DRM Hits, and False Alarms to Critical
Lures, and Non-Presented Related Items as a Function of Age and Valence (Experiment 1)
6/7-year-olds
11/12-year-olds
Adults
Neutral
Negative
Neutral
Negative
Neutral
Negative
Hits
-1.40(2.45)
-.89(2.53)
-.37(1.09)
-.13(1.03)
-.47(1.47)
-.57(.147)
CL
-1.97(4.74)
-.16(4.54)
-.08(1.78)
2.10(3.41)
.79(3.70)
.19(3.67)
Related
-4.62(5.06)
-3.71(4.24)
-3.52(3.43)
-1.38(2.03)
-6.98(3.29)
-3.98(3.35)
Note. CL = Critical lures.

Video Task
Hit rates
Memory discrimination. We performed a 3(Age: 6/7-year-olds vs. 11/12-yearolds vs. adults) x 2(Misinformation: yes vs. no) x 2(Detail: central vs. peripheral) x
2(Valence: negative vs. neutral) mixed ANOVA on the d’ hit rates. Our results yielded
a statistically significant Age effect (F(2, 82) = 3.83, p = .03, ŋ²p = 0.09). Post-hoc tests
revealed that adults had statistically higher d’ values than the older children (p =
.03). All other comparisons were not statistically significant. We also found a
statistically significant Valence effect (F(1, 82) = 22.59, p < .001, ŋ²p = 0.22) with the
negative video having statistically higher d’ values than the neutral video.
Furthermore, central details had higher d’ values than peripheral details (F(1, 82) =
14.07, p < .001, ŋ²p = 0.15) All other effects were not significant, including those
concerning the misinformation manipulation (see Table 3.3).
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Bias. Like the discrimination index, we found a statistically significant Age effect
(F(2, 78) = 7.10, p = .001, ŋ²p = 0.15) with post-hoc comparisons showing that bias
was most liberal in the 6/7-year-olds, but only statistically decreased for the 11/12year-olds (p = .001). A statistically significant Valence effect also emerged (F(1, 78) =
15.24, p < .001, ŋ²p = 0.16) with the neutral video having more liberal bias scores
than the negative video. Furthermore, bias scores were more liberal for the
peripheral than central details (F(1, 78) = 8.27, p = .005, ŋ²p = 0.10; Table 3.4).

False Memory
Memory discrimination. A similar series of statistical analyses was performed on
the corrected false memory scores (critical items). First, the most important analysis
pertained to whether susceptibility to misinformation increased with age. We
indeed found evidence for this. Our analyses revealed a significant Valence x Age x
Misinformation interaction (F(2, 79) =8.26, p = .001, ŋ²p = .17). Additional tests
showed the following results. For the negative video, there was a significant Age x
Misinformation interaction (F(2, 79) = 3.83, p = .03, ŋ²p = .09) with simple effects
showing that the susceptibility to misinformation (suggestion-based) false memories
increased significantly with age; see Table 3.2). That is, for both types of details, we
found that adults (central: M = 4.99, SD = 6.01; peripheral: M = 6.30, SD = 3.60) and
older children (central: M = 2.35, SD = 5.72; peripheral: M = 6.39, SD = 2.96) had
significantly higher d’ values rates than younger children (central: M = 0.48, SD =
2.66; peripheral: M = 5.43, SD = 5.39; p < .05). The difference between 11/12-yearolds and adults was not significant (p = 1.00; Table 3.3).
For the neutral video, we also found a significant Age x Misinformation
interaction (F(2, 79) = 3.18, p = .047, ŋ²p = .08). Further analyses showed that like the
negative video, the propensity to suggestion-based false memories increased from
the 6/7-year-olds (M = 4.98) to the 11/12-year-olds (M = 5.55; p < .05;), but this
difference fell short of statistical significance. For the participants who did not
receive misinformation, only 6/7-year-olds (M = 5.50) had statistically higher
discrimination values than 11/12-year-olds (M = 2.42; p = .01).
Second, we found a significant Age x Detail x Valence interaction (F(2, 79) =
8.51, p < .001, ŋ²p = .18). For the neutral video, results yielded a significant Age x
Detail interaction (F(2, 79) = 5.19, p = .008, ŋ²p = .12). Here, additional analyses
showed that for the central details, 6/7-year-olds (M = 7.75, SD = 4.36) and adults
(M = 4.71, SD = 4.95) differed significantly in their d’ values (p = .04). Older children
(M = 5.40, SD = 3.79) did not differ statistically from the other groups (ps > .05). For
the peripheral details, there were no statistically significant differences (p = 1.00).
For the negative video, we found a statistically significant Age x Detail interaction
(F(2, 79) = 3.61, p = .03, ŋ²p = .08) with simple effects tests showing that d’ values for
the peripheral details were higher than d’ values for the central aspects for younger
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(peripheral: M = 7.52, SD = 5.25; central: M = 2.16, SD = 3.22; F(1, 21) = 31.17, p <
.001, ŋ²p = .60) and older children (peripheral: M = 5.95, SD = 4.23; central: M = 2.49;
SD = 4.49; F(1, 28) = 13,05, p < .001, ŋ²p = .32), but there were no significant
differences for adults (F(1, 30) = 1.74, p = .20, ŋ²p =.06).
Bias. Our analysis found a significant Valence x Age X Misinformation interaction
(F(2, 79) = 6.76, p = .002, ŋ²p = 0.15). When we performed additional tests, we found
the following. For the negative video, we found a significant Age x Misinformation
(F(2, 79) = 6.24, p = .004, ŋ²p = 0.14). When misinformation was provided, 6/7-yearolds (M = -4.72) had statistically lower liberal bias scores than the 11/12-year-olds
(M = -0.60, p = .02) while the reverse was true when no misinformation was given.
Here, 6/7-year-olds (M = 0.48) were more conservative than adults (M = -3.12, p =
.01).
For the neutral video, we found a main effect of Misinformation (F(1, 79) = 5.69,
p = .02, ŋ²p = 0.07) in which the presentation of misinformation led to more liberal
bias values (M = -2.97) than when no misinformation was introduced (M = -1.24). All
other effects were not statistically significant (see alsoTable 3.4).

False alarms for related and unrelated non-presented items
Memory discrimination. We also executed analyses on the d’ values of the nonpresented related items. We found an Age x Valence interaction (F(2, 78) = 3.71, p =
.03, ŋ²p = 0.09) . Follow-up tests revealed that for the neutral video, adults (M = 1.64) did not differ in their discrimination values from 11/12-year-olds (M = -2.10)
and 6/7-year-olds (M = -1.10) while the two child groups did differ (p = .03). For the
negative video, discrimination values did differ between adults (M = -0.78) and 6/7year-olds (M = 0.31; p = .03), but not for 11/12-year-olds (M = -1.04; p = 1.00).
Bias. For the bias scores, we only found an Age effect (F(2, 78) = 8.08, p = .001,
ŋ²p = 0.17) with adults (M = -6.50) differing statistically between 6/7-year-olds (M = 4.97)) and 11/12-year-olds (M = -5.44; p = .004) while the latter two did not differ (p
= 1.00).
When we focused on the raw scores of the unrelated items, we found that the
older children had statistically higher unrelated scores than the adults (F(2, 82) =
4.01, p = .02, ŋ²p = .09).

DRM Task
Hit rates
Memory discrimination. We also examined how participants performed on the
DRM paradigm. A 3(Age: 6/7-year-olds vs. 11/12-year-olds vs. adults) x 2(Valence:
negative vs. neutral) repeated measures ANOVA on the transformed DRM hits
yielded a statistically significant Age effect (F(2, 82) = 9.83, p < .001, ŋ²p = .19). Post-
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hoc analyses showed that for both types of lists, adults (M = 3.49) had statistically
higher discrimination values than 11/12- (M = 1.40) and 6/7-year-olds (M = 1.32; p =
.001). The two child groups did not statistically differ (p = 1.00). All other effects
were not statistically significant (Table 3.6).
Bias. No statistical effects emerged (all ps > .05; Table 3.7).

False memory
Memory discrimination. An analysis of the discrimination values of the critical
non-presented items showed a significant Age x Valence interaction (F(2, 82) = 6.87,
p = .002, ŋ²p = .14). Additional analyses revealed the following. First, for both types
of lists, false memories increased with age, with adults and 11/12-year-olds having
higher discrimination values than the youngest age group (ps < .05). Adults and
11/12-year-olds also differed in their level of false memory susceptibility (p = .04).
Second, we found that negative false memories were more likely to be produced in
6/7- and 11/12-year-olds relative to neutral false memories (ps < .01). For adults,
this difference was not significant (p = .34; Table 3.6)
Bias. A statistical Age x Valence interaction was found (F(2, 82) = 6.87, p = .002,
ŋ²p = .14). Simple effects showed that bias scores for negative false memories were
less liberal in 6/7- and 11/12-year-olds relative to bias scores for neutral false
memories (ps < .01). For adults, this difference was not significant (p = .34; Table
3.7).
False alarms for related and unrelated non-presented items
Memory discrimination. Analyses of the non-presented related items revealed a
significant valence effect (F(1, 82) = 31.21, p < .001, ŋ²p = .28) with higher
discrimination values for the negative related items than for the neutral related
items. All other effects were not statistically significant.
Bias. A significant Age effect was observed (F(2, 82) = 7.48, p < .001, ŋ²p = .15)
with post-hoc tests showing that only adults (M = -5.48) had statistically more liberal
bias scores than the 11/12-year-olds (M = -2.45; p = .001). We also found a Valence
effect (F(1, 82) = 25.61, p < .001, ŋ²p = .23) with more liberal bias scores for the
neutral than the negative related items. The interaction was not significant.
When we analyzed the unrelated items, we found that the older children (M =
0.23, SD = 0.16) had statistically higher unrelated scores than the adults (M = 0.09,
SD = 0.08; F(2, 82) = 7.07, p < .001, ŋ²p = .15).

Misinformation-DRM Correlational Analyses
Finally, we were interested in whether DRM false memories would be related to
suggestion-based false memories. The correlations in all experiments were
computed on discrimination scores. Interestingly, a partial correlational analysis in
which we looked at four correlations (correlations between DRM and video false
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memories) and in which we controlled for age found that neutral DRM false
memories were statistically related to neutral and negative suggestion-induced false
memories, respectively (r = .24, p = .03; r = .38, p < .001). Likewise, we found that
negative DRM false memories were statistically related to neutral and negative
suggestion-induced false memories (r = .24, p = .03; r = .23, p = .04).

Discussion
The results of this experiment showed that developmental reversals do exist in
suggestion-based false memories. Specifically, when certain theoretically prescribed
conditions pertain (i.e., when critical items in a misinformation paradigm are
semantically related to the presented items during the study phase), suggestioninduced false memories increased with age. That is, we found that memory
discrimination increased with age, a clear developmental reversal effect. This
pattern was most evident for the negative suggestion-based false memories.
Although suggestion-based false memories for neutral videos also increased with
age, this increase fell short of significance. Thus, like the spontaneous DRM-based
false memories in this experiment, suggestion-based false memories were more
likely in older children and adults than in younger children.
In the current design, we ensured that during the study phase, participants
encountered details that were associatively related to non-presented critical items.
Then, during the misinformation phase, misinformation was presented about these
non-presented critical items. When participants subsequently received a recognition
task, older children and adults were more likely to associatively relate these critical
items with the originally presented items in the videos than the younger children.
This resulted in a developmental reversal of the usual trend in suggestibility
research, one that showed that older children and adults were more likely to
develop suggestion-based false memories than younger children.
For both the negative and neutral videos, however, we did not find that this
reversal continued into adulthood. Specifically, in the negative video, we found no
differences between 11/12-year-olds’ and adults’ false memory levels and for the
neutral video we found that adults’ false memory levels were lower than the 11/12year-olds’ false memory rates. For the negative video, our findings are in line with
our DRM findings in that older children and adults did not differ in their false
memory propensity. A possible reason for not finding a difference between 11/12year-olds and adults is that children of this age activate related concepts in as rapid
and automatic a manner as adults.
As mentioned, for the neutral video, we found that adults’ false memory rates
were reduced compared to 11/12-year-olds’ false memory rates. There are other
studies showing that adults’ false memory rates can be lower than children’s (Otgaar
et al., 2012; Wimmer & Howe, 2010). Although speculative, researchers have noted
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that these age discrepancies in false memory formation might be tied to individual
and population variations in false memory vulnerability (Bouwmeester & Verkoeijen,
2010). Despite these discrepancies, we still found that under circumstances that
primarily rely on gist extraction (FTT) or associative activation (AAT), both
spontaneous and suggestion-based false memories follow a positive monotonic
trajectory between younger and older children.
Also, at a descriptive level, neutral false memory rates were slightly higher than
negative false memories in young children. So, although all participants perceived
the negative video as statistically more negative than the neutral one, this did not
translate in statistically higher false memory rates for the negative video as what
would be expected (Howe et al., 2010). One possibility is that associative networks
for these videos differed between age group and that younger children had a more
extensive knowledge base for the neutral than the negative video. Therefore,
additional studies should examine whether participants’ knowledge base might vary
between different types of emotional material.
However, although our DRM lists were specifically constructed to differ with
regard to valence, our videos could have differed in terms of arousal. This is
important because we know that arousal also drives changes in false memory rates
(e.g., Brainerd et al., 2011). There are also other dimensions that might have
differed between our videos (e.g., relatedness, familiarity) that could have
potentially affected our results. It is therefore relevant to urge caution when
interpreting our emotional false memory effects. To circumvent this issue,, for our
next second experiment, we opted to include only the negative video.
Interestingly, we found that both negative and neutral DRM false memories
were positively related to the development of both negative and neutral suggestionbased false memories. This implies that similar processes, such as associative
activation, are involved in developmental trends in both domains. Up until now,
developmental studies linking DRM false memories with false memories for more
complex realistic events have not been conducted (see Brainerd et al., 2008).
Although there are studies that have found positive correlations between DRM false
memories and false memories for autobiographical events in children and adults
(e.g., Otgaar et al., 2012), these studies are somewhat limited. Our study presents a
hitherto unreported finding suggesting that whatever the type of false memory
(e.g., spontaneous or suggestion-induced) similar endogenous processes seem to
play a role in developmental patterns of these false memories.
We also explored whether our effects might interact with the type of detail
(peripheral vs. central). The reason behind this is that for emotional events
particularly, central details are better remembered than peripheral details (Thijssen,
Otgaar, Meijer, Smeets, & de Ruiter, 2012). However, in our experiment,
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developmental reversal effects were observed for both types of detail thereby
demonstrating the robustness of this developmental reversal effect.

EXPERIMENT 2
Because the results of Experiment 1 provide novel yet tentative evidence
showing developmental reversals in suggestion-induced false memories with
meaning-connected stimuli, we attempted to replicate these results in a new sample
using a more straightforward procedure. To begin, because adults did not differ
significantly from older children in terms of false memory propensity, we only
included children in Experiment 2 and added an extra group of younger 4- to 6-yearolds. Because this latter group has often been found to be highly vulnerable to
suggestive influences (Ceci & Bruck, 1993), it was important to see whether
developmental reversals occurred at this younger age. Second, because our
developmental effects seemed to be more pronounced for the negative than
neutral video, we only used the negative video in this experiment. Third, because we
obtained significant developmental reversals in the misinformation condition (as
predicted), we eliminated the control condition in which no misinformation was
presented.

Participants
Seventy participants were involved in this experiment (4/6-year-olds: n = 18,
mean age = 4.83, SD = 0.44, range 4-6; 7/9-year-olds: n = 21, mean age = 7.33, SD =
0.78, range 7-9; 10/12-year-olds: n = 31, mean age = 10.81, SD = 0.65, range 10-12).
A power analysis with a power of 0.80 and a medium effect size (ŋ²partial = 0.13)
resulted in a sample size of 69. Data collection was terminated after 70 children
received consent to participate. We tested an extra participant in case children
dropped out of the experiment. The goal was to test equal numbers of children in
each age group, but the number of children was based on obtaining parental
consent (and hence we had an unequal number of children in the groups). We
stopped data collection when our total desired sample size was met. Children’s
parents had provided consent for their child’s participation in the study and all
children assented on the day of participation. All children received a small present
for their participation. The study was approved by the standing ethical committee of
the Faculty of Psychology and Neuroscience at Maastricht University.

Design
The current experiment made use of a 3(Age: 4/6-year-olds vs. 7/9-year-olds vs.
10/12-year-olds) x 2(Detail: central vs. peripheral) split-plot design with the latter
factor being within participant.
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Materials
We used the exact same negative video, misinformation (negative),DRM lists,
and DRM recognition task as in Experiment. The only exception was the recognition
task for the video.
Recognition task for the video. Our recognition task was also audio taped and
consisted of 24 correct items, 6 critical items, 6 non-presented related items, and 24
non-presented unrelated items. Items on the recognition task were presented at a
5-second rate. Responses were recorded by the experimenter.

Procedure
Children were tested individually in rooms at their primary school. They received
either the video (misinformation paradigm) or the DRM word lists (DRM paradigm)
first. We counterbalanced the order of the presentation of the stimuli within each
paradigm. A similar procedure was used as in Experiment 1 except that all
participants received misinformation about the video.

Results
As in Experiment 1, all scores on the video and DRM procedure were
transformed using memory discrimination (d’) and response bias (c). All data
((un)corrected Video and DRM Tasks) are reported in Tables 3.8-3.13 (Video and
DRM Tasks).
Table 3.8
Means and Standard Deviations (in Parentheses) of Raw Hits, and False Alarms to Critical Lures, and NonPresented Related Items as a Function of Age and Valence (Experiment 2)
4/6-year-olds
7/9-year-olds
10/12-year-olds
Central
Peripheral
Central
Peripheral
Central
Peripheral
Hits
.56 (.23)
.62 (.22)
.74 (.17)
.71 (.18)
.81 (.12)
.82 (.13)
CL
.30 (.32)
.57 (.38)
.62 (.29)
.72 (.27)
.57 (.31)
.74 (.29)
Related
.11 (.23)
.13 (.26)
.17 (.17)
.17 (.28)
.13 (.19)
.19 (.24)
Unrel
.03 (.05)
.05 (.12)
.01 (.02)
Note. CL = Critical lures; Unrel = Unrelated.
Table 3.9
Means and Standard Deviations (in Parentheses) of d’ Values for Hits, and False Alarms to Critical Lures,
and Non-Presented Related Items as a Function of Age and Valence (Experiment 2)
4/6-year-olds
7/9-year-olds
10/12-year-olds
Central
Peripheral
Central
Peripheral
Central
Peripheral
Hits
5.35(2.55)
5.23(2.61)
6.02(2.84)
6.20(2.65)
7.80(2.85)
7.65(2.61)
CL
1.89(4.06)
5.10(3.63)
5.62(3.00)
6.71(3.21)
6.19(3.99)
7.68(3.72)
Related
-.61(.3.11)
.08(4.63)
1.29(3.03)
.72(3.26)
1.52(4.00)
2.61(3.95)
Note. CL = Critical lures.
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Table 3.10
Means and Standard Deviations (in Parentheses) of c Values for Hits, and False Alarms to Critical Lures,
and Non-Presented Related Items as a Function of Age and Valence (Experiment 2)
4/6-year-olds
7/9-year-olds
10/12-year-olds
Central
Peripheral
Central
Peripheral
Central
Peripheral
Hits
-1.51(2.96)
-1.68(2.18)
-1.52(2.32)
-1.34(2.97)
-1.47(2.41)
-1.62(2.21)
CL
-3.73(5.16)
-.85(5.87)
-1.27(3.55)
.34(4.06)
-2.24(3.08)
-.24(4.37)
Related
-6.73(5.74)
-6.05(6.04)
-6.25(4.31)
-6.82(5.12)
-7.76(3.28)
-6.67(4.18)
Note. CL = Critical lures.
Table 3.11
Means and Standard Deviations (in Parentheses) of Raw DRM Hits, and False Alarms to Critical Lures, and
Non-Presented Related Items as a Function of Age and Valence (Experiment 2)
4/6-year-olds
7/9-year-olds
10/12-year-olds
Neutral
Negative
Neutral
Negative
Neutral
Negative
Hits
.50 (.26)
.56 (.25)
.53 (.24)
.56 (.16)
.56 (.20)
.68 (.16)
CL
.41 (.32)
.52 (.31)
.40 (.29)
.64 (.24)
.63 (.30)
.86 (.17)
Related
.23 (.28)
.26 (.30)
.16 (.18)
.23 (.23)
.15 (.18)
.29 (.22)
Unrel
.28 (.26)
.23 (.22)
.21 (.14)
Note. CL = Critical lures; Unrel = Unrelated
Table 3.12
Means and Standard Deviations (in Parentheses) of d’ Values for DRM Hits, and False Alarms to Critical
Lures, and Non-Presented Related Items as a Function of Age and Valence (Experiment 2)
4/6-year-olds
7/9-year-olds
10/12-year-olds
Neutral
Negative
Neutral
Negative
Neutral
Negative
Hits
1.32(1.89)
1.54(1.90)
1.75(2.26)
1.86(2.35)
1.23(1.48)
1.58(1.31)
CL
.76(2.52)
1.39(3.09)
.84(3.25)
2.91(2.92)
2.70(3.64)
5.17(3.52)
Related
-1.63(3.31)
-1.50(3.44)
-2.09(3.63)
-.77(3.61)
-2.81(3.34)
-.80(3.22)
Note. CL = Critical lures.
Table 3.13
Means and Standard Deviations (in Parentheses) of c Values for DRM Hits, and False Alarms to Critical
Lures, and Non-Presented Related Items as a Function of Age and Valence (Experiment 2)
4/6-year-olds
7/9-year-olds
10/12-year-olds
Neutral
Negative
Neutral
Negative
Neutral
Negative
Hits
-.68(1.70)
-.50(.166)
-.77(1.62)
-.66(1.39)
-.35(.72)
-.00(.76)
CL
-1.23(4.72)
1.39(3.09)
-1.68(3.75)
2.91(2.92)
1.11(3.60)
5.17(3.52)
Related
-3.56(4.89)
-3.36(4.17)
-4.60(3.84)
-3.28(3.52)
-4.40(3.48)
-2.39(2.88)
Note. CL = Critical lures.

Video Task
Hit rates
Memory discrimination. When we performed a 3(Age: 4/6-year-olds vs. 7/9-yearolds vs. 10/12-year-olds) x 2(Detail: central vs. peripheral) repeated measures
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ANOVA, we found no significant interaction (F(2, 66) = 1.14, p = .87, ŋ²p = .004), no
significant effect for detail (F(1, 66) = 0.01, p = .92, ŋ²p = .00), but there was a
significant age effect (F(2, 66) = 6.34, p = .003, ŋ²p = .16). Post-hoc tests revealed
that the only 10/12-year-olds (M = 7.73) had statistically higher memory
discrimination rates relative to the youngest child group (M = 5.29; p = .004; Table
3.9)
Bias. No statistical effects emerged when performed analyses on the response
bias scores (all ps > .05; Table 3.10).

False memory
Memory discrimination. An analysis of the false memory rates did not reveal a
significant interaction (F(2, 66) = 1.42, p = .25, ŋ²p = .04) but we did find a statistically
significant age effect (F(2, 66) = 7.61, p = .001, ŋ²p = .19). As in Experiment 1, we
found a developmental reversal effect. That is, 10/12-year-olds (M = 6.94) and 7/9year-olds (M = 6.16) had statistically higher memory discrimination values than the
4/6-year-olds (M = 3.50; ps < .05). Results also demonstrated a significant main
effect of detail (F(1, 66) = 14.26, p < .001, ŋ²p = .18) with discrimination values being
higher for peripheral false items than for central false items (see Table 3.9).
Bias. When we performed an analysis on the response bias scores, we only found
a statistically reliable Detail effect (F(1, 66) = 12.73, p = .001, ŋ²p = .16) with bias
values being less liberal for peripheral than central false items. All other effects were
not statistically significant (Table 3.10).

False alarms for related and unrelated non-presented items
When we conducted our analyses for non-presented (un)related items, no
statistically significant effects emerged.

DRM Task
Hit rates
Memory discrimination. A repeated measures ANOVA on the discrimination
values of the hit rates revealed a statistically significant effect of valence (F(1, 66) =
9.76, p = .003, ŋ²p = .13). Specifically, discrimination values were higher for the
negative than neutral presented items. All other effects were not statistically
significant (Table 3.12).
Bias. Again, we only found a statistically significant Valence effect (F(1, 66) =
8.75, p = .004, ŋ²p = .12) with less liberal bias scores for the negative than neutral
presented items (Table 3.13).
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False memory
Memory discrimination. We also performed an analysis on the discrimination
values of the false memory rates. We found no significant interaction (F(2, 66) =
1.19, p = .31, ŋ²p =.04) but we did find a developmental reversal effect (F(2, 66) =
8.33, p = .001, ŋ²p = .20). Post-hoc analyses showed that the 10/12-year-olds (M =
3.93) had significantly higher false memory rates than the 7/9-year-olds (M = 1.87; p
= .02) and the 4/6-year-olds (M = 1.07; p = .001). The 7/9-year-olds and 4/6-yearolds did not differ statistically in terms of false memory propensity (p = 1.00). We
also found that negative false memories had higher bias scores than neutral false
memories (F(1, 66) = 11.64, p = .001, ŋ²p = .15; Table 3.12).
Bias. When we focused our analysis on the bias scores, we found that 10/12year-olds (M = 3.14) had statistically more conservative bias scores than the 7/9- (M
= .62; p = .002) and 4/6-year-olds (M = .08; p < .001; F(2, 66) = 11.03, p < .001, ŋ²p =
.25). Furthermore, we found that bias scores were more conservative for the
negative than neutral critical items (F(1, 66) = 32.79, p < .001, ŋ²p = .33; Table 3.13).

False alarms for related and unrelated non-presented items
Memory discrimination. An analysis of the d’ values of the non-presented related
items revealed no significant interaction (F(2, 66) = 1.32, p = .27, ŋ²p = .04). We did
find that negative related items had higher discrimination scores than neutral
related items (F(1, 66) = 5.80, p = .02, ŋ²p = .08). No age effect was detected (F(2, 66)
= 0.12, p = .89, ŋ²p = .004).
Bias. We only found that negative related items had lower liberal bias scores
than neutral related items (F(1, 66) = 6.02, p = .02, ŋ²p = .08).
No statistical effects emerged for the unrelated items (F(2, 66) = .65, p = .52, ŋ²p =
.02).

Misinformation-DRM Correlational Analyses
We were also interested in whether suggestion-based false memories were
associated with the DRM illusion. When performing four partial correlational
analyses controlling for age, we found that negative (r = .32, p = .001) DRM false
memories were statistically related to the central suggestion-based false memories.

Discussion
The primary goal of Experiment 2 was to replicate the findings from Experiment
1 with younger children. That is, we wanted to show that suggestion-based false
memories increased with age when there was an emphasis on associatively related
meaning-based processing. This experiment showed convincingly that this
developmental reversal did occur with very young children when using a video-
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misinformation experiment. Indeed, again, we found that memory discrimination
scores increased with age and the same pattern was evident for the untransformed
scores. Together with Experiment 1, our results demonstrate that when suggestionbased false memories rely on spreading activation among associatively related
concepts (and themes) that developmental reversals occur in a manner similar to
that found for children’s spontaneous false memories.
Of course, one might argue that our findings are limited inasmuch as we used
the same materials in both of our experiments. In order to demonstrate that our
findings are not confined to these materials and that they can be replicated using
other video-material, we conducted two additional experiments. Because our
findings suggest that negative stimuli resulted in stronger developmental reversals
than neutral material, we decided to only use a new negative video, one that is also
relevant in forensic settings. Again, we had to pilot this new material using a
situational gist task. We also explored whether the presentation of different types of
misinformation affected the developmental reversal effect. That is, in Experiments 3
and 4, we not only presented misinformation in the form of eyewitness testimony as
in our previous experiments, but for half of the participants we also presented the
same misinformation during a suggestive interview. We did this because previous
studies have found that children are more susceptible to misinformation than adults
if it is delivered by authority figures (e.g., adults), particularly in an interview setting
(see Ceci & Bruck, 1993).
Thus, in these final two experiments, participants could receive one of two
versions of misinformation. As before, half of the participants were presented with
misinformation in the form of another person’s eyewitness testimony. Recall that this
minimizes the impact of direct social influences on false memory formation (i.e., there
is no authority asking suggestive questions) and hence, we anticipated developmental
reversals in this group. In the other group, the exact same misinformation was
presented but in the form of an interview with the participants. Here, because
participants were confronted with misinformation in a social context, one might not
expect developmental reversals. This is because such a context includes suggestive
pressure by an authority, something that might lead to the standard developmental
trends in suggestion-induced false memories (i.e., an age-related decrease in false
memories).

EXPERIMENT 3
For this experiment, a pilot study was conducted to develop new material.
Participants received critical cue words (e.g., pistol, money) and they had to come
up with related response items to these words. Like Experiment 1, we used adult
undergraduates from the psychology faculty of Maastricht University in this pilot
study because, as mentioned, previous research has shown that even if materials
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are normed specifically for children, developmental patterns of false memory
formation are still quite robust (e.g., Metzger et al., 2008). The reponse items
produced by adults were then used to construct a video of a bank robbery in which
the critical cue words were not included in the video.
For this pilot task, we again used a situational gist task where participants had to
provide as many related response items as they could to each of a number of critical
cue words in a single context, namely, a bank robbery. These related response items
were then used for the construction of the video. There were 38 participants (mean
age = 28, SD = 3.56; 20 male) who each received a booklet in which 10 critical cue
words were mentioned (e.g., pistol, money, laptop). For the entire task, they were
given 15 min. to produce as many related items as they could. The exact instruction
for the bank robbery scene was: “A bank is being robbed by an armed man. Try to
come up with as many items (minimum of 5) that are related to this event.”
The participants collectively produced many related response items (N = 1773). Of
the 10 critical cue words, 5 were selected for which participants produced the most
related response items (i.e., pistol, money, laptop, brochures, numberticketdispensor). For each of the 5 critical cue words we selected the 5 related items that
were produced most often by participants. For example, for the critical cue word
pistol, participants most often mentioned the following related response items: loud
noise, criminal, bullets, black clothing, and balaclava. These related response items
were included in the eventual video of the bank robbery and the critical cue words
were left out of the video. Central critical cue words that were used as misinformation
were pistol and money and peripheral cue words were laptop, brochures,
numberticket-dispensor. This video was then used as part of a misinformation
paradigm in which we examined whether this new material would change the usual
developmental trend in suggestion-induced false memories and whether it would lead
to the same developmental reversals in suggestion-based false memories as our first
two experiments.

Method
Participants
In this study, 44 7/8-year-olds (mean age = 7.16, SD = 0.37; range 7-8; 23 boys)
and 42 adult participants (mean age = 20.79, SD = 2.60; range 18-28; 6 men) were
involved. A power analysis with a power of 0.80 and a medium effect size (ŋ²partial =
0.13) resulted in a sample size of 84 (Faul et al., 2007). As 44 children received
parental consent to participate, we stopped with data collection after testing a total
of 86 participants. These age groups were selected because they differ significantly
in terms of false memory propensity (Brainerd et al., 2008). Children were recruited
from elementary schools and could only participate if they received parental
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consent and assented on the day of testing. Children received a small present for
their involvement. Adults were undergraduates from the Faculty of Psychology and
Neuroscience and the Faculty of Health, Medicine, and Life Sciences. They received
a monetary award (7.50 euro) or course credits for their participation. The study
was approved by the standing ethical committee of the Faculty of Psychology and
Neuroscience at Maastricht University.

Materials
Misinformation. Misinformation was presented in two forms: as an eyewitness
account or in an interview. The eyewitness account was audiotaped and played back
to the participants. The eyewitness mentioned the 5 critical items and 20 old items
from the original video that were related to the critical items (for each critical item,
4 related items were presented from the original video). In the other version,
participants were subjected to a short interview in which they were asked 25
questions. Five questions contained misinformation including the not-presented
critical items (e.g., “What was the color of the pistol of the bank robber?”). The
other 20 questions pertained to old items that were presented during the video
(e.g., “Was the color of the balaclava the same as his jacket?”). Participants were
asked to respond to each question and had to guess if they did not know the
answer.
Recognition task for the video. The 50-item recognition task consisted of 5 critical
items, 20 presented items (4 presented for each critical item), 5 related but notpresented items (1 for each critical item), and 20 unrelated but not-presented items.
Items on the recognition task were presented at a 5-second rate. Responses were
recorded by the experimenter.
DRM lists. Participants heard 5 negative DRM word lists each containing 10
words. These were the same negative DRM lists as in Experiments 1 and 2. The
words were related to critical lures that were the non-presented items (e.g., death,
punishment). These lists have proven to effectively elicit spontaneous false
memories (Howe et al., 2010; Otgaar et al., 2010).
Recognition task for the DRM lists. The 45-item recognition task consisted of 5
critical lures, 20 presented items (4 from each list), 5 related but not-presented
items (1 for each critical lure), and 15 unrelated but not-presented items. The
recognition task was presented at a 5-second rate for each item. Responses were
recorded by the experimenter.

Design and Procedure
We used a 2(Age: 7/8-year-olds vs. adults) x 2(Condition: eyewitness account vs.
interview) x 2(Detail: central vs. peripheral) mixed design with the latter factor being
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within participant. Participants were randomly assigned to the conditions (Eyewitness
account: 21 children and 21 adults; Interview: 23 children and 21 adults).
Children were tested in quiet rooms at their schools and adults’ test sessions
took place in lab rooms at the university. Participants were told that they would
witness a video and that certain questions were going to be asked about the video.
Participants then had to look at the video. After this, a 2-minute filler task (underline
the letters R and P on a piece of text) was presented to participants. Next,
participants received misinformation in the form of an eyewitness account or a
suggestive interview. One day later, participants received the recognition test for
the video. This final stage happened after a day in which participants’ memory was
tested for the event because misinformation effects are stronger after a delay
(Higham, 1998). Following this, participants studied 5 DRM lists, were given a 2minute filler task, and were then given the DRM recognition task.

Results
Video Task
Hit rates
Memory discrimination. Data were transformed as in the previous experiments.
All data are reported in Tables 3.14-3.19 (Video and DRM Tasks). A 2(Age: 7/8-yearolds vs. adults) x 2(Condition: eyewitness account vs. interview) x 2(Detail: central
vs. peripheral) ANOVA was conducted on the corrected hit rates. A statistically
significant three-way interaction was obtained (F(1, 83) = 12.77, p = .001, ŋ²partial =
.13). Simple effects analyses revealed that for the interview, a statistically significant
Age effect was observed (F(1, 83) = 13.63, p = .001, ŋ²partial = .25) for the central
items with higher discrimination values for the adults than children. This effect was
absent in the eyewitness account condition (F(1, 83) = 1.50, p = .23, ŋ²partial = .04).
For the peripheral items, there was a statistically significant Age effect (F(1, 83) =
20.57, p < .001, ŋ²partial = .20) with adults having elevated d’ values relative to
children (Table 3.15).
Table 3.14
Means and Standard Deviations (in Parentheses) of Raw Hits, and False Alarms to Critical Lures, and NonPresented (Un)Related Items as a Function of Age (Experiment 3)
7/8-year-olds
Adults
Central
Peripheral
Central
Peripheral
Hits
.86 (.13)
.63 (.21)
.89 (.11)
.76 (.11)
CL
.80 (.34)
.70 (.29)
.57 (.38)
.75 (.27)
Related
.42 (.32)
.16 (.23)
.35 (.34)
.16 (.24)
Unrel
.04 (.05)
.01 (.03)
Note. CL = Critical lures, Unrel = Unrelated
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Table 3.15
Means and Standard Deviations (in Parentheses) of d’ Values for Hits, and False Alarms to Critical Lures,
and Non-Presented Related Items as a Function of Age (Experiment 3)
7/8-year-olds
Adults
Central
Peripheral
Central
Peripheral
Hits
6.77 (3.31)
4.46 (2.79)
9.52 (3.86)
6.87 (2.08)
CL
8.19 (4.70)
6.79 (4.10)
7.12 (5.86)
8.80 (3.78)
Related
2.83 (5.10)
-.48 (3.33)
3.89 (4.73)
1.67 (3.86)
Note. CL = Critical lures
Table 3.16
Means and Standard Deviations (in Parentheses) of c Values Hits, and False Alarms to Critical Lures, and
Non-Presented Related Items as a Function of Age (Experiment 3)
7/8-year-olds
Adults
Central
Peripheral
Central
Peripheral
Hits
.92 (3.56)
-1.36 (2.79)
.36 (3.11)
-2.29 (1.16)
CL
2.08 (5.52)
.98 (4.34)
-2.05 (5.29)
-.36 (4.02)
Related
-2.97 (4.78)
-5.96 (4.82)
-5.02 (5.03)
-7.49 (3.58)
Note. CL = Critical lures
Table 3.17
Means and Standard Deviations (in Parentheses) of Raw DRM Hits, and False Alarms to Critical Lures, and
Non-Presented (Un)Related Items as a Function of Age (Experiment 3)
7/8-year-olds
Adults
Hits
.71 (.16)
.81 (.13)
CL
.66 (.20)
.81 (.19)
Related
.18 (.16)
.21 (.20)
Unrel
.16 (.11)
.07 (.05)
Note. CL = Critical lures, Unrel = Unrelated
Table 3.18
Means and Standard Deviations (in Parentheses) of d’ Values for DRM Hits, and False Alarms to Critical
Lures, and Non-Presented Related Items as a Function of Age (Experiment 3)
7/8-year-olds
Adults
Hits
2.28 (1.99)
4.42 (2.94)
CL
2.13 (2.42)
5.69 (4.04)
Related
-1.36 (3.02)
.43 (3.90)
Note. CL = Critical lures
Table 3.19
Means and Standard Deviations (in Parentheses) of c Values for DRM Hits, and False Alarms to Critical
Lures, and Non-Presented Related Items as a Function of Age (Experiment 3)
7/8-year-olds
Adults
Hits
-.33 (1.42)
.19 (2.63)
CL
-.18 (2.13)
1.47 (3.41)
Related
-3.34 (3.84)
-3.79 (3.32)
Note. CL = Critical lures
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Bias. For the bias scores, we again found a statistically reliable three-way
interaction (F(1, 83) = 13.01, p = .001, ŋ²partial = .14). Follow-up tests showed the
following. For the central items, bias scores were more conservative in children than
in adults, but only in the eyewitness condition (F(1, 42) = 4.64, p = .04, ŋ²partial = .10).
For the interview condition, this was not statistically significant. For the peripheral
items, there was a general statistical Age effect (F(1, 83) = 4.24, p = .04, ŋ²partial = .05)
with children having lower liberal bias scores than adults (Table 3.16).

False memory
Memory discrimination. When we performed similar analyses on the d’ values of
the false recognition rates (critical items), the following results emerged. Here, we
found a statistically significant Age x Detail interaction (F(1, 83) = 6.44, p = .01,
ŋ²partial = .07). As expected, our results showed that the standard developmental
trend in suggestion-induced false memories was significantly altered such that it
resulted in a developmental reversal effect when misinformation was introduced.
Specifically, simple effect analyses found the following. For peripheral items, we
found that children were less vulnerable to misinformation than adults (F(1, 85) =
5.63, p = .02; ŋ²partial = .06), a finding that illustrates a developmental reversal effect.
For the central items, the results showed no developmental differences between
children’s and adults’ false memory propensity (F(1, 83) = 1.89, p = .17), illustrating
an attenuation of the usual developmental pattern in suggestion-induced false
memories (Table 3.15).
Bias. Our analysis only revealed a statistically significant Age x Detail interaction
significant (F(1, 83) = 5.25, p = .03, ŋ²partial = .06). Additional tests found that only for
the peripheral critical items, bias scores were statistically more conservative in
children than in adults (F(1, 83) = 4.24, p = .04; ŋ²partial = .05). This difference was not
statistically significant for the central critical items (F(1, 85) = 0.61, p = .44; ŋ²partial =
.01l Table 3.16).

False alarms for related and unrelated non-presented items
Memory discrimination. We also looked at d’ values of related and unrelated
items. We found a statistically significant Age effect (F(1, 83) = 5.87, p = .02, ŋ²partial =
.07) with adults (M = 2.78) having higher discrimination scores than children (M =
1.18). Our analysis also found that discrimination scores were higher for the central
than peripheral related items (F(1, 83) = 18.22, p < .001, ŋ²partial = .18).
Bias. Our analysis found statistically lower liberal bias scores for children (M = 4.45) than adults (M = -6.26; F(1, 83) = 6.20, p = .02; ŋ²partial = .07), Furthermore,
lower liberal bias scores were found for the central than peripheral related items
(F(1, 83) = 17.02, p < .001; ŋ²partial = .17),
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For the unrelated items, we found that children had statistically higher false
alarm rates than adults (F(1, 83) = 10.54, p = .002, ŋ²partial = .11).

DRM Task
Hit rates
Memory discrimination. We conducted an ANOVA on the discrimination scores
for the DRM lists. This analysis showed a statistically significant age effect (F(1, 85) =
16.05, p < .001, ŋ²partial = .16) where adults (M = 4.42) had higher scores than
children (M = 2.28; F(1, 85) = 5.63, p = .02; ŋ²partial = .06; Table 3.18),
Bias. No statistical effects emerged (Table 3.19).

False memory
Memory discrimination. Analyses of false memories showed the standard
developmental reversal effect (F(1, 85) = 25.38, p < .001, ŋ²partial = .23) with adults
having higher discrimination scores than children (Table 3.18). .
Bias. We found that adults had more conservative bias scores than children (F(1,
85) = 7.39, p = .008; ŋ²partial = .08; Table 3.19),

False alarms for related and unrelated non-presented items
Memory discrimination. For related items, we also found that adults (M = .43)
had higher acceptance rates than children (M = -1.36; F(1, 85) = 5.75, p = .02, ŋ²partial
= .06).
Bias. No statistical effects emerged.
For unrelated items, false alarm rates were statistically higher for children than
adults (F(1, 85) = 21.50, p < .001, ŋ²partial = .20).

Misinformation-DRM Correlational Analyses
When we examined whether video false memories were related to DRM false
memories, three partial correlational analyses (controlling for age) showed that
video false memories for the peripheral items were statistically related to DRM false
memories (r = 0.29, p = .006).

Discussion
Once again, our findings from Experiment 3 provide clear evidence that using
our meaning-modified misinformation paradigm results in reversals of the usual
developmental trends in suggestion-induced false memories. That is, when children
and adults were confronted with stimuli containing meaningful, associatively-related
details, and were subsequently presented with associatively related misinformation
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(preserving the meaning of the event) about critical, non-presented items, children
were less prone to accepting that misinformation than adults, at least for peripheral
information. Although we had no strong predictions concerning developmental
trends for false memories for central and peripheral items, we did find an
attenuation (central items) and a reversal (peripheral items) of suggestion-induced
false memory development. Specifically, our analysis showed that as expected,
when exposed to misinformation, children were not the most vulnerable to false
memories and were sometimes the least vulnerable.
Because developmental reversals in suggestion-induced false memories
represents a relatively new field of scientific inquiry, we conducted Experiment 4 in
an attempt to further replicate our previous findings (see e.g., Simons, 2014) as well
as see whether developmental reversals can be produced for both central and
peripheral items. In order to examine this, we tested a larger age span and now
specifically focused on development trends in false memories in children. That is, we
tested 4/5-year-olds, 7/8-year-olds, and 11/12-year-olds. We did not test adult
participants in this study because false memory formation is often not different
between 11/12-year-olds and adults (Otgaar et al., 2014).

EXPERIMENT 4
Participants
In this experiment, we included 52 4/5-year-olds (mean age = 4.60, SD = 0.50;
range 4-5; 26 boys), 55 7/8-year-olds (mean age = 7.62, SD = 0.50; range: 7-8; 29
boys), and 51 11/12-year-olds (mean age = 11.51, SD = 0.51; range: 11-12; 24 boys).
A power analysis resulted in a sample size of 68 participants. All children had
parental consent and received a small present for their involvement. We received
parental and school consent to test 158 children and hence, tested all children.
Although equal numbers of children in each group were desired, consent for child
participation meant in that the numbers of children differed somewhat in each age
group. The study was approved by the standing ethical committee of the Faculty of
Psychology and Neuroscience at Maastricht University.

Materials
The exact same materials were used here as in Experiment 3.

Design and Procedure
We used a 3(Age: 4/5-year-olds, 7/8-year-olds, 11/12-year-olds) x 2(Condition:
eyewitness account vs. interview) x 2(Detail: central vs. peripheral) mixed design
with the latter factor constituting a within-participant variable. Participants were
randomly assigned to the different conditions (Eyewitness account: 27 4/5-year-

89

3

Chapter 3
olds, 29 7/8-year-olds, 26 11/12-year-olds; Interview: 25 4/5-year-olds, 26 7/8-yearolds, 25 11/12-year-olds). A similar procedure was implemented as in Experiment 3.

Results
Video Task
Hit rates
Memory discrimination. Data were transformed as in the previous experiments
(see Tables 3.20-3.25 for the Video and DRM data). We conducted a 3(Age: 4/5year-olds, 7/8-year-olds, 11/12-year-olds) x 2(Condition: eyewitness account vs.
interview) x 2(Detail: central vs. peripheral) ANOVA on hit rates. A statistically
significant Age effect was detected (F(2, 144) = 23.37, p < .001, ŋ²partial = .25). Posthoc comparisons showed that 4/5-year-olds (M = 2.72) had statistically lower
discrimination scores than the 7/8- (M = 5.97) and 11/12-year-olds (M = 2.72; all ps
< .001). We also found a significant Detail effect with central items having higher
values than peripheral ones (F(1, 144) = 46.09, p < .001, ŋ²partial = .24). All other
effects were not statistically significant (Table 3.21).
Bias. We only found a statistically significant Detail effect with the most
conservative bias scores for the central items (F(1, 144) = 45.00, p < .001, ŋ²partial =
.24; Table 3.22).
Table 3.20
Means and Standard Deviations (in Parentheses) of Raw Hits, and False Alarms to Critical Lures, and NonPresented (Un)Related Items as a Function of Age (Experiment 4)
4/5-year-olds
7/8-year-olds
11/12-year-olds
Central
Peripheral
Central
Peripheral
Central
Peripheral
Hits
.67 (.24)
.48 (.29)
.87 (.12)
.64 (.16)
.88 (.11)
.80 (.14)
CL
.66 (.40)
.53 (.39)
.88 (.22)
.70 (.23)
.73 (.36)
.82 (.22)
Related
.47 (.28)
.33 (.37)
.43 (.17)
.26 (.22)
.37 (.22)
.17 (.17)
Unrel
.23 (.29)
.04 (.06)
.04 (.05)
Note. CL = Critical lures, Unrel = Unrelated
Table 3.21
Means and Standard Deviations (in Parentheses) of d’ Values for Hits, and False Alarms to Critical Lures,
and Non-Presented Related Items as a Function of Age (Experiment 4)
4/5-year-olds
7/8-year-olds
11/12-year-olds
Central
Peripheral
Central
Peripheral
Central
Peripheral
Hits
3.41(3.17)
2.02(2.76)
7.18(4.11)
4.77(2.86)
7.31(3.72)
6.17(3.41)
CL
2.83(3.33)
1.82(2.41)
5.44(1.74)
3.81(1.81)
4.31(2.76)
4.76(1.90)
Related
1.97(4.20)
.14(3.92)
3.46(4.08)
1.70(2.92)
2.53(4.11)
.65(3.96)
Note. CL = Critical lures
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Table 3.22
Means and Standard Deviations (in Parentheses) of c Values for Hits, and False Alarms to Critical Lures,
and Non-Presented Related Items as a Function of Age (Experiment 4)
4/5-year-olds
7/8-year-olds
11/12-year-olds
Central
Peripheral
Central
Peripheral
Central
Peripheral
Hits
.05(3.87)
-1.30(4.09)
.60(3.11)
-1.81(1.51)
.51(3.45)
-.31(3.01)
CL
.76(6.05)
-1.17(6.40)
3.12(3.70)
-.14(3.96)
1.01(5.57)
1.72(4.27)
Related
-1.51(5.04)
-3.32(6.50)
-3.12(2.52)
-4.88(4.25)
-3.95(3.44)
-5.83(3.83)
Note. CL = Critical lures
Table 3.23
Means and Standard Deviations (in Parentheses) of Raw DRM Hits, and False Alarms to Critical Lures, and
Non-Presented (Un)Related Items as a Function of Age (Experiment 4)
4/5-year-olds
7/8-year-olds
11/12-year-olds
Hits
.68 (.24)
.74 (.13)
.78 (.14)
CL
.64 (.28)
.65 (.21)
.75 (.24)
Related
.54 (.35)
.23 (.19)
.25 (.15)
Unrel
.48 (.33)
.16 (.12)
.13 (.09)
Note. CL = Critical lures, Unrel = Unrelated
Table 3.24
Means and Standard Deviations (in Parentheses) of d’ Values DRM Hits, and False Alarms to Critical Lures,
and Non-Presented Related Items as a Function of Age (Experiment 4)
4/5-year-olds
7/8-year-olds
11/12-year-olds
Hits
.63 (1.86)
2.26 (1.88)
3.20 (2.47)
CL
.81 (2.90)
2.73 (2.68)
4.55 (3.40)
Related
-.26 (3.12)
-.80 (2.74)
.85 (2.91)
Note. CL = Critical lures
Table 3.25
Means and Standard Deviations (in Parentheses) of c Values DRM Hits, and False Alarms to Critical Lures,
and Non-Presented Related Items as a Function of Age (Experiment 4)
4/5-year-olds
7/8-year-olds
11/12-year-olds
Hits
1.48 (3.51)
-.08 (1.01)
-.34 (1.44)
CL
1.70 (4.37)
.39 (2.68)
1.06 (3.94)
Related
.67 (5.37)
-3.14 (3.48)
-2.64 (2.86)
Note. CL = Critical lures

False memory
Memory discrimination. No significant three-way interaction emerged (F(2, 148)
= 1.06, p = .35, ŋ²partial = .01). However, as predicted, we found a developmental
reversal effect. That is, a statistically significant Age x Detail interaction emerged
(F(2, 148) = 6.45, p = .002; ŋ²partial = .08) where simple effects analyses revealed that
for both central and peripheral items, false memories increased with age (central:
F(2, 149) = 10.33, p < .001; ŋ²partial = .12; peripheral: F(2, 148) = 21.19, p < .001;
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ŋ²partial = .22). However, for central items, 4/5-year-olds and 11/12-year-olds did not
differ in terms of false memory rates (p = .052) although this effect was significant
for 4/5-year-olds and 7/8-year-olds (p < .001). For the peripheral items, false
memories increased with age with 4/5-year-olds having lower false memory rates
than 7/8-year-olds and 11/12-year-olds (ps <.001). All other effects were not
statistically significant (see Table 3.21).
Bias. For bias scores, the analysis also demonstrated a significant Age x Detail
interaction (F(2, 148) = 6.33, p = .002, ŋ²partial = .08). Follow-up tests revealed that for
both central and peripheral critical items, an Age effect was observed (central: F(2,
149) = 3.39, p = .04, ŋ²partial = .04; F(2, 148) = 4.62, p = .01, ŋ²partial = .06). However,
for central critical items, post-hoc comparisons showed that only the 4/5-year-olds
and 7/8-year-olds differed somewhat in their bias scores; albeit not significant (p =
.054). For peripheral critical items, 11/12-year-olds had more conservative bias
scores than the youngest age group (p = .01). All other effects were not significant
(Table 3.22).

False alarms for related and unrelated non-presented items
Memory discrimination. For d’ values of the related items, we only found that
4/5-year-olds (M = 1.04) had lower discrimination values than the 11/12-year-olds
(M = 1.56; F(2, 145) = 3.47, p = 0.03; ŋ²partial = .05). We also found that central
related items were better recognized than peripheral related items (F(1, 145) =
21.15, p < .001; ŋ²partial = .13). All other effects were not significant.
Bias. We found that only the youngest children (M = -2.46) had statistically lower
liberal bias scores than the 11/12-year-olds (M = -4.90; F(2, 145) = 5.60, p = .005,
ŋ²partial = .07). Our analysis also showed that bias scores were less liberal for central
than peripheral related items (F(1, 145) = 20.98, p < .001, ŋ²partial = .13). All other
effects were not significant.
For the unrelated items, 4/5-year-olds had statistically higher false alarm rates
than 7/8-year-old sand 11/12-year-olds (F(2, 143) = 20.79, p < .001; ŋ²partial = .23).

DRM Task
Hit rates
Memory discrimination. A univariate ANOVA was performed on the d’ values of
the DRM hit rates. A statistically significant age effect emerged (F(2, 150) = 19.50, p
< .001; ŋ²partial = .21). Post-hoc tests showed that although 11/12-year-olds (M =
3.20) and 7/8-year-olds (M = 2.26) remembered more correct items than 4/5-yearolds (M = .63; ps < .001), the difference between 7/8-year-olds and 11/12-year-olds
was not significant (p = .07; Table 3.24).
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Bias. A significant Age effect was observed (F(2, 150) = 9.62, p < .001, ŋ²partial =
.11) showing that 4/5-year-olds (M = 1.48) had more conservative bias scores than
the 7/8- (M = -.08) and 11/12-year-olds (M = -.34; ps < .002; Table 3.25).

False memory
Memory discrimination. For d’ values of false memories we found a statistically
significant main effect of age (F(2, 151) = 124.11, p < .001; ŋ²partial = .45). Post-hoc
tests revealed a developmental reversal effect in that 11/12-year-olds (M = 4.56)
had higher false memory rates than 7/8-year-olds (M = 2.73) who in turn had higher
false memory levels than 4/5-year-olds (M = .81; all ps < .05; Table 3.24).
Bias. No age effect was found (Table 3.25).

False alarms for related and unrelated non-presented items
Memory discrimination. We found that 11/12-year-olds (M = .85) had higher
discrimination values than 7/8-year-olds (M = -.80; F(2, 151) = 4.27, p = .01, ŋ²partial =
.05).
Bias. The youngest age group (M = .67) had more conservative bias scores than
the 7/8-year-olds (M = -3.14) and 11/12-year-olds (M = -2.64; F(2, 151) = 13.39, p <
.001, ŋ²partial = .15).
For the unrelated items, we found that the youngest group had statistically
higher false alarm rates than the 7/8-year-olds and 11/12-year-olds (F(2, 151) =
43.59, p < .001; ŋ²partial = .37).

Misinformation-DRM Correlational Analyses
Three partial correlational analyses (controlling for age) revealed that video false
memories for central information were statistically related to the formation of DRM
false memories (r = 0.19, p = .02).

Discussion
The findings of Experiment 4 again convincingly demonstrate that false
memories in a suggestibility paradigm can increase with age under circumstances
that focus on the meaning of an event. In this experiment, we even found stronger
evidence for a developmental reversal effect inasmuch as reversals were obtained
for both central and peripheral details. Of course, this occurred only when we
included 4/5-year-olds. Moreover, in this study, we found that for both the
interview and eyewitness account, susceptibility to misinformation increased with
age.
In both Experiments 3 and 4, we showed that when using new material, standard
age-related trajectories in suggestion-induced false memories were attenuated or
even reversed. Although we found in Experiment 3 that this effect was most

93

3

Chapter 3
pronounced for the peripheral items, in Experiment 4, we found developmental
reversal effects for both central and peripheral items, irrespective of misinformation
condition (interview vs. eyewitness statements). Although we expected that an
interview would introduce elements of social pressure, we did not find that this
altered developmental trends in suggestion-induced false memories.

Cross-Experiment Analysis of Developmental Reversals
For each experiment, we identified how many developmental reversal effects for
the video and DRM tasks were predicted and checked how many we found. For
Experiment 1 (video task), we only predicted developmental reversals when
misinformation was provided (n = 4; neutral-central, neutral-peripheral, negativecentral, negative-peripheral). We found reversal effects in all four of them. For the
DRM task, we predicted two reversal effects (neutral and negative) and we also
found reversals for both of them. For Experiment 2 (video task), we expected to find
two reversal effects (central and peripheral) and reversal effects were found for
both. For the DRM task, we expected two reversal effects (neutral and negative) and
two were also detected. For Experiment 3 (video task), four developmental reversals
were predicted (interview-central, interview-peripheral, eyewitness account-central,
eyewitness account-peripheral), and we found evidence for two reversal effects
(interview-central, interview-peripheral). For the other two, we found attenuation
effects. For the DRM task, we expected one developmental reversal effect and we
found evidence for this prediction. For Experiment 4 (video task), we expected four
reversal effects (see Experiment 3) and we found evidence for all of them. For the
DRM task, one reversal effect was predicted and this was also found. Taken
together, for the video and DRM tasks, we find developmental reversal effects in
90% of the cases (18/20). If we only focus on the suggestion-induced false
memories, then we find evidence for reversal effects in 86% (12/14) of the cases.

General Discussion
Our experiments were designed to answer a simple question: Does the typical
developmental trend in suggestion-induced false memories (i.e., age-related decline
in false memory) change when (associatively or semantically) related information is
used as misinformation? The answer is yes. Four experiments showed that under
theoretically prescribed conditions (where misinformation is associatively related to
the originally studied information) that older children and adults were more
vulnerable to false memories than younger children. That is, in contrast to the usual
suggestibility effects in childhood, younger children were not more vulnerable to
false memory production than older children and adults. Indeed, we even found
evidence for a developmental reversal effect in suggestion-based false memories.
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That we found similar results in different age groups (4- to 12-year-olds and adults)
reinforces the argument that under conditions in which people have to rely on
thematic, associative activation, younger children are not more susceptible to false
memories than older children and adults and are even sometimes the least
vulnerable to false memory formation. Moreover, across the four experiments we
used a number of newly created materials and found evidence for changes in the
typical developmental trend in suggestion-induced false memories across these
materials.
If we look more closely at the analyses of age effects in false memory across
experiments (DRM and misinformation), we find that 90% (n = 18) of these analyses
showed clear evidence for developmental reversals. If we only focus on the
misinformation experiments, 86% (n = 12) show developmental reversal effects (see
cross-experiment analysis of developmental reversals). This clearly shows that our
experiments were quite successful in demonstrating that when using meaningconnected material, developmental trends in children’s susceptibility to
misinformation and false memories can be altered and can even be reversed so that
they increase with age. If we compare this with the overview of studies on
developmental false memory effects (see Figure 1a), it is obvious that our
experiments reveal the malleability of suggestion-based false memory development.
Importantly, we found that our developmental effects in suggestion-based false
memories were found mainly in terms of false recognition of critical items. Similar
developmental trends were less pronounced in other variables (e.g., related items).
This is in line with previous research on developmental trends in spontaneous false
memories (Brainerd et al., 2008) and reinforces our argument that our procedure
specifically resulted in spreading activation to critical items and did not spill over
onto less related items. Furthermore, our developmental reversal effects seemed to
go hand in hand with younger children having lower hit rates than older children
and adults, another standard finding in memory development research (Brainerd et
al., 2008).
In Experiments 3 and 4, we also explored whether the presentation of different
types of misinformation (social pressure in an interview format vs. eyewitness
testimony) affected developmental trends in false memory differently. The
reasoning behind this was that external influences such as social pressure might not
load on any endogenous processes (associative activation, gist extraction) and
hence, lead to the standard age-related decrease in suggestion-based false
memories, In Experiments 3 and 4, we found that both social pressure and
eyewitness testimony led to developmental reversal effects. Of course, this issue
warrants further examination, but it might imply that even social pressure is not a
reliable predictor for causing younger children to assent more to misinformation
than older children and adults.
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Links to Theories of Memory Development
Our studies were derived in large measure from the tenets of AAT (Howe et al.,
2009) and it turns out that our findings are consistent with this theory. Recall that in
AAT, false memories arise out of automatic associative activation in one’s
knowledge base and that false memories increase with age because as one’s
knowledge base expands and is restructured (also see Ceci et al., 2007), spreading
activation becomes more automatic (Howe et al., 2009). The presentation of
associatively-related information during the misinformation phase increased
children’s associative activation resulting in either no differences between children’s
and adults’ false memory rates or a developmental increase in false memories. Thus,
when misinformation included the related non-presented details, it was the older
children (and adults) who were most likely to associate these details within their
knowledge base and form false memories.
Of course, it is important to acknowledge that other false memory theories are
also able to explain the current findings. For example, in FTT, developmental
reversals in suggestion-induced false memories would be predicted when gistrelated information was provided during the misinformation phase. Because
younger children were less likely to get the gist from the videos than older children
(and adults), and when misinformation was provided that included the related nonpresented items, older children (and adults) were more likely to associate this with
the presented details and developed more false memories than younger children.
Another aim of the present research was to explore whether valence would
interact with developmental trends in suggestion-induced false memories. That is,
the affect-as-information hypothesis (Corson & Verrier, 2007) predicts that negative
experiences do not lead as easily to false memories as positive ones because people
attend more to item-specific details in negative events, something that lowers false
memory production. However, both AAT and FTT assume that it is easier to extract
the underlying meaning of negative events than more mundane (or positive) events,
because negative events evoke networks of more strongly interrelated nodes.
Information activation is therefore more likely to spread throughout networks of
negative than neutral material, increasing false memory rates. Indeed, we found
that negative materials led to more false memories than neutral material and that
younger children were less likely to produce false memories than older children and
adults for both the neutral and negative material. Thus, in line with the work on
valence and DRM lists (Howe et al., 2010), our experiments also revealed that
valence does not interact with developmental trends in suggestion-induced false
memories. However, one should interpret our emotional false memory effects with
caution as it is unclear whether our video material (in Experiment 1) differed in
valence, arousal, or on even more dimensions (e.g., familiarity). Future studies could
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attempt to replicate the present findings with stimuli controlling for factors such as
valence and arousal.
Finally, our results are related to a developmental-representational theory that
specifies that differences in mental representations of experiences drive memory
development and that these differences explain reversals in memory development.
One important discovery in this area concerns age improvements in metamemory
(i.e., introspection of the contents of memory). This research has shown that
metamemory abilities protect people from the acceptance of false information
(Ghetti, 2008). Indeed, one might argue that falsely recognizing the critical lure
during the recognition task could be due to poor source monitoring in that
participants mistakenly recognize the critical lure as being part of the original event
while it was presented as part of the misinformation. It is true that misinformation
effects are often explained in terms of source misattributions (e.g., Loftus, 2005).
However, poor source monitoring is unable to explain the developmental reversal
effects found in the current experiments. That is, research shows that younger
children have poorer source monitoring abilities than older children and adults
(Lindsay, Johnson, & Kwon, 1991). Based on this, one would expect that younger
children would be more vulnerable to misinformation than older children and
adults. Because we found the opposite pattern in our experiments, it is likely that
our results are better explained in terms of developmental changes in spreading
activation, changes in knowledge base, or the ability to extract gist.

Links to Other Studies of False Memory
One may wonder whether our findings are novel. Developmental reversals have
surfaced in several other memory paradigms besides the DRM paradigm (Candel,
Memon, & Al-Harazi, 2007: memory conformity; Connolly & Price, 2006:
suggestibility; Ceci et al., 2007:misinformation; Goswick, Mullet, & Marsh, 2013:
stories; Lyons, Ghetti, & Cornoldi, 2010: causal narratives; Odegard, Cooper,
Lampinen, Reyna, & Brainerd, 2009: group play; Otgaar & Smeets, 2010: survival
processing; Principe, Gauiliano & Root, 2008: rumor-mongering; Ross et al., 2006:
eyewitness identification; Sloutsky & Fisher, 2004: categorized lists; see for an
overview, Brainerd, 2013). For example, Candel and colleagues (2007) showed that
in free recall, memory conformity effects were stronger in 11/12-year-olds than in
6/7-year-olds. Also, Principe and colleagues (2008) found developmental reversal
effects in a paradigm measuring rumor-mongering. Furthermore, Ross and
colleagues found that adults made more identifications of an innocent bystander
than children. However, there are several critical dimensions present in the current
project that differentiates it from this previous research, making the present results
novel.
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First, as seen earlier, research into developmental reversals in the misinformation
paradigm is extremely limited and developmental reversals have not been extensively
examined for implanted false memories (i.e., misinformation-based false memories).
This is surprising as this paradigm has been at the heart of studies linking false
memories with the legal arena. Indeed, the misinformation paradigm is frequently
regarded as one of the most important paradigms for studying false memories (Loftus,
2005). More importantly, none of the studies listed above followed the
recommendations put forward by Brainerd and colleagues (2011) who suggested that
researchers should study developmental reversals in the misinformation paradigm.
That is, Brainerd and colleagues argued that developmental reversals in the
misinformation paradigm can be revealed when children and adults receive material
containing associatively-related details that are then presented with misinformation
that preserves the underlying meaning of the event. We are the first using such a
procedure and in line with theories as FTT and AAT, we find developmental reversal
effects for suggestion-induced false memories. Second, and as has been articulated by
Ceci et al. (2007) and Brainerd et al. (2011), the present findings are novel because
they have been predicted from an a priori position and are closely based on
theoretical mechanisms found in both FTT and AAT; something that has not been
done before to the extent we have examined it in this article (see below).
It is true that our findings are in line with Ceci et al.’s (2007) study in that these
researchers also used an adapted misinformation paradigm. However, our
experiments add new perspectives to this work. First, we extend Ceci et al.’s (2007)
findings as we have used different and more forensically relevant (videos) materials,
ones that also differed in emotion. Second, we conducted four misinformation
experiments using our adapted protocol and showed developmental reversals
across all of them. Indeed, these reversals in suggestion-induced false memories are
quite robust, something that has not been demonstrated prior to the research
reported in this article. Third, reversals in suggestion-induced false memories have
not been examined from an a priori perspective. Indeed, Ceci, Fitneva, and Williams
(2010, p. 465) acknowledge that work in this area is important because “[s]uch
reversals, albeit rare, present a serious challenge to theory, and past accounts of
their occurrence have been post hoc and have not led to a priori predictions of
when younger and older children’s performance will be similar or reversed.” Finally,
in contrast to previous studies, a novel element of our experiments is that we
compared false memories obtained with our new material with DRM false
memories. In this way, we could check whether mechanisms underlying DRM false
memories (i.e., associative activation) also played a role in the elicitation of
suggestion-induced false memories. As expected, we found evidence that
susceptibility to suggestion-induced false memory was positively linked to DRM false
memory illusions, independent of age.
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The crucial message from the experiments presented here is that the
assumption that children’s testimonial accuracy is necessarily inferior to that of
adults’ is untenable. Indeed, simply by changing the nature of the materials, we
found that older children (and adults) produced more false memories than younger
children. Thus, we have demonstrated that the validity of such an assumption
depends on a number of considerations, ones that derive from theoretical principles
concerning the role of meaning-connected information in events and how this
information interacts with memory development generally and the formation of
false memories specifically.
The focus of our article was on an examination of developmental trajectories of
suggestion-induced false memories that were grounded in semantic activation. Of
course, this limits the generalizability of our findings to other false memories that
are the result of external influences such as social pressure or forced confabulation.
Also, one could argue that our findings are silent about developmental trends in
false memories for autobiographical, real-life experiences. Although this limitation
needs to be taken seriously, there is evidence showing developmental reversal
effects in other eyewitness paradigms such as rumor-mongering and group
conformity (e.g., Candel et al., 2007; Principe et al., 2008). However, it is still
important to be cautious about how far we can generalize our findings and
acknowledge the continuing debate as to whether memory illusions based on
semantic activation are related to other types of (false) memories (e.g., Gallo, 2010;
Ost, Blank, Davies, Jones, Lambert, & Salmon, 2013; Otgaar, Verschuere, Meijer, &
Van Oorsouw, 2012).

Links to Other Domains
Our results have implications for domains other than memory development. For
example, our experiments are in line with the accumulating body of research in
cognitive development that is also showing that younger children sometimes
outperform older children and adults. Indeed, younger children are better at
distinguishing foreign sounds than older children and adults (Kuhl, 2004; Werker,
Yeung, & Yoshida, 2012). Also, younger children are superior in coming up with
alternative ways to use tools than older children (Defeyter & German, 2003). Finally,
Gopnik et al. (2015) showed that unusual abstract causal principles were better
learned by younger than older children.
A likely candidate for a common mechanism for these counterintuitive
developmental patterns is age-related changes in one’s knowledge base. Indeed,
according to Gopnik and colleagues (2015), acquiring new knowledge might result in
being less flexible for new ideas. Furthermore, they reasoned that although a dense
and well-integrated knowledge base might consist of many interrelated connections,
these connections do not leave room for exploratory behavior. For the field of
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memory, our experiments show that such a dense and well-integrated knowledge
base can also be disadvantageous because it gives rise to false recollections.
The implication here is that more focus should be placed on understanding the
role of knowledge base in developmental studies. There are several specific areas
that might benefit from such a focus. For example, in educational contexts,
considerable weight is placed on learning new material and integrating it with one’s
current knowledge base. In order for this to occur, it would be useful to know the
current status of students’ knowledge in order to tailor the new material so that it
can be easily integrated when learning takes place (see also Roediger, 2013). Like
Gopnik and colleagues (2015), it would be relevant to assess whether for certain
concepts and tasks, older children experience more learning difficulties than
younger children.
Another area that might advance from a focus on one’s knowledge base is the
forensic context. The lesson from the current experiments is that a child’s age can
no longer be used as a predictor of their reliability as an eyewitness. Indeed, in many
criminal cases, expert witnesses regularly (falsely) assume that young children are
more apt to produce most kinds of memory errors, whether they arise
spontaneously or due to suggestion-induced pressures (for a recent case, see
Brackmann, Otgaar, Sauerland, & Jelicic, in press). However, there are perhaps other
forensic ramifications of our findings. For example, although not done at present,
one interesting possibility might be to examine whether the DRM paradigm
(referring to one’s knowledge base) is a valid and reliable method of indexing a
person’s susceptibility to form spontaneous false memories in an interrogation
setting. Eyewitnesses, victims, and suspects are occasionally tested on their
vulnerability to suggestive pressure (e.g., Gudjonsson, Sigurdsson, Bragason,
Newton, & Einarsson, 2008), but there is virtually no empirical knowledge about
whether the DRM paradigm could be a useful tool in an interrogation setting as well
(Brainerd et al., 2011).

Conclusion
To recap, we have shown that when using well-specified theoretical principles,
developmental trends in false memories can be manipulated. Although it is
frequently the case that misinformation effects are more pronounced in younger
than older children and adults, we found that developmental trends in these
suggestion-based memory illusions can be reversed. Indeed, across all of the
misinformation experiments reported in this article, susceptibility to suggestion did
not always decrease with age, and that under certain specific conditions, older
children (and adults) were more prone to suggestion-induced false memories than
younger children.
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Abstract
Witnesses are frequently questioned immediately following a crime. The effects of
such testing on false recall are inconclusive: Testing may inoculate against
subsequent misinformation or enhance false memory formation. We examined
whether different types of processing can account for these discrepancies. Drawing
from Fuzzy-trace and Associative-activation theories, immediate questions that
trigger the processing of the global understanding of the event can heighten false
memory rates. However, questions that trigger the processing of specific details can
inoculate memories against subsequent misinformation. These effects were
hypothesized to be more pronounced in children than in adults. Seven/eight-,
11/12-, 14/15-year-olds, and adults (N=220) saw a mock-theft film and were tested
immediately with meaning or item-specific questions. Test results on the succeeding
day replicated classic misinformation and testing effects, although our processing
hypothesis was not supported. Only adults who received meaning questions
benefited from immediate testing and, across all ages, testing led to retrievalenhanced suggestibility.
Keywords: eyewitness memory, false memory, testing effect, misinformation,
inoculation effect, retrieval-enhanced suggestibility
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The Impact of Testing on the Formation of Children’s and
Adults’ False Memories
Witnesses to a crime frequently recall their experiences numerous times. They
may immediately talk about the event to other witnesses or to the emergency staff
arriving at the crime scene, may be interviewed by investigators later, and may be
asked to tell their story in court several years later. To assess the reliability of
witnesses’ recollections, it is essential to examine whether such repeated interviews
strengthen or distort memory traces. The current experiment addressed the issue of
immediate testing and its influence on the development of erroneous recollections.
What we know about repeated interviewing is based largely on empirical studies
that investigate how testing affects long-term memory performance. Immediate
testing has been found to enhance memory retrieval on subsequent memory tasks
compared to mere repeated learning of the to-be-remembered material (see
Roediger & Karpicke, 2006, for a review). For example, children who answered
multiple-choice and free recall questions after a lesson achieved higher correct
recall scores on a later test than children who used the same time to restudy the
material (Roediger & Butler, 2011). Furthermore, in the field of eyewitness
interviewing, the immediate completion of the structured Self-Administered
Interview (SAI) yielded more correct information than free recall or no initial
retrieval on an interview one week later (Hope, Gabbert, Fisher, & Jamieson, 2014;
Krix, Sauerland, Gabbert, & Hope, 2014). Thus, immediate testing seems to enhance
the retention of correct information, and, consequently, yields a beneficial testing
effect.
Intriguingly, the impact of testing on incorrect (as opposed to correct) recall has
only recently become a subject of interest, and the results so far are inconclusive
(e.g., LaPaglia, 2013). Recollections may be tainted by memory distortion processes
that lead to erroneous statements. Much of the research on such false memories
8
has concentrated on the formation of memory illusions triggered by the
presentation of erroneous or misleading information (also referred to as
misinformation) without directly examining the effect of testing as a moderating
variable. An increase in incorrect recall or recognition for items that were misled
compared to non-misled control items has been dubbed the misinformation effect.
A standard procedure used to induce such erroneous recollections is the
misinformation paradigm. Here, participants first see a stimulus event (e.g., a video
8

Please note that we use the term false memories to refer to false recollections of entire events as well
as recollections of erroneous details.
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of an armed robbery; van Bergen, Horselenberg, Merckelbach, Jelicic, & Beckers,
2009), are then misinformed about items depicted in the event (e.g., an incorrect
number of people present in the video), and are subsequently asked what they
remember (see Loftus, 2005, for a review). Furthermore, the misinformation effect
is more pronounced in younger children compared to older children and adults (see
Bruck & Ceci, 1999, for a review).
Memory research has suggested that testing might not only positively affect
correct recall but also protect against the production of false memories. Researchers
argue that taking a test strengthens the memory trace for a specific event, which in
turn reduces the impact of forgetting and external misinformation (e.g., Chan,
Thomas, & Bulevich, 2009). In support of the protective value of testing, studies
have frequently found an inoculation effect against misinformation (e.g., Pansky &
Tenenboim, 2011; Wang, Paterson, & Kemp, 2013). In one of these studies,
participants filled out the SAI immediately after seeing a video of a robbery
(Gabbert, Hope, Fisher, & Jamieson, 2012, Experiment 1). One week later,
misinformation was introduced via a mock report on a news homepage. On a final
free-recall test, the SAI group demonstrated significantly higher correct recall rates
and were less affected by the negative effects of misinformation compared to a
control group that did not fill out the SAI prior to the misinformation.
Although these findings seem to show that testing may guard against the
production of false memories, other studies have challenged this conclusion. That is,
recent studies have demonstrated elevated false memory rates after taking a test
(e.g., Chan & Langley, 2011; Chan & LaPaglia, 2011; Gordon & Thomas, 2014;
Wilford, Chan, & Tuhn, 2014). This effect, labelled retrieval-enhanced suggestibility
(Chan et al., 2009), may be related to two underlying mechanisms: a focus on the
misinformed items or the overwriting of the original memory trace due to testing.
The former mechanism represents a preference for the newly stored (erroneous)
information, while the latter causes the previously stored (correct) information to
become inaccessible. Both processes disturb the reconsolidation of the original
event and lead to higher false memory rates following the introduction of
misinformation (Chan & Langley, 2011). In one of the studies that demonstrated
retrieval-enhanced suggestibility, even the use of the Cognitive Interview (CI)
increased the susceptibility to misinformation considerably (LaPaglia, Wilford,
Rivard, Chan, & Fisher, 2014). Specifically, LaPaglia and colleagues’ participants
completed either the CI, a free-recall test, or a distractor task after seeing the video
of a theft. After all participants had seen a distractor video, they listened to a
summary of the theft that included misinformation. Correct recall rates were
highest in the CI group, but so too were false memory rates. The authors suggest
that the initial retrieval of information using the CI might have heightened
participants’ awareness of memory strengths and weaknesses. While listening to the
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post-event summary, this awareness has supposedly let to a focus on the conflicting
information or information that filled in knowledge gabs and therefore promoted
the acceptance of erroneous post-event information. These results are important
because the CI is a generally accepted structured interview instrument that
enhances correct recall without undermining overall accuracy (Memon, Meissner, &
Fraser, 2010). Although it is known that the CI is accompanied by small increases in
incorrect recall (Memon et al., 2010), its aggravating effect on the proneness to
subsequent misinformation is new.
One way to resolve these contrasting findings (inoculation vs. retrieval-enhanced
suggestibility) is to consider the methodological details in those studies. These
include delay between the event and testing (Pansky, 2012) or the introduction of
misinformation (Chan & LaPaglia, 2011), recall type (cued recall vs. free recall; Wang
et al., 2013), form of misinformation (questions vs. narratives; LaPaglia & Chan,
2013), and contextual embedding of misinformation (LaPaglia, 2013). One factor
that has rarely been examined is how information (i.e., the type of processing) is
retrieved in the testing phase (but see Pansky & Tenenboim, 2011).
According to Fuzzy-Trace Theory (FTT, Brainerd, Reyna, & Ceci, 2008) and
Associative-Activation Theory (AAT, Howe, Wimmer, Gagnon, & Plumpton, 2009;
Otgaar, Howe, Peters, Smeets, & Moritz, 2014), different types of processing are
directly linked to the formation of false memories. FTT postulates that when
witnessing an event, at least two memory traces are stored in parallel. One trace
captures the underlying meaning and understanding of an event, the gist
information, and the other trace stores item-specific details, the verbatim
information. For instance, when witnessing a robbery, the gist trace captures that a
weapon was involved while the verbatim trace stores what kind of weapon (a black
object out of which bullets were shot, accompanied with noise). According to FTT,
false memories are caused by a reliance on gist traces when retrieval of verbatim
traces is not possible. Similarly, in AAT, both item-specific and relational (meaning)
information is stored following an event, although both are stored in a single
integrated memory trace. AAT links the production of false memories to an
automatic activation of neighbouring information in one’s knowledge base. Thus,
being confronted with a pistol simultaneously activates knowledge about other
weapons. If relational information swamps item-specific information in memory and
during retrieval, then memory illusions can prevail on tests of recall and recognition.
According to both theories, the witness might erroneously infer that a knife was the
weapon used in the robbery. Although earlier research has mainly focused on the
formation of spontaneous false memories (see Brainerd et al., 2008 for an
overview), newer studies also link AAT and FTT to misinformation induced false
memories (Otgaar, Howe, Brackmann, & Smeets, 2016).
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Pansky and Tenenboim (2011) reasoned that only immediate testing on the
item-specific (verbatim) and not on the relational or meaning (gist) level protects
against misinformation while simultaneously heightening correct recall. In their
study, adult participants first viewed a slide show depicting a normal day of a
student. Subsequently, half of the participants had to answer one cued question
that needed a one-word response (e.g., What did Inbal drink at the neighbourhood
pub?), while the other half of participants received a follow-up question to further
specify the previous answer in a two-word response (i.e., What kind of wine?). The
one-word response was supposed to reflect meaning processing and the two-word
response item-specific processing.9 After a delay of two days, participants received
misinformation embedded in questions and then completed a final cued recall test
on the item-specific processing level. False memory rates for the misinformed items
that were tested with the two-word response approach were comparable to those
obtained for the non-misinformed items. For the misinformed items that were
tested with the one-word response approach, the false memory rates were
significantly higher than for the non-misinformed items. Accordingly, only
immediate item-specific questioning (two-word response approach) and not
meaning questioning (one-word response approach) yielded an inoculation effect
against misinformation.
Drawing from both practical and theoretical considerations, we extended Pansky
and Tenenboim’s (2011) approach in the current experiment. More specifically, we
examined the effect of meaning versus item-specific testing on the susceptibility to
misinformation from a developmental angle. Children and adolescents may witness
a crime and, like adults, be confronted with immediate questions about the
witnessed event. Moreover, both AAT and FTT predict developmental changes in
false memory rates. In FTT (see Brainerd & Reyna, 2004, for a review), the ability to
extract the underlying meaning of an event (gist) develops more slowly with age
compared to the ability to capture the item-specific (verbatim) details of an
experience. In AAT (see Howe et al., 2009; Otgaar et al., 2014), children make fewer
meaning-based inferences because their knowledge base (e.g., associative networks,
script knowledge) is less developed than that of older children or adults. Thus,
younger children have a less developed understanding of typical connections than
adults and false memories that are due to reliance on understanding the meaning
(gist) of an event increase with age.

9

Note that Pansky and Tenenboim (2011) used the terms verbatim and gist level to differentiate
between their groups. To be consistent throughout the document, we refer to item-specific and meaning
level, respectively. This is in line with the definition put forward by Hunt and Einstein (1981).
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Because of the importance of these developmental changes in memory illusions,
we included children, adolescents, and adults in the current study. We triggered
meaning or item-specific processing via immediate testing on several items after
participants saw a video of a theft. Although all participants answered the same
general questions, these questions were either followed by a question focussing on
the underlying meaning (meaning group) or by a question focussing on specific
details (item-specific group). On a subsequent testing day, we introduced
misinformation for some items using a fictitious eyewitness account that summarised
the video. Finally, all participants answered memory questions to assess memory for
the original event.
We expected to replicate the classic misinformation effect with higher false
memory rates for misinformed than for non-misinformed items and that this effect
would be more pronounced in children than in adults. Drawing from findings
concerning test effects in the absence of misinformation, we expected better
memory performance for items that were tested compared to those that were
untested. This effect should be present across all age groups and for both types of
processing (meaning vs. item-specific). Given that findings of the inoculation effect
stand in stark contrast to the findings of retrieval-enhanced suggestibility, the
anticipated effect of immediate testing for misinformation items was nondirectional and analyses were conducted in a purely exploratory manner.
Further, we hypothesized that meaning versus item-specific processing might
account for the divergent findings in the extant literature such that participants who
received meaning questions should be more vulnerable to subsequent
misinformation than participants who received item-specific questions. Thus,
retrieval-enhanced suggestibility is more likely to occur after immediate questioning
at the meaning level while an inoculation effect is more likely after immediate
questioning on an item-specific level. Although the ability to extract meaning and
item-specific information undergoes considerable developmental improvements,
the former development is more protracted than the latter (Bjorklund, 1987;
Brainerd et al., 2008; Howe et al., 2009). Thus, we hypothesized that whereas itemspecific testing should be beneficial for all ages (inoculation effect), meaning testing
should affect younger children more than older children, adolescents, and adults
increasing their retrieval-enhanced suggestibility. This is based on both AAT and FTT
predicting that false memories are more likely to occur when meaning-based
information is relied upon instead of item-specific information. Furthermore,
according to the tenets of AAT and FTT, an age-related increase exists in the ability
to spontaneously extract the meaning (gist) information of an event. Forced
processing at the meaning level through testing may enable younger children to
better extract relational information and this may have the negative consequence of
heightening false memory rates.
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Method
Participants
Two-hundred-and-twenty participants took part in the experiment. Specifically,
59 7/8-year-olds (Mage = 7.78, SD = 0.62), 57 11/12-year-olds (Mage = 11.94, SD =
0.84), 53 14/15-year-olds (Mage = 14.96, SD = 0.62), and 51 adults (Mage = 22.32, SD =
1.99) were tested in their native language. Child and adolescent participants were
recruited from elementary schools and high schools in the Netherlands and
Germany. Consent of the school principals and parents were obtained prior to
testing. Adult participants were university students, who received course credit or a
7.50€ voucher for their participation and gave their informed consent prior to
participation. The study was approved by the standing ethical committee of the
Faculty.

Materials
Video. The 6:36-min version A of the video developed by Takarangi, Parker, and
Garry (2006), which depicts a theft, was used as the stimulus film. It shows an
electrician wandering around a house repairing electrical objects and using or
stealing belongings from the owner. The video includes eight critical items which
have been shown to reliably elicit a misinformation effect when erroneous
information was introduced after the video.
Immediate questions. The immediate testing phase consisted of paired questions
on nine items shown in the film. All participants answered the same general whatquestions (e.g., “What did Eric wear?”). The follow-up questions were either on a
meaning or item-specific level. To elicit a meaning response, participants received a
subsequent question asking for what the item mentioned in the first question is
used for (“Why do people wear trousers?”; see Appendix A for a complete list of
questions for the meaning testing group). Alternatively, to elicit an item-specific
response, participants received a subsequent question asking what kind of item was
mentioned in the first question (“What kind of trousers did Eric wear?”; see
Appendix B for a complete list of questions for the item-specific testing group). A
two-alternative forced choice answer format was offered for the general whatquestions as well as the follow-up questions to ensure processing comparability
across conditions. Therefore, all participants received the same questions and
answers for the general question and a follow-up question that was tailored to the
previously given answer. Whether option a or b was correct was selected randomly
and was the same for every participant (see Appendix C for the answer key for the
immediate questions). The order of the paired questions was randomized per
participant.
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The questions were developed based on the questionnaire used by Takarangi et
al. (2006). All participants received the same general questions. A two-alternative
answer format was chosen to avoid floor-effects and to ensure processing on the
group-specific level. We used a theory-driven approach that relied on assumptions
derived from AAT and FTT to construct the group-specific follow-up questions. To
assess the semantic knowledge and to trigger processing on the meaning level, we
added a follow-up question that requested a meaning-based explanation to the first
answer. The item-specific questions were posed in a comparable manner to the
study of Pansky and Tenenboim (2011) in the sense that the subsequent follow-up
question prompted a more specific answer to the first question. To assess concrete
event-specific knowledge and to trigger processing on the item-specific level, we
added a follow-up question that requested an explanation in more detail. All
participants received paired questions – the same general question and a follow-up
question on either a meaning or an item-specific level – independent of group
allocation.
Misinformation. A 3:55-min eyewitness account of a female person describing
the thief’s activities was played aloud to introduce misinformation. The written
narrative used by Takarangi et al. (2006) was translated into German and Dutch and
minor details were adjusted to resemble an eyewitness statement. A full verbatim
transcript can be obtained from the first author upon request. The auditory
summary contained misinformation about eight items (see Appendix C for a
specification of misinformed items). Half of these items had been previously tested
in the immediate question phase on either the meaning or item-specific level (see
Figure 4.1 for a visualisation of the design and procedure). The column labelled
misinformation gives an overview of the composition of the items, which depends
on their former reference (column immediate testing and type of processing).
Final memory test. The final memory test consisted of the same 18 questions for
all participants (see Appendix D online). The questions were posed in the more
specific what kind of item-specific format with two-alternative forced choice answer
options. Eight questions referred to the misled items from the eyewitness account
(see Figure 4.1). Four of these misinformed items had been previously tested in the
immediate testing phase. The other 10 items were neutral and served as control
items. Five of these non-misinformed items were previously tested in the immediate
testing phase. Appendix C (online) gives an overview of the answer key for the final
memory test, whether the item has been tested during immediate questions or not,
and if it was erroneously depicted within the eyewitness account (misinformation
manipulation).
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Day 2

Day 1

9 tested
items
7/8 years
(n =59)

Meaning testing
(9 items)
9 untested
items

11/12 years
(n = 57)
14/15 years
(n = 53)
adults
(n = 51)

9 tested
items
Item-specific
testing (9 items)
9 untested
items

Age

Type of
processing

Immediate
testing

Misinformation
(4 items)
No misinformation (5 items)
Misinformation
(4 items)

Final memory
test (18 items)

No misinformation (5 items)
Misinformation
(4 items)
No misinformation (5 items)
Misinformation
(4 items)

Final memory
test (18 items)

No misinformation (5 items)
Misinformation

Figure 4.1. Overview of the design and procedure. Age and type of processing were between-subjects
variables. Half of the participants of each age group were tested with meaning questions while the other
half received item-specific questions after viewing the target video on day 1. The factors immediate
testing and misinformation were manipulated within subjects and refer to the immediate questions on
day 1 and the misinformation via the eyewitness account on day 2.

Design
The experiment used a 4 (Age: 7/8 vs. 11/12 vs. 14/15 years vs. adults) x 2 (Type
of Processing: meaning vs. item-specific testing) x 2 (Immediate Testing: tested vs.
untested) x 2 (Misinformation: misinformation vs. no misinformation) mixed
factorial design. Age and type of processing served as between-subjects variables
while immediate testing and misinformation were manipulated within-subject.

Procedure
The experiment took place in quiet testing rooms at the university or
elementary/high school on two consecutive days. Individual test sessions lasted
approximately 15 min. Random group assignment was accomplished by providing
scoring sheets that either affiliated the participants with the meaning or the itemspecific group. Experimenters had no influence on the group assignment. Roughly
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half of the participants of each age group were allocated to the different question
groups.
On the first day of testing, participants saw the video of the theft. After a short
filler-task (Tetris, approximately 3 min), participants were tested on a meaning or
item-specific level. One day later, participants listened to the eyewitness account
that contained misinformation. Following a short filler task (Tetris, approximately 3
min), the final memory questions were asked in the same order as piloted by
Takarangi et al. (2006). These questions served as a final memory test. They included
items that were already questioned on day one as well as new items. On half of
these untested and tested items, misinformation was introduced on the second day
(see Appendix C for a detailed description of these items).

Results
We wanted to examine the effects of different types of testing on the
vulnerability to misinformation in different age groups. To this end, we computed a
4 (Age: 7/8 vs. 11/12 vs. 14/15 years vs. adults) x 2 (Type of Processing: meaning vs.
item-specific testing) x 2 (Immediate Testing: tested vs. untested) x 2
(Misinformation: misinformation vs. no misinformation) mixed measures ANOVA.
Four dependent scores computed from the final memory test served as the
outcome variables. These concern the proportion of incorrect answers on the tested
and untested misinformation and no misinformation items which was used a proxy
measure of false memories.10 Table 4.1 gives an overview of the descriptives of the
final memory test scores.

10

Note that slight violations in normality and homoscedasticity were observed. Nevertheless, because of
split samples bigger than 20 and a predominance of low scores for the 14/15-year-olds, the model was
not found to be invalid.
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Table 4.1
Mean Proportion of Incorrect Answers in the Final Memory Test as a Function of Age, Type of Processing,
Immediate Testing, and Misinformation
Tested items
Untested items
No
No
Misinformation
misinformation
Misinformation
misinformation
Type of
Age
processing
M
SD
M
SD
M
SD
M
SD
7/8
Meaning
.43
.20
.19
.16
.56
.22
.39
.24
Item
.59
.29
.14
.18
.53
.17
.37
.20
11/12
Meaning
.54
.23
.09
.13
.54
.19
.23
.20
Item
.53
.31
.15
.17
.50
.23
.30
.17
14/15
Meaning
.49
.33
.03
.07
.52
.20
.25
.19
Item
.43
.30
.04
.08
.38
.20
.26
.18
Adults
Meaning
.20
.22
.05
.12
.26
.23
.23
.20
Item
.20
.18
.07
.11
.36
.20
.18
.16
Note. Mean scores were calculated by dividing the number of incorrect answers by the total number of
items per condition and as such can range between 0 (all items were answered correct) and 1 (all items
were answered incorrect).

Preliminary Analyses
To determine whether our outcomes are due to item characteristics rather than
our specific manipulations, we examined whether test scores on the first day
affected our final test outcomes independent of our misinformation manipulation.
To do this, we first performed an analysis on item difficulty to assess whether items
that were misinformed on the second day differed from those items that were nonmisinformed prior to the introduction of the misleading eyewitness account during
immediate testing on day one. To this end, we conducted a paired sample t-test to
compare the proportion of correct answers to the immediate questions on day one
in misinformed and non-misinformed items. There was no statistically significant
difference between misinformed (Mcorrect = .71, SD = .19) and non-misinformed
items (Mcorrect = .68, SD = .15) prior to the introduction of misinformation, t(219) =
1.86, p = .064, r = .12. Thus, item difficulty during immediate testing on day one did
not differ. Second, we performed a linear regression analysis on the item level. This
was performed solely for the misinformed items. The combined final memory scores
served as dependent variables. These combined variables differentiate between
misinformed and non-misinformed items, but not between tested or untested ones.
The mean score of misinformed items on day one served as predictor. No significant
effect was found, F(1, 218) = 1.85, p = .176, R2 = .008. The score on the misinformed
items prior to misinformation on day one did not influence the test score after
misinformation on day two. Thus, item difficulty on day one did not account for the
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final test outcome on day two. Therefore, the misinformation effects we report next
were not driven by item difficulty.

Main Analyses
The predicted interaction between age, type of processing, immediate testing,
and misinformation was not statistically significant, F(3, 212) = 2.23, p = .085, ƞp2 =
.03. However, there were statistically significant three- and two-way interactions
which qualified the main effects (Table 4.2). Using simple interactions and simple
main effects, we specify the interactive influences on the final memory score below.
Table 4.2
Results of the Four-Way Mixed Measures ANOVA with Age and Type of Processing as Between-subject
Factors and Immediate Testing and Misinformation as Within-subject Factors
2
F
df
p
ƞp
Age x Type of Processing x Immediate Testing x Misinformation
2.23
3
.085 .03
Age x Type of Processing x Immediate Testing
.79
3
.500 .01
Age x Type of Processing x Misinformation
2.98
3
.032 .04
Age x Immediate Testing x Misinformation
2.47
3
.063 .03
Type of Processing x Immediate Testing x Misinformation
.67
1
.415 .00
Age x Type of Processing
1.22
3
.305 .02
Age x Immediate Testing
1.62
3
.186 .02
Age x Misinformation
8.80
3
<.001 .11
Type of Processing x Immediate Testing
1.57
1
.211 .01
Type of Processing x Misinformation
.12
1
.732 .00
Immediate Testing x Misinformation
32.03
1
<.001 .13
Age
37.78
3
<.001 .35
Type of Processing
.05
1
.825 .00
Immediate Testing
71.29
1
<.001 .25
Misinformation
270.77
1
<.001 .56
Note. Significant higher-order interactions are discussed in the text using simple interactions and simple
main effects.

Misinformation effect. The three-way interaction between age, type of
processing and misinformation was statistically significant, F(3, 212) = 2.98, p = .032,
ƞp2 = .04. All three-way interactions including immediate testing were nonsignificant. Accordingly, we combined the final memory scores across tested and
untested items. Figure 4.2 shows that the significant Age x Type of processing x
Misinformation interaction may stem from differences in vulnerability to
misinformation as a factor of age and type of processing. Specifically, the effect of
misinformation versus no misinformation appears to be smaller in adults who were
tested in the meaning group compared to all other ages and types of processing. To
confirm this impression, we first analyzed the simple Age x Misinformation
interaction on each level of type of processing (meaning vs. item-specific testing).
The results showed that the simple Age x Misinformation interaction was significant
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in the meaning testing group, F(3, 212) = 9.17, p < .001, ƞ2 = .12, but not in the itemspecific testing group, F(3, 212) = 2.32, p = .077, ƞ2 = .03.

Figure 4.2. Proportion of incorrect answers as a function of age and misinformation for meaning (top
graph) and item-specific testing (bottom graph). Error bars represent 95% confidence intervals.

To gain a deeper understanding of the significant Age x Misinformation
interaction in the meaning testing group, we subsequently looked at the secondorder simple effect of misinformation (misinformation vs. no misinformation) on
each level of age (7/8 vs. 11/12 vs. 14/15 years vs. adults) in the meaning testing
group. This analysis revealed that the contaminating effect of misinformation
differed as a function of age. Although the misinformation effect was comparably
high in 11/12-year-olds (misinformation: M = .54, SD = .16, no misinformation: M =
.16, SD = .12), F(1, 216) = 46.71, p ˂ .001, ƞ2 = .15, and 14/15-year-olds
(misinformation: M = .51, SD = .21, no misinformation: M = .22, SD = .14), F(1, 216) =
38.59, p ˂ .001, ƞ2 = .12, it was smaller in 7/8-year-olds (misinformation: M = .49, SD
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= .17, no misinformation: M = .29, SD = .16), F(1, 216) = 14.61, p ˂ .001, ƞ2 = .05, and
non-significant in adults (misinformation: M = .23, SD = .17, no misinformation: M =
.14, SD = .12), F(1, 216) = 2.34, p = .051, ƞ2 = .01. Consequently, for the meaning
tested sample, we found a misinformation effect in children and adolescents, but
adults were not statistically affected by misinformation. Note that adults had low
rates of incorrect recognition in misinformed as well as non-misinformed items.
Even with a more lenient p-value criterion, considering p = .051 as marginally
significant, the effect of the difference between these items would still be
considered very low ƞ2 = .01. That is, we only found little support for a
misinformation effect in adults. As predicted, the misinformation effect was much
stronger in younger than older children and adolescents.
Testing effect. Interestingly, we did find a statistically significant two-way
interaction in which immediate testing played a role. The two-way interaction
between immediate testing and misinformation was significant, F(1, 212) = 32.03, p
< .001, ƞp2 = .13. Simple main effects showed that the misinformation effect was
almost double the size after testing (misinformation: M = .43, SD = .29; no
misinformation: M = .10, SD = .14; F(1, 215) = 241.93, p ˂ .001, ƞ2 = .50) compared to
no testing (misinformation: M = .46, SD = .23; no misinformation: M = .28, SD = .20;
F(1, 215) = 81.64, p ˂ .001, ƞ2 = .27)11. This is illustrated in Figure 4.3 in which the
magnitude of the difference between the 1st and 2nd bar (difference of .33),
reflecting the misinformation effect for tested items, is considerably bigger than in
the 3rd and 4th bar (difference of .18), reflecting the misinformation effect for
untested items respectively. Thus, ignoring type of processing and age, immediate
testing almost doubled the size of the misinformation effect. Our data therefore
support retrieval-enhanced suggestibility. All other main effects and interactions
were non-significant.

11

We thank an anonymous reviewer for suggesting this approach to analyzing our data.
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Figure 4.3. Proportion of incorrect answers as a function of immediate testing and misinformation. Error
bars represent 95% confidence intervals.

Discussion
The present study was designed to determine the effect of different types of
processing (meaning vs. item-specific) on testing effects in relation to vulnerability
to misinformation. Extending previous studies, not only adults, but also children and
adolescents were tested immediately after having seen a target event (i.e., theft).
On a second testing day, misinformation was introduced using an eyewitness
account. We replicated the beneficial effect of immediate testing (Roediger &
Karpicke, 2006) and the harmful effect of misinformation (Loftus, 2005) on memory
performance. Contrary to our expectation, our processing manipulation in
immediate testing did not play a pivotal role in participants’ subsequent vulnerability
to misinformation. However, immediate testing increased the misinformation effect
resulting in a clear retrieval-enhanced suggestibility effect. This is, to our knowledge,
the first evidence of a retrieval-enhanced suggestibility effect in children. The results
as well as their implications are discussed in more detail in the following paragraphs.
First, we found the predicted testing effect as described by Roediger and
Karpicke (2006), which manifested itself in better memory performance for tested
than for untested items. Second, in addition to the testing effect, we replicated the
classic misinformation effect (e.g., Loftus, 2005). Here, we found higher false
memory rates for the items that were misled than for those that were not misled
across all ages. Importantly, the misinformation effect was larger for tested items
than for untested items, supporting the notion of retrieval-enhanced suggestibility.
We are the first to show this effect in a sample that not only included adults, but
also children and adolescents. Furthermore, consistent with previous developmental
findings (see Bruck & Ceci, 1999, for a review), the harmful effects of misinformation
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were more pronounced in children than in adults. Adding to previous studies that
rarely included an adolescent age group (as pointed out by Jack, Leov, & Zajac, 2013
and by McGuire, London, & Wright, 2015), we showed that the adolescents were
nearly as susceptible to misinformation as the children. This suggests that
adolescents’ eyewitness reports should also be assessed cautiously and may not be
put on the same level as statements by adults. Consequently, for adolescents as well
as for children, a detailed analysis of the circumstances under which statements
were obtained is important as is whether or not post-event misinformation was
possibly involved.
We were most interested in the effect of different types of testing on the
vulnerability to misinformation. We predicted that item-specific testing could
account for the inoculation effect, while testing meaning might promote testenhanced suggestibility. We based our assumptions on theoretical considerations
and on a previous study investigating the effect of different types of testing in adults
(Pansky & Tenenboim, 2011). In an attempt to determine the source of
discrepancies with other studies, we conducted exploratory analyses into the level
of processing during testing. Because of the age decrease in the vulnerability to
misinformation (without previous testing), we expected that the effects of testing
would be more pronounced in younger than older children and adults.
Our results showed that the type of processing (meaning vs. item-specific)
apparently cannot account for the diverging findings regarding the impact of testing
on the vulnerability to misinformation. That is, surprisingly, there were no overall
differences as a function of meaning versus item-specific testing. The only exception
in which type of processing had an influence was the adult group who was tested on
meaning (see the result section on the misinformation effect). Adults tested in the
item-specific group, and child and adolescent participants in both processing groups,
showed increases in incorrect recognition after misinformation versus no
misinformation irrespective of type of processing. However, adults tested in the
meaning group showed no higher incorrect recognition rates after misinformation
compared to no misinformation. Consequently, only for the adults tested in the
meaning group were there no harmful effects of misinformation, providing some
support for the inoculation effect.
Pansky and Tenenboim (2011) found that item-specific (verbatim) testing and
not meaning (gist) testing yielded an inoculation effect of testing against
misinformation in adults. However, we found the opposite pattern, namely, that
meaning testing and not item-specific testing yielded some kind of inoculation effect
inasmuch as meaning testing in the adult group prevented participants from falling
prey to misinformation. This inconsistency may be due to differences in how
misinformation was introduced. An inoculation effect of testing against
misinformation was more frequently found when misinformation was introduced via
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questions (LaPaglia & Chan, 2013). Likewise, Pansky and Tenenboim used such an
approach whereas we embedded the misinformation into a narrative. This approach
has been found to favor test-enhanced suggestibility (LaPaglia & Chan, 2013); a
pattern that was supported by our finding. Another possible reason for the
inconsistencies with Pansky and Tenenboim is the diverging operationalization of
the types of processing. According to Pansky and Tenenboim, item-specific
(verbatim) processing, operationalized with a two-word response approach, yielded
an inoculation effect whereas meaning (gist) processing, operationalized with a oneword response approach, had no beneficial influence on false memory rates. An
alternative explanation for their lower false memory rates in the two-word response
group is that repetitive testing of the critical item occurred, compared to single
testing in the one-word response group that only received one question. Likewise,
only the two-word response condition focused on item-specific information whereas
the one-word response did not necessarily trigger information retrieval at a meaning
level as stipulated by AAT or FTT. In the current study, we addressed these
limitations by employing a follow-up question not only for the item-specific, but also
the meaning group. This question stimulated participants to think about why a
depicted action, for example the theft of jewelry, had been performed. If repetitive
questioning about an item accounted for the inoculation effect, this effect should
have been detectable in the item-specific as well as the meaning testing group.
However, this pattern of results was not found in the present experiment.
The question remains as to why we found a small inoculation effect against
misinformation in our adult meaning testing group. The inoculation effect is thought
to occur because immediate testing strengthens the memory trace for the original
event (e.g., Wang et al., 2013). This advantage preserves it from the subsequent,
negative influences of misinformation. Apparently, the immediately retrieved
information does not need to correspond entirely with the later requested
information. Although our immediate meaning question led participants to process
the underlying meaning of the details witnessed, our final memory test asked for
item-specific information.
Besides the protective effect of meaning testing in adults, we found no effects of
testing on the susceptibility to misinformation in other age groups. This may have
been due to either no influence of type of processing or a failure in the induction of
the manipulation. Even though our operationalization of meaning and item-specific
processing was thought to emphasize the effect of testing on the susceptibility to
misinformation and to be more forensically relevant, we did not find such an effect
regardless of age. We expected immediate meaning testing compared with itemspecific testing to elevate suggestibility to misinformation across all ages but, in
particular, in younger children. However, no age effect was found. This does give us
insight into the effect of different types of testing on subsequent vulnerability to
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misleading information. Whereas younger children are most prone to
misinformation irrespective of type of testing, adults might somewhat benefit from
meaning testing.
We tried to match our experiment as much as possible to naturally occurring
circumstances during a crime (i.e., witnessing a theft), without losing control over
possible extraneous factors. Naturally, due to ethical constraints and the age of our
youngest participants, we were not able to show a highly upsetting video. It is
known that stress, which is likely experienced during a real crime, can negatively
influence memory (Deffenbacher, Bornstein, Penrod, & McGorty, 2009). However,
others argue that the impact might be neutral (e.g., Krix, Sauerland, Raymaekers,
Memon, Quaedflieg, & Smeets, 2016; Sauerland et al., 2016) or even positive (e.g.,
Roozendaal & McGaugh, 2011). Thus, future research might also take the stress
component into account when trying to disentangle the inoculating effect from testenhanced suggestibility.
Another point to be considered is the answer format which should be as free as
possible to match real-life interview techniques. The present study employed a
forced-choice answer format to ensure processing on either the meaning or itemspecific level. The advantage of such an answer format is that even very young
children understand what is expected from them and no floor-effects emerge
caused by difficulties in understanding the instructions. However, no differentiation
between guessing and actually knowing can be drawn in a forced-choice answer
format. It is unknown whether incorrect recognition rates were based on the
formation of a false memory or on the wrong choice when no memory could be
retrieved. Thus, we did not base our conclusions on absolute incorrect recognition
rates but on differences in incorrect recognitionl rates between the conditions.
To conclude, this study sheds light on whether immediate interviewing has a
beneficial or harmful effect on delayed memory performance. Although it did not
provide evidence for the idea that type of processing is a crucial factor concerning
inoculation versus retrieval-enhanced suggestibility, it did address questions about
the nature of these opposing findings. One implication of our findings is that
immediate conversations with other witnesses or bystanders, emergency personnel,
or police officers at the crime scene do not necessarily impair memory consolidation
processes. On the contrary, immediate testing can have beneficial effects when
witnesses are not subsequently influenced by erroneous information. However,
avoiding such an influence is nearly impossible. Indeed, our findings support the
conclusion that testing may increase the magnitude of the misinformation effect at
all ages. Therefore, it is crucial to better understand when immediate testing does
(or does not) make participants vulnerable to subsequently incorporating
misinformation into their memory of the witnessed (target) event.
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Appendix A
Immediate Questions with the Follow-up Questions on the Meaning Level
a

1
1.a
1.b
2
2.a
2.b
3

What did Eric eat?
Why do people eat an apple?
Why do people eat a pear?
What did Eric read while sitting on the bed?
Why do people read a magazine?
Why do people read a newspaper?

5.b

What was in the first room?
Why is there a bed in the first room?
Why is there a couch in the first room?
Through what did Eric thumb/ flick while sitting on the
sofa?
Why do people thumb through an album while
sitting on the sofa?
Why do people thumb through a newspaper
while sitting on the sofa?
What was standing in front of the house?
Why was a cabriolet standing in front of the
house?
Why was a bus standing in front of the house?

6.a
6.b

What was standing next to the pile of letters Eric skimmed
through?
For what is a cup used for?
For what is a plant used for?

7.a

What did Eric drink?
Why do people drink a soft drink?

3.a
3.b
4
4.a
4.b
5
5.a

6

7

7.b
8
8.a
8.b
9

Why do people drink a hot beverage?
What did Eric steal in the bathroom?
Why do people steal towels?
Why do people steal medicines?
What did Eric steal in the second bedroom?

b
Apple
Pear
To assuage
To taste food
appetite
To assuage
To taste food
appetite
Magazine
Newspaper
To entertain To gain knowledge
themselves
To entertain To gain knowledge
themselves
Bed
Couch
To read on
To sleep on
To read on
To sleep on
Album
Newspaper
To gain
To entertain
knowledge
themselves
To gain
To entertain
knowledge
themselves
Cabriolet
Bus
To transport To drive from one
things location to another
To transport To drive from one
things location to another
Cup
Plant
To drink out To contain liquid
To decorate To improve the air
quality
Soft drink
Hot beverage
To appease thirst To increase their
blood sugar
To appease thirst
To get warm
Towels
Medicines
To sell them
To use them
To sell them To misuse them
Silverware
Jewellery

To sell it
To collect it
9.a
Why do people steal silverware?
To sell it
To collect it
9.b
Why do people steal jewellery?
Note. Whether the follow-up question x.a or x.b was posed depended on the answer to the preceding
general question. The order of questions was randomized per participant.
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Appendix B
Immediate Questions with the Follow-up Questions on the Item-specific Level
a
1
1.a
1.b
2
2.a
2.b
3
3.a
3.b
4
4.a
4.b
5
5.a
5.b
6
6.a
6.b
7
7.a
7.b

What did Eric eat?
What kind of apple did Eric eat?
What kind of pear did Eric eat?
What did Eric read while sitting on the bed?
What kind of magazine did Eric read?
What kind of newspaper did Eric read?
What was in the first room?
What kind of bed was in the first room?
What kind of couch was in the first room?
Through what did Eric thumb/ flick while sitting on the
sofa?
Through what kind of album did Eric thumb
while sitting on the sofa?
Through what kind of newspaper did Eric
thumb while sitting on the sofa?
What was standing in front of the house?
What kind of cabriolet was standing in front of
the house?
What kind of bus was standing in front of the
house?
What was standing next to the pile of letters Eric
skimmed through?
What kind of cup was standing next to the pile
of letters Eric skimmed through?
What kind of plant was standing next to the pile
of letters Eric skimmed through?
What did Eric drink?
What kind of soft drink did Eric drink?
What kind of hot beverage did Eric drink?

b

Apple
Red apple
Red pear
Magazine
Time Magazine
The Guardian
Bed
Made
Blue couch
Album

Pear
Green apple
Green pear
Newspaper
Newsweek
Magazine
The Observer
Couch
Unmade
Red couch
Newspaper

Sticker album

Photo album

The Observer

The Guardian

Cabriolet
Blue Cabriolet

Bus
Red Cabriolet

Blue bus

Red bus

Cup

Plant

White cup

Yellow cup

White bloom

Yellow bloom

Soft drink
Coca-Cola

Hot beverage
Pepsi

Coffee

Tea

8

What did Eric steal in the bathroom?
Towels
Medicines
Red towels
Blue towels
What kind of towels did Eric steal in the
bathroom?
Pillbox
Bottle of juice
8.b
What kind of medicine did Eric steal in the
bathroom?
9
What did Eric steal in the second bedroom?
Silverware
Jewellery
Fork
Spoon
9.a
What kind of silverware did Eric steal in the
second bedroom?
Ring
Necklace
9.b
What kind of jewellery did Eric steal in the
second bedroom?
Note. Whether the follow-up question x.a or x.b was posed depended on the answer to the preceding
general question. The order of questions was randomized.
8.a
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Appendix C
Answer Key for Questionnaires with a Specification of Misinformed Items
Item
#
immediate
questions

Item #
Immediate questions Misinformation
Final memory test
final
on day 1
on day 2
on day 2
memory Correct
Incorrect
Correct
Incorrect
test
answer
answer
answer
answer
1
1
a
b
non-misinformed
a
b
2
2
a
b
Newsweek Magazine
a
b
3
not tested on day 1
non-misinformed
a
b
4
not tested on day 1
non-misinformed
b
a
5
not tested on day 1
Eiffel Tower
b
a
3
6
a
b
Unmade bed
b
a
7
not tested on day 1
non-misinformed
a
b
8
not tested on day 1
non-misinformed
a
b
9
not tested on day 1
Blue cap
b
a
10
not tested on day 1
AJ’s Electrician
a
b
11
not tested on day 1
Wall clock
a
b
4
12
a
b
non-misinformed
b
a
5
13
b
a
non-misinformed
b
a
14
not tested on day 1
non-misinformed
a
b
6
15
a
b
Yellow cup
a
b
7
16
a
b
Pepsi
a
b
8
17
b
a
non-misinformed
b
a
9
18
b
a
non-misinformed
a
b
Note. Whether the correct answer was offered as choice a or b was randomly chosen and was the same
for every participant. No key was developed for the follow-up questions x.a or x.b.
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Appendix D
Final Memory Test
a
1
2
3

b

Red apple
Time Magazine
In the hallway

Green apple
Newsweek Magazine
In the kitchen

Screwdriver

Pliers

Eiffel tower

Leaning Tower of Pisa

Unmade
Multi socket

Made
Single socket

Blue CD cover

Red CD cover

Blue cap

Black cap

RJ’s Electrician

AJ’s Electrician

Wristwatch

Wall clock

Sticker album

Photo album

Red bus

Blue bus

Under the plant pot

Under the doormat

White cup

Yellow cup

Coca-Cola

Pepsi

Bottle of juice
What kind of medicine did Eric steal in
the bathroom?
Ring
18
What kind of jewellery did Eric steal in the
second bedroom?
Note. The displayed order of questions was similar for all participants.

Pillbox

4
5
6
7
8
9
10

11
12
13
14
15
16
17

What kind of apple did Eric eat?
What kind of magazine did Eric read?
Where precisely did Eric read the letter of
the owner?
What kind of tool did Eric use while
working on the oven?
What kind of photo did Eric see in the
hallway?
What kind of bed was in the first room?
What kind of socket did Eric check in the
second bedroom?
What kind of CD did Eric play in the
second bedroom?
What kind of cap did Eric fit in the second
bedroom?
What is the name of the business Erik
works for? What kind of Electrician is
Erik?
What kind of device did Eric use to check
the time before turning off the TV?
Through what kind of album did Eric
thumb/ flick while sitting on the sofa?
What kind of bus was standing in front of
the house?
In what kind of hiding place did Eric find
the key?
What kind of cub was standing next to
the pile of letters Eric skimmed through?
What kind of soft drink did Eric drink?

Necklace
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Abstract
Obtaining an elaborate witness statement is essential for police investigations.
Free recall, however, sometimes lacks richness of detail, especially in younger
witnesses. Drawing from deception detection and educational psychological
literature, we tested the beneficial value of a model statement to enhance recall
quantity without decreasing accuracy in 48 adults (Experiment 1), and in 110 7-10year-old children and 14-17-year-old adolescents (Experiment 2). Participants either
listened to an unrelated account (i.e., model statement) or performed a filler task
prior to recalling a target event witnessed one week earlier. We replicated age
increases in statement quantity and age-related decreases to suggestive follow-up
questions. No effect of model statement was found. Reasons for why a model
statement was ineffective and recommendations are discussed.
Keywords: Eyewitness memory, child witnesses, misinformation, practice
narrative, learning by example

Public Significance Statement
This study tested if providing child, adolescent, and adult witnesses with a
statement that gives them an idea about what to report (richness of detail,
admitting knowledge gaps, etc.), may help them to give more detailed accounts. For
now, model statements have not proven to facilitate retrieval. Legal researchers
should investigate if active versus passive involvement causes diverging findings with
other memory facilitating techniques such as practicing a narrative.
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Testing a new Approach to Improve Recall in Different Ages:
Providing Witnesses with a Model Statement
Legal professionals generally strive to receive complete and accurate statements
from witnesses. Witness statements do not, however, always meet these demands.
Some details of the witnessed event might be omitted or distorted and it is
therefore important to assist witnesses in their event recall. The current
experiments test a promising new instrument that might improve recall quantity
without decreasing accuracy in witnesses of different age, namely the introduction
of a model statement.
Witnesses do not give a literal account of what they experienced. This is because
memory is reconstructive, malleable, and easily affected by suggestive influences
(e.g., Loftus, 2005). Incorrect information can slip into eyewitness testimonies and
indeed, an abundance of research has demonstrated the plasticity of memory in
response to misleading external information (i.e., the misinformation effect; Loftus,
2005). Suggestive question styles that are leading (“You will feel better after telling
me what he did to you”), imply the desired answer (“You have seen a black man,
right?”), or put doubt on a previous response (“Are you sure that it happened like
this?”), and the exposure to erroneous information may distort memory profoundly.
The McMartin Preschool and Kelly Michaels day-care abuse cases, as well as several
recovered memory cases, are prominent examples in which poor quality suggestive
interviews were performed (Loftus, 1993; Schreiber et al., 2006).
Given the obvious perils that suggestive interviewing techniques exert on
memory, it should be acknowledged that interviewing witnesses is a challenging
task. In general, interviewers do not intentionally pose suggestive questions, but
witnesses and victims are not necessarily talkative, and legal practitioners typically
work under time pressure. If a witness does not deliver information voluntarily
during an interview, police frequently revert to using targeted questions (e.g., Lamb
et al., 2003). Posing cued and closed questions, however, may distort eyewitness
memory, especially for vulnerable witnesses such as children (Bull, 2011). Free recall
accounts result in the most accurate statements and are therefore recommended in
interviewing contexts (Lamb, Hershkowitz, Orbach, & Esplin, 2008).
However, free recall accounts are often incomplete and do not include all
information that a witness has encoded. These omission errors may be due to
underlying beliefs or uncertainties of the witness about how and what to report
during an interview (Larsson & Lamb, 2009). Consequently, interview methods
typically aim to enhance the completeness and accuracy of reports. Examples of
memory-enhancing methods can be found in structured interview protocols such as
the National Institute of Child Health and Human Development Investigative
Interviewing (NICHD) Protocol (Lamb et al., 2008) or the Cognitive Interview (Fisher
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& Geiselman, 1992). Both protocols begin with informal rapport building and setting
ground rules of the interview before continuing with the witnessed event. Recall
starts with free recall prompts (“Please tell me everything you know” – “Tell me
more about that”) and only continues with more targeted, non-misleading questions
when the interviewee indicates to have completed the account. Bearing in mind the
danger of posing suggestive questions, it is desirable to elicit as much correct
information as possible in the free recall phase.
Although these protocols elicit complete and accurate accounts (Lamb, Orbach,
Hershkowitz, Esplin, & Horowitz, 2007; Memon, Meissner, & Fraser, 2010), they
frequently cannot accommodate for witnesses and/or victims that provide scarce
statements (e.g., child witnesses) at baseline. One promising method to enhance
statement quantity in the free recall phase stems from the deception detection
literature. In a recent study, Leal, Vrij, Warmelink, Vernham, and Fisher (2013; Study
2) examined whether listening to a model statement prior to making an insurance
claim would facilitate discriminability between truth tellers and liars. Participants
listened to an unrelated account of a motor race visit given by an unknown person
as a model for their own account. Intriguingly, providing a model statement that had
no connection to the later recalled target event opposed to merely asking openended questions not only facilitated the discriminability between truth tellers and
liars, but also led to longer and more detailed statements. A follow-up study
(Bogaard, Meijer, & Vrij, 2014) again demonstrated the enhancing effect on
statement quantity and informative cues (although lie detection was not eased).
Furthermore, the authors emphasized the easiness of implementing such an
intervention, which gives the interviewee an idea on how and what to report in the
free recall phase, in real forensic interviews.
The use of a model statement could therefore be a rather simple and timeefficient way to enhance statement quantity without decreasing accuracy. Even
though model statements were originally tested with the purpose of eliciting cues to
detect deceit in adults suspected of a crime, it also has the potential for enhancing
statement quantity during investigative interviews of witnesses or victims. This is
especially true for witnesses who are withholding information or are very young.
The idea behind the beneficial impact of a model statement on statement quantity
and accuracy has not only been suggested in deception detection research, but also
in the educational psychology literature (e.g., knowledge about learning in a school
or parental context). Specifically, studies showed that being provided with an
example (cf. passive exposure to instructions) enables learners to better understand
what is expected of them (e.g., van Gog & Rummel, 2010; Renkl, 2014).
These results on learning by example (i.e., modelling) suggest that providing
witnesses with a model statement that contains all the ingredients of an “ideal”
statement (e.g., many details, references to sound, visual and contextual details,
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etc.) may enable them to grasp what is expected, resulting in a boost in recall
quantity without decreasing accuracy. Note that practicing a free recall account by
means of prompts to provide a statement about a neutral and unrelated
experienced event before witnesses are interviewed about the target event is a tool
included in the NICHD protocol (Brown et al., 2013). The parallel between such a
practice narrative and the use of a model statement is that in both approaches
witnesses learn what is expected from them and this positively affects their retrieval
performance. Field research using practice narratives revealed that children
provided longer statements about alleged abuse when they previously reported
about a recently experienced neutral event (Price, Roberts, & Collins, 2013).
Unfortunately, police officers omit the practice narrative in a majority of
analysed field interviews with children (65%; Price et al., 2013). Reasons for the
reluctance to use practice narratives include difficulty in choosing an appropriate
unrelated topic, worries about wasting time that could better be used to interview
the child about the event under investigation, and doubts of the added value (Price
et al., 2013; Roberts, Brubacher, Powell, & Price, 2011). Providing a pre-recorded
model statement might overcome these practical concerns as no direct input of the
interviewer is needed. From an applied perspective, model statements might be
more likely to be implemented in interviewing settings than practice narratives
because passively listening to a prerecorded model statement might be less
demanding for interviewers/ees than actively partaking in a dialogue about an
unrelated event.
In the current paper, we examined the possible benefit of using a model
statement to facilitate eyewitness memory in both adult (Experiment 1) and child
and adolescent participants (Experiment 2). The latter constitute a group that often
needs extra support when providing a statement and that is especially prone to
comply with misleading interviewing techniques (e.g., Bull, 2010). Roughly half of
our participants were presented with a model statement referring to an unrelated
event while the other half were not. We hypothesized that participants in the model
statement condition would outperform their counterparts in the no-model
condition for number of correct details without decreasing accuracy of the witness
report (Bogaard et al., 2014; Leal et al., 2013). Given that older children or adults are
better able to provide a comprehensive free recall account, we also predicted
greater improvement of statement quantity for younger children in Experiment 2
(e.g., Lamb, Sternberg, & Esplin, 2000; Nelson & Fivush, 2004). Furthermore,
children are more often exposed to modelling in everyday life (during encounters
with peers and adults) than adults (van Gog & Rummel, 2010; Renkl, 2014).
Therefore, we expected that children would more readily incorporate the model
statement as an example for their own statement than older participants.
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EXPERIMENT 1
Method
Participants
Forty-eight adults (10 men, 19-39 years, M = 22.61, SD = 3.27), took part in
both sessions of Experiment 1. Three additional participants only showed up for
session 1 (+/- 1 day; drop-out rate 5.88%). An à priori power analysis with a power of
.80 and an estimated medium effect size of d = 0.70 resulted in a sample size of 52.
This is a conservative estimate of the required sample because previous effect sizes
were large. Participants were mainly second-year university students who received
course credit in return for participation.

Materials
Stimulus video. A 1:17-minute video fragment of a mock crime depicting the
ostensible theft of a camera served as stimulus film.
Model statement. A 2:31-minute audiotape was used as model statement. A
speaker described a true event of having witnessed a group of teenagers spray
graffiti on a wall.
Recall prompts. A free-recall invitation (“Tell me everything you remember from
the beginning to the end”) was used to elicit an unbiased statement of the
witnessed event. When participants had finished their account, more specific cued
questions followed (see Appendix A for a script of the cued questions). All
participants received structured interview questions concerning the appearance of
persons, actions, and surroundings.

Design and Procedure
Participants were randomly assigned to the model statement or no-model
statement condition (ns = 24). The experiment was conducted in English and
consisted of two sessions with a delay of one week (+/- 1 day; M = 7.04, SD = 0.90).
Participants’ statements were audio recorded and transcribed after the second
session.
The first session lasted approximately 10 minutes. Participants received
information about the purpose of the study (to test ways to enhance recall quantity)
and watched the stimulus film. In session two, one week later, half of the
participants listened to the model statement with the information that it was an
illustration of a witness statement, while the other half performed an unrelated
filler-task (playing Tetris). Next, participants were asked to provide a detailed
account of the content of the video. Participants were informed that they could
respond “don’t know” when they were unsure about something. When participants
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finished their account, the experimenter continued with the structured interview
questions. Finally, participants were debriefed and asked to keep the content of the
experiment to themselves. The second session lasted approximately 30 minutes.

Coding of Statements
Five transcribed statements were randomly selected and independently coded
by seven coders with a preliminary coding protocol. Any disagreement was
discussed afterwards and the coding protocols were adjusted accordingly. This
procedure resulted in a free-recall coding protocol that included 82 items and a
protocol for the structured interview questions that included 64 possible
statements. The item values were mutually exclusive (an item was either recalled
correctly, incorrectly, or not mentioned). Commissions were also coded.
Additionally, the word count of the transcribed statement was established. All 48
transcripts were independently coded by at least two of seven coders. Again,
disagreements were resolved in discussion. There were no significant differences
between coders or experimenters who conducted the interviews in respect to
interview quantity and number of correct items per condition (all ps > .05). To
determine inter-coder reliability, 23% (n = 11) of the statements were randomly
selected and coded by the first author who was blind to the condition. Cohen’s К on
item-level was found to be almost perfect for free-recall (.85) as well as for cued
questions (.81; Landis & Koch, 1977).

Results
Free Recall
Statement quantity. We ran a Mann-Whitney’s U test to analyse if the statement
quantity of the free recall report differed as a function of listening to a model
statement. A non-parametric sample t test was used because of violation of the
normality assumption. Total word count ranged from 78 to 316 (Mdn = 154.00) in
the no-model statement condition and from 114 to 439 (Mdn = 169.50) in the
model statement condition. Free recall quantity in the model statement condition
(mean rank = 27.29) did not statistically significantly differ from free recall quantity
in the no-model statement condition (mean rank = 20.57), U = 355, z = 1.682, p =
.093, r = .25. The data were also examined by estimating a Bayes factor
(Wagenmakers et al., 2015) which was found to be BF10 = 0.71 indicating that our
data are more in support of the null than the alternative hypothesis.
Statement accuracy. In addition to the number of correct details, incorrect
details, and total accuracy (proportion of correctly recalled items relative to the
total number of recalled items), the number of missing details were compared
between groups. The top part of Table 5.1 depicts the descriptive and inferential
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statistics of the outcome values. Contrary to our expectations, model statement
condition did not have an effect on correct details, incorrect details, or missing
details, all ps ≥ .685. Bayes factor scores (BF10) ranged from 0.29 to 0.31, indicating
that our data were more likely in support of the null than alternative hypothesis.
Table 5.1
Descriptive and Inferential Statistics of Outcome Scores for Free Recall and Cued Questions as a Function
of Model Statement Condition (Experiment 1)
No-model statement
Model statement
M (SD)
95 % CI
M (SD)
95 % CI
t(46) p
r
Free recall
Correct details 17.58 (6.25) [14.94, 20.22] 18.25 (4.99) [16.14, 20.36] -.41 .685 .06
Incorrect details 1.79 (1.35) [1.22, 2.36]
1.83 (1.61) [1.16, 2.51] -.10 .923 .01
Missing details 62.58 (6.95) [59.65, 65.52] 61.92 (5.87) [59.44, 64.39] .36 .721 .05
Accuracy
.91 (.06)
[.88, .94]
.92 (.07)
[.89, .95] -.40 .688 .06
Cued questions Correct details 26.13 (5.94) [23.62, 28.63]
Incorrect details 5.04 (2.40) [4.03, 6.06]
Missing details 31.83 (6.97) [28.90, 34.78]
Accuracy
.84 (.06)
[.81, .84]
Note. CI = confidence interval.

26.92 (5.66) [24.53, 29.31] -.47
5.54 (2.90) [4.32, 6.77] -.65
30.54 (6.40) [27.84, 33.24] .67
.83 (.08)
[.80, .87]
.37

.639
.519
.507
.717

.07
.10
.10
.05

Cued Questions: Statement Accuracy
Analogous outcome variables as described in the free recall section above were
used. The bottom part of Table 5.1 depicts the descriptive and inferential statistics
of the outcome values. Listening to a model statement compared to not listening to
a model statement did not have an effect on correct details, incorrect details,
missing details, or accuracy, all ps ≥ .507. Bayes factor scores (BF10) ranged from
0.29 to 0.35, suggesting that our data were more in support of the null than the
alternative hypothesis.

Discussion
Experiment 1 was designed to determine whether listening to a model
statement would benefit adults when making witness statements, compared to a
control condition. In contrast to previous studies (Bogaard et al., 2014; Leal et al.,
2013), we did not find a beneficial effect of presenting a model statement. One
explanation for this finding may relate to our sample’s age. Based on the relative
inferiority of testimony provided by children, we expected younger participants to
be more likely to benefit from a model statement than adults. In Experiment 2, using
a design analogous to Experiment 1, we tested children and adolescents using a
more ecologically valid target event - a staged crime. As an exploratory aim, in
Experiment 2, we also included some misleading questions in the cued question
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section. The rationale behind this adjustment to the method was twofold. One
reason is the growing body of experiments that study the effect of recall enhancing
interventions on suggestibility to misinformation and the possible detrimental
effects associated with it (e.g., Brackmann, Otgaar, Sauerland, & Howe, 2016). The
other reason is that suggestibility to misleading information is a problem especially
in children (Bruck & Ceci, 1999).

EXPERIMENT 2
Method
Participants
One-hundred-and-ten participants, consisting of 60 children (28 male, 7-10
years, M = 8.60, SD = 0.72) and 50 adolescents (28 male, 14-17 years, M = 16.09, SD
= 0.73) took part in Experiment 2. An à priori power analysis with a power of .80 and
an estimated medium effect size (f = .30) resulted in a sample size of 90. The
experiment took place at the participant’s schools. Prior to testing, school principals
provided approval and parents provided consent.

Materials
Staged event. Participants witnessed a staged live event depicting the theft of a
wallet. Two confederate amateur actors who were unknown to the participants
enacted the scene. Each performance in front of the pupils was video recorded. The
staged event lasted approximately 10 minutes. At the beginning of the staged event,
the class teacher announced the arrival of a researcher who wanted to inform the
pupils about a study that was going to be conducted the week thereafter. Then
actor 1, a blond woman, started introducing herself and explaining the ostensible
purpose of the study. Interest in the pupil’s opinions about school activities served
as a cover story. While actor 1 told the children about her own experiences with
school activities, the eavesdropping person called actor 1 on her cell phone. Actor 1
interrupted her speech, informed the pupils that she needed to answer the call and
left the classroom. Shortly after, actor 2, a dark-haired woman, entered the room.
She pretended to have forgotten her wallet in actor one’s handbag, rummaged in it,
and left the classroom again with a wallet in hand. When actor 1 returned into the
classroom (about 30 sec. later), she was still on the phone, told the pupils that she
urgently had to leave, grabbed the camera, and left.
Model statement. An audiotape describing having witnessed a soccer game in
which a player purposely hurt another player was used as model statement. The
event was a recall by a peer of comparable age. The original event was described by
a boy (10 years) who was instructed to give a detailed account of a self-experienced,
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recent, short event that had a clear beginning and end. To enable the older agegroup to identify with the speaker of the model statement as well, the same account
was recorded by a young adult woman (21 years). The model statement for child
participants lasted 2:18 minutes and for adolescents 1:59 minutes.
Recall prompts. The recall prompts were analogous to Experiment 1 (first a freerecall instruction followed by more specific cued questions). The cued questions
differed in content and, in addition to the procedure in Experiment 1, included some
misleading questions (five in total; see Appendix B for a script of the cued
questions).

Design and Procedure
The study used a 2 (age: children vs. adolescents) x 2 (model statement:
model statement vs. no model statement) between-subjects design. Participants
were randomly assigned to the model statement conditions (model statement
condition: nchildren = 31 (M = 8.57, SD = 0.60), nadolescents = 22 (M = 16.14, SD = 0.79);
no-model statement condition: nchildren = 29 (M = 8.64, SD = 0.84), nadolescents = 28 (M
= 16.06, SD = 0.68)).
The experiment consisted of two sessions with a delay of one week (+/- 1 day; M
= 7.11, SD = 0.31) in between. The staged event was performed in front of the entire
class. Individual interview sessions took place in quiet rooms at the school with only
the experimenter and participant being present. Participants’ free-recall statements
were audio recorded and literally transcribed after the second session. The entire
experiment was conducted in Dutch. The participants as well as interviewers were
all native speakers. Verbal consent was obtained from participants before the
second session. After the whole class had been tested, pupils were debriefed and
thanked for their participation with a candy bar.
During the first session, the actors performed the live staged event. It was
ensured that the actors were not seen together at any time and that the
participants remained naive to the true purpose of the study. One week later, two
or three different interviewers returned to the school and informed participants
that the focus of the study had changed due to the unexpected event of the wallet
theft and questions about the theft would therefore be asked. Before continuing to
the interview, participants either listened to the model statement or performed an
unrelated filler-task (spot the differences) for the same period of time. Participants
received a general instruction which asked for a full and detailed account of the
wallet theft. After participants completed their account, the experimenter
continued with the structured interview questions. At the end of the session,
participants were asked to keep the content of the experiment to themselves until
the whole class had been asked about the event by the end of the day. The second
session lasted approximately 10 minutes.
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Coding of Statements
A similar approach as in Experiment 1 was used to code the interviews. There
was no statistically significant difference between coders or experimenters who
conducted the interviews in respect to interview quantity and number of correct
items per condition (all ps > .05). Inter-coder reliability (Cohen’s К) between the two
coders on item-level was established by coding 25% (n = 27) of the statements and
found to be almost perfect for free-recall (.96) and cued questions (.93; Landis &
Koch, 1977).

Results
Free Recall
Statement quantity. We ran a 2 (age: children vs. adolescents) x 2 (model
statement: model statement vs. no model statement) factorial ANOVA to analyse if
the statement quantity of the free recall report differed between children and
adolescents across model statement conditions. There was no statistically significant
interaction between age and condition for statement quantity, F(1, 106) = 0.16, p =
.687, ηp2 � .01, and no main e�ect of condi�on, F(1, 106) = 0.84, p = .362, ηp2 = .01.
There was a statistically significant main effect of age, F(1, 106) = 15.27, p < .001, ηp2
= .13, showing that children spoke fewer words than adolescents (see superscript a
in Table 5.2 for the descriptive statistics).
Statement accuracy. Multiple ANOVAs (Bonferroni corrected) with the number of
correct details, incorrect details, total accuracy, and number of missing details as
dependent variables (see Table 5.2 for the descriptive statistics) revealed no
interaction effect between age and model statement condition, all ps ≥ .668, and no
main effect of model statement condition, all ps ≥ .401. Bayes factors suggested that
the data were more in favour of the null than alternative hypothesis: BF10s < 0.77;
Wagenmakers et al., 2015). Some main effects of age, on the other hand, were
statistically significant. Age differences were absent for incorrect details, F(1, 106) =
0.81, p = .370, ηp2 = .01, and total accuracy, F(1, 106) = 0.72, p = .400, ηp2 = .01.
Statistically significant age differences emerged for correct (see superscript b), F(1,
106) = 27.77, p < .001, ηp2 = .21, and missing details (superscript c), F(1, 106) =
27.43, p < .001, ηp2 = .21. Children reported fewer correct details and were more
likely to not report information than adolescents.
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Statement quantity
Correct details
Incorrect details
Missing details
Accuracy

185.82 (101.26)
16.46 (7.70)
0.78 (0.88)
52.75 (7.74)
.95 0(.06)

[146.56, 225.08]
[13.48, 19.45]
[0.45, 1.13]
[49.75, 55.75]
[.93, .97]

194.45 (97.12)
17.23 (8.54)
1.05 (1.53)
51.73 (9.05)
.95 0(.07)

[151.39, 237.52]
[13.44, 21.01]
[0.37, 1.72]
[47.72, 55.74]
[.92, .98]

189.62 (98.54)
b
16.80 (8.01)
0.90 (1.20)
c
52.30 (8.27)
.95 0(.07)

a

[161.61, 217.63]
[14.52, 19.08]
[0.56, 1.24]
[49.95, 54.65]
[.93, .97]

Both conditions
M (SD)
95 % CI
a
124.52 (77.01)
[104.62, 144.41]
b
10.58 (4.00)
[9.55, 11.62]
0.73 (0.92)
[0.50, 0.97]
c
[57.60, 59.77]
58.68 (4.19)
.94 0(.08)
[.92, .96]

Across ages

159.85 (96.03)
[133.38, 186.32]
154.11 (92.93)
[136.55, 171.67]
Statement quantity
148.77 (90.47)
[124.77, 172.78]
Correct details
13.26 (6.74)
[11.48, 15.05]
13.57 (7.06)
[11.62, 15.51]
13.41 (6.86)
[12.11, 14.71]
Incorrect details
0.74 (0.94)
[0.49, 0.99]
0.89 (1.17)
[0.56, 1.21]
0.81 (1.05)
[0.61, 1.01]
Missing details
56.00 (6.81)
[54.19, 57.81]
55.55 (7.46)
[53.49, 57.60]
55.78 (7.10)
[54.44, 57.12]
Accuracy
.95 0(.08)
[.92, .97]
.94 0(.07)
[.92, .96]
.94 0(.07)
[.93, .96]
Note. CI = confidence interval. Rows or columns sharing the same superscript letter differ significantly (p � .05� see main te�t for inferen�al sta�s�cs)

Adolescents

Table 5.2
Descriptive Statistics of Outcome Scores for Free-Recall as a Function of Model Statement Condition and Age (Experiment 2)
No-model statement
Model statement
M (SD)
95 % CI
M (SD)
95 % CI
Children
Statement quantity
113.00 (61.53)
[89.60, 136.40]
135.29 (88.77)
[102.73, 167.85]
Correct details
10.17 (3.67)
[8.78, 11.57]
10.97 (4.31)
[9.39, 12.55]
Incorrect details
0.69 (1.00)
[0.31, 1.07]
0.77 (0.84)
[0.46, 1.08]
Missing details
59.14 (3.79)
[57.70, 60.58]
58.26 (4.56)
[56.59, 59.93]
Accuracy
.94 0(.09)
[.91, .96]
.93 0(.07)
[.91, .96 ]
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Cued Questions: Statement Accuracy
Non-misleading questions. Analyses analogous to the free recall section were
performed for the non-misleading cued questions (Table 5.3 displays the
descriptives). There was no interaction effect between age and model statement
condition, all ps ≥ .229, and no main effect of model statement condition, all ps ≥
.362. Some main effects of age were again significant: Age differences were absent
for correct details, F(1, 106) = 1.69, p = .196, ηp2 = .02, but statistically significant for
incorrect details (see superscript a), F(1, 106) = 33.26, p ˂ .001, ηp2 = .24, missing
details (superscript b), F(1, 106) = 12.80, p = .001, ηp2 = .11, and total accuracy
(superscript c), F(1, 106) = 10.86, p = .001, ηp2 = .09.
Misleading questions. The proportion of questions that were answered into the
direction of the suggestion relative to the number of misleading questions served as
dependent variable in a two-way ANOVA testing the effect of misleading questions
on age (Table 5.3 displays the descriptives). There was no statistically significant
interaction between age and model statement condition for misleading questions,
F(1, 106) = 1.76, p = .188, ηp2 = .02, or main effect of condition, F(1, 106) = 0.02, p =
.893, ηp2 ˂ .01. There was, however, a sta�s�cally signi�cant main e�ect of age, F(1,
106) = 7.44, p = .007, ηp2 = .07, indicating that children were more susceptible to
suggestion than adolescents (see superscript d).
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Correct details
Incorrect details
Missing details
Accuracy
Suggestibility

6.77 (3.26)
0.68 (0.65)
3.55 (3.39)
.88 0(.21)
.17 0(.20)

[5.33, 8.22]
[0.40, 0.97]
[2.04, 5.05]
[.78, .97]
[.08, .26]

7.07 (3.09)
0.82 (0.86)
3.11 (3.40)
.91 (.09)
.25 (.29)

[5.87, 8.27]
[0.49, 1.16]
[1.79, 4.43]
[.88, .95]
[.14, .36]

6.94 (3.14)
a
0.76 (0.77)
b
3.30 (3.37)
c
.90 (.16)
d
.22 (.25)

Across ages

[6.80, 7.78]
[1.16, 1.60]
[1.81, 2.85]
[.81, .87]
[.24, .35]

[6.05, 7.83]
[0.54, 0.98]
[2.34, 4.26]
[.85, .94]
[.14, .29]

Both conditions
M (SD)
95 % CI
7.58 (2.05)
[7.05, 8.11]
a
1.90 (1.20)
[1.59, 2.21]
b
[1.07, 1.96]
1.52 (1.73)
c
[.76, .83]
.80 (.15)
d
[.28, .43]
.36 (.29)

[6.52, 7.97]
7.29 (2.61)
Correct details
7.34 (2.50)
[6.65, 8.03]
7.25 (2.73)
Incorrect details
1.49 (1.28)
[1.14, 1.84]
1.28 (1.06)
[1.00, 1.56]
1.38 (1.17)
Missing details
2.17 (2.60)
[1.45, 2.89]
2.47 (2.89)
[1.71, 3.24]
2.33 (2.74)
Accuracy
.82 0(.18)
[.77, .87]
.86 0(.14)
[.82, .89]
.84 0(.16)
Suggestibility
.30 0(.27)
[.22, .37]
.29 0(.30)
[.21, .37]
.29 0(.28)
Note. CI = confidence interval. Rows or columns sharing the same superscript letter differ significantly (p ˂ .05; see main text for inferential statistics)

Adolescents

Table 5.3
Descriptive Statistics of Outcome Scores for Cued Questions as a Function of Model Statement Condition and Age (Experiment 2)
No-model statement
Model statement
M (SD)
95 % CI
M (SD)
95 % CI
Children
Correct details
7.74 (1.73)
[7.11, 8.38]
7.41 (2.37)
[6.51, 8.31]
Incorrect details
2.06 (1.31)
[1.58, 2.55]
1.72 (1.07)
[1.32, 2.13]
Missing details
1.19 (1.14)
[0.78, 1.61]
1.86 (2.17)
[1.04, 2.69]
Accuracy
.79 0(.14)
[.73, .84]
.80 (.16)
[.74, .87]
Suggestibility
.39 0(.28)
[.28, .49]
.32 (.30)
[.21, .44]
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Discussion
Experiment 2 was designed to assess the usefulness of a model statement in a
sample of witnesses that are known to require extra support when asked to provide
a free recall account, namely children and adolescents. We anticipated that younger
children would profit more from the model statement intervention as compared to
older participants (adolescents). This assumption was based on findings about age
increases in the development of autobiographical memory and the ability to provide
a free recall account (Nelson & Fivush, 2004) as well as responsiveness to modelling
(van Gog & Rummel, 2010; Renkl, 2014). We replicated a general increase in
statement quantity that was unrelated to the model statement condition.
Statements of adolescent participants were 1/3 longer than statements of child
participants. Furthermore, as expected, children were more likely to fall prey to
misleading questions. Unexpectedly, however replicating Experiment 1, listening to
a model statement had no effect on statement quantity or accuracy, compared to a
no-model statement condition.

General Discussion
The present paper examined the possible recall enhancing effect of a model
statement on eyewitnesses of different ages. To this end, participants viewed a
forensically relevant target event (video or staged event of a theft), listened to a
detailed model statement of an unrelated event or performed a filler task after a
delay of approximately one week, and finally gave a witness report. Most
importantly, and in contrast to earlier findings in which listening to a model
statement produced longer statements (Bogaard et al., 2014; Leal et al., 2013), the
model statement did not enhance eyewitness statements. Furthermore, we
replicated an age increase in statement quantity and an age decrease in
suggestibility to misleading questions.
Delineating the results in more detail, we found the following. First, and of most
relevance for the current experiments, in our adult sample (Experiment 1), the
model statement manipulation did not affect statement quantity or accuracy (in free
recall or cued questions). The same pattern emerged in our child and adolescent
sample (Experiment 2), in which the model statement manipulation neither
interacted with age nor was there a main effect. Prior work on modelling and
practice narratives indicates that, when participants are provided with an example
of what is expected from them or have the possibility to practice these demands,
subsequent performance of the learned task increases (Renkl, 2014; Price et al.,
2013; van Gog & Rummel, 2010). According to Bandura’s (1977, 1986) social
learning analysis, observational learning only transpires when the learner (1) pays
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attention to the model, (2) possesses the memory capacities to retain the
information, (3) has the ability to reproduce the encoded information, and (4) is
motivated to map the learned behaviour. It is possible that at least one of these
processes was not effectively induced by our model statement manipulation. The
retention (i.e., 2) and production (i.e., 3) processes are largely individual
characteristics that should be counterbalanced by our random group assignment.
The possible interference of attentional (i.e., 1) or motivational processes (i.e., 4)
that relate to the chosen operationalisation, however, cannot be ruled out. The
model statement accounts we used were about events that might not have been
interesting or engaging enough to hold all participants’ attention. Another concern
is whether participants were motivated to perform well and to make use of their
newly acquired skill. Child and adolescent participants were not aware of any reward
prior to their participation and adult participants’ compensation was not bound to
their performance outcome. With regard to memory processes, the most likely
explanation for not finding a beneficial effect of the presentation of a model
statement is that listening to a model statement may not lead to practicing retrieval.
One of the reasons why practice narratives are effective is because they lead to
practicing retrieval in the sense that participants actively produce their own
account, making subsequent memory retrieval more efficient (e.g., Karpicke &
Roediger, 2008; Roediger & Butler, 2011). However, listening to a model statement
is a passive process in which retrieval may not be practiced, hence our null effects. A
direct comparison between practice narrative and model statement would be
insightful to test this proposed cognitive mechanism.
Second, some age effects emerged independent of the model statement
condition (Experiment 2). Adolescents provided longer free recall statements that
included more correct and fewer missing details, compared with children. This result
is consistent with other research that reported more detailed accounts in older
children. In one such study, field interviews were analysed in respect to question
style of the interviewer and the information provided by the child (Lamb et al.,
2000). That is, there was an age increase in the number of details in response to free
recall invitations. As a third result we found, in response to the cued non-misleading
questions, that adolescents’ reports were more accurate overall, with fewer
incorrect but more missing details than those of children. A possible explanation for
the larger number of missing details in the cued question section might be that
adolescents did not see the need of repeating information that they had already
given in the free recall section, even though they were informed that there would be
some overlap. Children therefore benefitted more from receiving retrieval cues in
form of questions. This parallels previous studies concerning the effects of follow-up
questions on the completeness of accounts (Lamb et al., 2003). Nevertheless, as
mentioned at the outset, more focused questions may have memory distorting
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effects (Loftus, 2005). Fourth, in response to the misleading questions, children
were almost twice as likely to confirm to the erroneous suggestions as adolescents.
This is in line with previous work on the misinformation effect that highlights
younger participants’ vulnerability to confirm to misleading information, especially
when it is given by an authority figure (Bruck & Ceci, 1999; Loftus, 2005). This
finding again underpins the dangers of asking leading or suggestive questions during
investigative interviewing.
Some limitations merit mentioning. Because of the previously discussed reasons,
attentional and motivational processes as well as participant’s understanding on
how to make use of the model statement should be taken into account in future
experiments. Furthermore, our procedure was, in substantial parts, analogous to
studies using model statements to detect deceit (Bogaard et al., 2014; Leal et al.,
2013), but differed in terms of the studied sample and the targeted information.
While the statements given in previous experiments had personal relevance and
self-involvement, our participants had to report on an event they had witnessed
without any personal engagement; which again might undermine attentional and
motivational processes. Note also, that Experiments 1 and 2 should not directly be
compared because of differences in the methods (e.g., video vs. staged event,
length of target event, transparency of the true purpose of the experiment). In light
of these limitations, future work should attempt to delineate under which
circumstances a model statement might be a useful tool in investigative
interviewing. There is abundant room for further progress in determining the
possible moderating effect of the target group and its self-involvement in the to-berecalled event, the recall mode (verbally by phone, see Leal et al., 2013, or in
person, the present experiments, or in written form, Bogaard et al., 2014), the delay
between event, model statement, and recall, or the content and length of the model
statement. For children, developmental aspects such as language, memory, and
attention skills might also be assessed to determine differences in the capacity to
give a free recall account.
To sum up, the present experiments were the first that examined the effect of a
model statement on eyewitness memory. Although model statements might be
effective for discriminating between truth-tellers and liars, we show that they are
not necessarily effective for aiding eyewitness memory. At face value, a model
statement has the contours of a simple, straightforward strategy, but as of now we
must conclude that different types of model statements and possible influencing
moderator variables (e.g., participant motivation) should be tested before including
model statements in interview protocols.
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Abstract
In this case report, a legal case revolving around the reliability of statements given
by a 6-year-old girl is described. She claimed to have witnessed her mother being
murdered by her father. Two psychological experts provided diametrically opposed
opinions about the reliability of her statements. One expert, a clinician, opined that
the girl’s statements were based on autosuggestion whereas the other expert, a
memory researcher, stated that autosuggestion was unlikely to have played a role.
This case and the analysis of the experts’ opinions illustrate what may happen when
experts in court are unaware of the recent literature on (false) memory. That is,
recent studies show that autosuggestion is less likely to occur in young children than
in older children and adults. The current case stresses the importance and
implications of relying on memory experts in cases concerning the reliability of
eyewitness statements.
Keywords: forensic science, eyewitness memory, children’s testimony, expert
witnesses, developmental reversal, false memory, memory
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When Children are the Least Vulnerable to False Memories: A
True Report or a Case of Autosuggestion?
Children are often involved in criminal trials in which they frequently act as
witnesses and/or as victims of horrendous events (e.g., sexual abuse; Brainerd,
Reyna, & Ceci, 2008; Howe, 2013). Their eyewitness accounts are frequently the
only piece of evidence in such trials and, hence, much emphasis is placed on the
credibility of their statements. The question of whether children’s accounts are
accurate or whether they have been infected with memory errors (e.g., false
memories) due to suggestive influences is a central issue in these trials. This report
outlines a recent case in which a memory phenomenon (i.e., developmental
reversal) that has recently attracted much scientific attention played a pivotal role.
Moreover, it demonstrates what may happen when expert witnesses are not
acquainted with the intricacies of this memory phenomenon.
A considerable number of studies have been published on children’s proneness
to false memories. This research has revealed a consistent story, namely, that young
children are particularly more susceptible to conform to suggestive pressure than
older children and adults (Bruck & Ceci, 1999). Specifically, it has been found that
children are more likely to change their accounts and report false details than adults
1) when confronted with repeated questions on the same topic, 2) when the
questions imply the ‘correct’ answer, and 3) when they are confronted with
incorrect information (i.e., misinformation; e.g., Poole, Dickinson, & Brubacher,
2014).
Several paradigms have been introduced to study the production of false
memories. In many of these paradigms, participants witness an event and are
exposed to suggestive information. The basic question is whether participants fall
prey to the damaging effects of suggestion on memory. One relevant paradigm is
the implantation method in which participants receive false stories suggesting that
they have ostensibly experienced a certain event (5). Participants are then asked to
elaborate on these stories during multiple interviews. The principal result is that a
significant minority (30-40%) of participants remember the fictitious event and even
endure in these false claims after debriefing (Otgaar, Scoboria, & Smeets, 2013).
Studies like these have also been executed with child participants. In one study,
7- and 11-year-olds were falsely told that they had received a rectal enema or that
their finger had become stuck in a mousetrap when they were four years old across
two interviews. Of most relevance to the current paper was the finding that in the
second interview, implanted false memories were more likely to be evoked in the 7year-olds, compared to the 11-year-olds (Otgaar, Candel, Scoboria, & Merckelbach,
2010). Together these studies provide important insights into the vulnerability of
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children to make false reports in legal settings, as they indicate that false reports of
non-experienced events might occur.
As an illustration of children’s proneness to form false memories, it has been
argued that in noteworthy child sexual abuse cases, such as the Kelly Michaels and
the McMartin-Preschool cases, children fell prey to suggestive pressure. Specifically,
parents, police or social workers likely influenced the children’s reports as they
apparently tried to confirm their prevailing opinion of the occurrence of sexual
abuse while interviewing the children (Garben, Wood, Malpass, & Shaw, 1998;
Schreiber et al., 2006). After long lasting trials the charges were dropped or the
conviction was overturned, yet the ordeals entailed devastating consequences for
the suspects’ personal lives.
Based on the above-mentioned literature, one might be tempted to assume that
children’s memory reports are necessarily more likely to include false memories than
those of adults. However, new findings indicate a contrary developmental pattern in
which false memories increase with age (Brainerd, 2013). This phenomenon is also
called developmental reversal which refers to the finding that young children produce
fewer false memories compared with older children and adults (e.g., Brainerd et al.,
2008; Otgaar & Smeets, 2010). This effect has been replicated numerous times and a
standard approach to study this developmental pattern is the Deese-/RoedigerMcDermott(DRM)-paradigm (Deese, 1959; Roediger & McDermott, 1995). In the
DRM-paradigm, participants have to study lists with words that are associatively
related to each other (e.g., dress, doll, cute, hair). One critical lure word (i.e., girl) is,
however, missing from these lists. Despite the fact that participants do not encounter
this word during the learning phase, a significant proportion still erroneously
recollects it on subsequent memory tests. For example, a mean proportion of false
recall of 10% in 5-year-olds, compared to 44% in an adult sample was reported
(Howe, Wimmer, Gagnon, & Plumpton, 2009).
These false memories are caused by a reliance on the associative and semantic
structure of the to-be-remembered material. That is, according to false memory
theories, such as Fuzzy Trace Theory (FTT; Brainerd et al., 2008), when people
experience events, two memory traces are stored: verbatim traces and gist traces.
Verbatim traces refer to memories of the item-specific surface details of an
experience (e.g., the font of a word) while gist traces rely on the semantic
background of presented material (e.g., that the words are related to “girl”).
According to FTT, false memories are produced because people rely on gist traces
when verbatim traces are not available during retrieval.
This reliance on the semantic structure is also emphasized by the Associative
Activation Theory (AAT; Howe et al., 2009; Otgaar, Howe, Peters, Smeets, & Moritz,
2014) that postulates that spreading activation mechanisms determine the rate of
false memories. Accordingly, during the encoding of events, information rapidly
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spreads to associated concepts in our knowledge often leading to the activation of
related, but not-presented concepts. This spreading activation then causes the
formation of false memories.
It is important to emphasize that this type of false memory occurs without
suggestive pressure and is spontaneously elicited. Intriguingly, recent studies have
revealed that older children and adults are more likely to create these spontaneous
false memories than young children (Brainerd, Reyna, & Zember, 2016). Reasons for
this developmental pattern are that young childrens’ knowledge base is less welldeveloped and that they have more difficulties extracting the gist of experiences
than older children and adults (Otgaar et al., 2014).
Interestingly, it has been demonstrated that developmental reversal effects are
not only confined to word list research. Research has shown that developmental
reversal effects emerge in forensically-relevant paradigms as well. For example, false
memories caused by co-witness effects were stronger in older children than in
younger children (Candel, Memon, & Al-Harazi, 2007). Furthermore, false memories
that were induced by rumours increased with age (Prinicipe, Guiliano, & Root,
2008). In summary, recent evidence shows that the assumption that false memories
decrease with age is too simplistic and that in certain situations, false memories
might even increase with age. In the case that we describe here (see Otgaar, Jelicic,
& Merckelbach, 2014, for a Dutch overview) and in which one of the authors was
involved as an expert witness (second author: HO), we illustrate what may happen
when psychologists are unaware of the nuances of these developmental false
memory trends.

The Vicky Case
In this case, a six-year-old girl named “Vicky” (name has been changed to protect
the child’s identity) was regarded as the sole and chief witness of the murder of her
mother. One night in May 2011, neighbours called the police because they had
heard shouting and screaming next door. Upon their prompt arrival, Vicky opened
the door and stated immediately: “My father was here. He just left. My father did
it.” When the police entered the house, they saw a woman lying on the floor in a
pool of her own blood. The arriving ambulance personnel reported that she had
been stabbed to death, and in their presence, Vicky repeated the allegation that her
father had done it. Vicky was interviewed that same day in a child-friendly interview
room in which she incriminated her father. Two months later, she was questioned
once more and again, Vicky remained consistent: Her father was the perpetrator
and killed her mother. According to Vicky, she was in her bedroom and heard noise
on the main floor. She further declared that when she went downstairs, she saw her
father stabbing her mother with a knife. The father denied all charges and hence,
Vicky proved to be a crucial witness in the trial against him.
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Autosuggestion?
HO was asked by the public prosecutor to estimate the credibility of Vicky’s
accounts. His basic conclusion was that there were no strong reasons to doubt the
statements of Vicky (see below). The defense engaged another expert: a clinical
psychologist (RB). This psychologist had a diametrically opposite position. He argued
that Vicky’s statements were tainted by autosuggestion which is a subtype of
spontaneous false memory. Both experts came to their evaluation by analysing all
cases files and interview records. Specifically, they examined the circumstances of
disclosure, the timeline and content of statements, and the factors that might have
tainted Vicky’s memory. Based on the given information, they tested different
scenarios possibly accounting for the statements. That is, they examined whether
the file contained signs for a scenario in which the statements of Vicky were
accurate but also assessed whether any elements were present for a scenario in
which Vicky’s statements were (partly) based on false memories. In the subsequent
paragraphs, we address how the experts could reach such different conclusions.
The central argument of HO’s report revolved around the spontaneity of Vicky’s
disclosure. Although in general children’s memories work less optimal than adults’,
they are able to provide accurate statements (McWilliams, Narr, Goodman, Ruiz, &
Mendoza, 2013). Indeed, although research indicates that negative experienced
events can amplify false memory formation (Brainerd, Holliday, Reyna, Yang, &
Toglia, 2010; Howe, 2007; Howe, Candel, Otgaar, Malone, & Wimmer, 2010; Otgaar,
Candel, & Merckelbach, 2008), there is an abundance of research indicating that
negative and traumatic events are retained quite well in children’s memory when no
suggestive pressure is involved (e.g., Goodman, Hirschman, Hepps, & Rudy, 1991).
Furthermore, case studies in which children’s spontaneous statements were
compared with objective evidence of the traumatic events (e.g., videos,
photographs, etc.) have demonstrated that children’s statements are accurate in the
sense that their statements correspond to historical records, although omissions
may occur (e.g., Leander, Christianson, & Granhag, 2007; Orbach & Lamb, 1999). In
the Vicky case, it was unlikely that her statements were (suggestively) influenced
before the first disclosure as her first statements to the police were offered
spontaneously.
There were also other reasons in favour of the reliability of Vicky’ statements.
First of all, Vicky was interviewed on the same day in a child-friendly interview
studio. There, she was questioned following a standardized non-suggestive free
recall method with which even young children can give reliable and extensive
reports (e.g., Lamb et al., 2003). Research shows that early interviews can inoculate
children’s memory against subsequent suggestive information (Quas et al., 2007).
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Thus, the way in which Vicky was interviewed does not raise any concern about the
reliability of her statements.
In addition, Vicky’s statements were highly consistent across interviews.
Although that does not imply that her statements were necessarily accurate
(Smeets, Candel, & Merckelbach, 2004), it does indicate that she did not change her
statements continuously. Also, across interviews she provided extra information
about what presumably had occurred; this increase in free recall output frequently
occurs when children are interviewed in an appropriate manner (Goodman & Quas,
2008).
RB predominantly based his line of reasoning and his conclusion on the idea of
autosuggestion. This term was first introduced by Binet (1900) and refers to
memory distortions that arise because of endogenous processes such as judgment
and reasoning operations (Binet, 1900 as cited in Brainerd & Reyna, 1995).
Autosuggestion has been regarded as a form of spontaneous false memory
(Brainerd et al., 2008). According to RB, Vicky could not have seen the perpetrator
because it was dark. Because of this circumstance, he concluded that it was very
likely that she had made an incorrect association and developed a spontaneous false
memory. RB argued that false memories due to autosuggestion are extremely likely
to be developed in young children. Recent literature on this topic, however, paints a
different picture. Spontaneous false memories and also autosuggestibility effects
are least likely to be produced in younger children than in older children and adults
(e.g., Principe & Schindewolf, 2012). This effect is robustly found in different
paradigms and forensically relevant circumstances. Brainerd and colleagues (2011)
give an overview of age increases in the aforementioned DRM paradigm and in
Table 6.1 representative studies that used other paradigms are outlined. Moreover,
it was noted by the police officers and reported by Vicky that the lamps near the
crime scene were on; resulting in unimpaired illumination of the perpetrator.
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Table 6.1
Age increases in false memory rates using forensically relevant paradigms
Paradigm
Age
Methodology and results
Eyewitness
5-12
Subjects saw a video depicting a theft of a wallet. In an identification
identification
task, only the 11/12-year-olds erroneously misidentified a familiar
innocent person that was also present in the video as being the
perpetrator (z=2.36; Ross et al., 2006).
Causal narratives
6, 7, 9, Subjects saw photographs that depicted a generally familiar scene.
10, 18
In a recognition task, an age-increase in inference errors about the
cause of a scene was observed (ηp²=.10; Lyons, Ghetti, & Cornoldi,
2010).
Survival processing
8, 11
Subjects had to rate the usefulness of different words to survive in a
hostile environment or to move to a different country, or to rate the
pleasantness of these words. In an unannounced free recall test,
older children were more likely to report not presented words than
younger children (ηp²=.14; Otgaar & Smeets, 2010).
Emotional memory
7, 11, Subjects had to remember words of different valence and arousal.
20
Age increases in recognition errors were present in each
valence/arousal combination (η²=.49) but most pronounced in higharousal and negatively valenced items (Brainerd et al., 2010).
Group conformity
6, 11
Dyads saw slightly different videos of a girl entering an office. Older
children were more likely to wrongfully incorporate discussed but
not seen elements in their free recall report (η²=.05; Candel et al.,
2007).
Real-live events
5-12
Subjects attended four birthday parties with their friends. An age
increase in thematic source-errors was present in the subsequent
interview indicating that older children were more likely to
misremember an event having taken place at a specific party than
younger children (Odegard, Cooper, Lampinen, Reyna, & Brainerd,
2009).
Note. Adjusted from Brainerd (2013). Studies have been selected to illustrate the phenomenon of
developmental reversal in relation to the depicted case of “Vicky”. These studies compare a sample
comparable to Vicky’s age (six years old) with older participants.

Furthermore, RB argued that the mentioning of additional (i.e., reminiscent)
details during Vicky’s second interview was a strong sign of suggestive influences
and hence, probably false memories. Reporting more details in subsequent
interviews, however, is not indicative of a false report. On the contrary, when a child
is interviewed in a correct manner, they might feel more at ease to talk and familiar
with the interview situation and therefore come up with more (accurate)
information (e.g., Azad, Chrisanson, & Selenius, 2013). Hence, the fact that Vicky’s
statements became more elaborate over time was not an indication of suggestive
influences, but was more likely a consequence of appropriate interviewing methods.
Furthermore, Vicky also remained consistent with the central aspect that her father
was the perpetrator. After hearing both experts in court and mainly relying on
Vicky’s report, her father was found guilty and sentenced to 18 years in prison.
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Recommendations
In general, expert witnesses who have to report on the reliability of eyewitness
memory have no knowledge of the ground truth of a particular case (Bidrose &
Goodman, 2000). They can only provide evaluations on the likelihood of distorted
memory based on scientific evidence that illustrates factors that might hamper
memory. Each case is unique and should be analysed with caution and with respect
to the discrete circumstances of disclosure and interviewing. It is therefore vital that
experts in court are aware of the state-of-the-art findings in, for example, the area
of eyewitness memory and false memory (Chin, 2014).
New work in the field of false memory development shows the necessity to be
constantly up to date regarding the literature on the functioning and development
of memory (see also Goodman, Goldfarb, Chon, & Goodman-Shaver, 2014). As such,
it illustrates that certain widely voiced assumptions about the development of
memory are incomplete and often flawed. This might result in the danger of underor overestimating the likelihood of memory errors. Specifically, the default view that
false memories are more likely to occur in children than in adults is outdated. As we
have outlined, spontaneous false memories are less likely to occur in children than
in adults. Even more, recent research on false memory formation shows that false
memory development between children and adults is not fixed, but highly
malleable. This work shows that depending on well-specified theoretical principles,
false memories can decrease (when relying on verbatim information) or even
increase (when relying on gist information) with age (Otgaar et al., 2014; Otgaar,
Candel, & Merckelbach, 2008).
The above described case of the six-year-old witness Vicky emphasizes that
experts need a profound contemporary knowledge of children’s eyewitness memory
when providing their expert opinion in court. This case shows what can happen
when experts enter court and are still immersed with old and traditional ideas about
child witnesses and memory in general. Such obsolete ideas might adversely affect
decision making by triers of fact and thus, contaminate an entire case; Eventuating
in prolonged, costly trials and potential misjudgements.
This view is shared by Zajac, Garry, Goodyear-Smith, and Hayne (2013) who
pointed out that: “memory expert witnesses [should] provide evidence of their
expertise” and “people whose primary occupation is clinical practice are not
automatically qualified to give evidence on human memory” (p.615). This view
relates to recent research showing that many psychologists and psychiatrists who
serve as expert witnesses do not significantly outperform general psychologists and
psychiatrists on memory issues that may be discussed in court (Melinder &
Magnussen, 2015); ergo, these potential expert witnesses in court have sparsely and
scanty knowledge of memory particularities. Such results emphasize that expert
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witnesses dealing with memory issues should demonstrate their familiarity with
current research regarding memory that has been published in peer-reviewed
journals.
A reasonable approach to tackle this issue is to define the qualification that is
needed to give a balanced and contemporary evaluation of the reliability of witness
statements and to communicate this to legal professionals. This process would
ideally lead to a desirable situation where memory experts are more likely to serve
as expert witnesses than solely practical working clinicians in cases concerning the
reliability of statements. Thus, irrespective of occupational background (i.e.,
whether being a researcher or clinician), expert witnesses should be immersed in
the up-to-date research literature concerning the case under investigation. This
requirement of qualification is more likely to be fulfilled in an environment (such as
a university) where a wide journal access is available and discussions about new
findings of the particularities of memory are common. Additionally, guidelines
defining the structure of an expert report should be developed. This could help to
standardize evaluation methods and to facilitate comparisons between different
experts. Another recommendation could be that memory experts are aided by the
construction of a standardized “scoring” system consisting of memory findings in the
literature known to harm and/or facilitate memory performance (e.g., suggestion,
consistency, etc.). A case containing more elements that might have contaminated
memory might lead to the conclusion to cast doubt on certain eyewitness
statements. Implementing such new developments would be beneficial for the legal
system. Indeed, if there is one area that truly benefits from findings obtained in
science, it is the legal arena.
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Aims and Brief Summary of the Present Dissertation
The present dissertation focused on some of the mechanisms underlying
developmental differences in eyewitness memory. In the introductory chapter
(Chapter 1), an overview was given of developmental trends in eyewitness memory.
Specifically, it was discussed that a widespread assumption exists among legal
practitioners and forensic experts regarding the idea that children are generally less
reliable witnesses as compared with adults. This assumption is based on research
showing age-related increases in susceptibility to suggestion-induced false
memories; research that was triggered by legal cases in which children gave
implausible witness statements. The belief that children are generally inferior
witnesses as compared with adults was, however, juxtaposed with recent findings
and theoretical considerations on the strength of children’s memory. That is, if no
external pressure was at play, children can give quite accurate statements and are
sometimes even less prone to memory errors. An age-related decrease, and thus a
developmental reversal, has been found in so-called spontaneous false memories.
The empirical studies presented in this dissertation were designed to address
several limitations of the existent literature on developmental trends in witness
memory. More specifically, as highlighted in the introduction, adolescents are often
omitted in research on developmental trends in eyewitness memory. This is
problematic because information gathered in other age groups cannot be
generalized to adolescents. Moreover, the outlined counterintuitive age trends with
older witnesses being more prone to inferential memory errors than younger
witnesses need to be tested in contexts that have more forensic relevance. Chapter
2 therefore sought to elucidate non-linear developmental trends in eyewitness
identification. After establishing that adolescents can be more vulnerable to
memory errors such as bystander misidentification than older and younger
participants, Chapter 3 gave another demonstration of the flexibility of
developmental trends in eyewitness memory by showing age-related increases in
the vulnerability to meaning-based misinformation.
Subsequently, after having shown that flaws in eyewitness memory follow an
age-dependent non-linear or even reversed trend, two distinct ways to improve
eyewitness memory in different ages were tested, namely: immediate testing
(Chapter 4), and listening to an example of an appropriate statement prior to one’s
own event recall (Chapter 5). In this chapter, the empirical studies (Chapter 2 to 5)
are discussed and critically evaluated. I will also elaborate on the practical relevance
as highlighted in the case described in Chapter 6, before giving suggestions for
future directions on research into developmental trends of eyewitness memory.
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Discussion of the Empirical Findings
Flexibility of Developmental Trends in Eyewitness Memory
The experiments described in the present dissertation were motivated by the
widely voiced view among legal professionals that children are inferior witnesses
(Brainerd, Reyna, & Ceci, 2008). The conducted experiments have shown that such
an attitude is overly simplistic. In the first part of this dissertation (Chapters 2 and 3),
trends in memory performance were shown that refute the idea of younger
witnesses being generally less accurate than older witnesses. Disentangling specific
aspects of eyewitness memory performance by setting up theory-driven
manipulations, as done in Chapters 2 and 3, confirmed that age trends are not as
invariant as generally assumed. That is, sometimes older children, adolescents, or
adults perform worse than their younger comparison groups in forensically relevant
eyewitness memory tasks or an age difference in performance is absent (see Tables
7.1 and 7.2 for an overview of the study outcomes).
Attenuated or even reversed developmental trends were shown in Chapters 2
and 3. This is in line with our hypotheses that were mainly derived from Fuzzy-Trace
(FTT; Brainerd, Reyna, & Ceci, 2008) and Associative-Activation Theory (AAT; Howe,
Wimmer, Gagnon, & Plumpton, 2009; Otgaar, Howe, Peters, Smeets, & Moritz,
2014). According to these theories, reversed or attenuated age trends in false
memories are due to spreading activation of related theme-nodes (AAT) or reliance
on the gist of an event (FTT). The underlying reasoning is that one’s knowledge base,
which forms the basis for connecting different information to each other (AAT), and
the ability to extract the underlying meaning of an event (FTT), improves with age.
This maturation of one’s knowledge base with age may lead to erroneous inferences
and that, in turn, fuel false memories. Thus, FTT and AAT both predict age-related
increases in spontaneous false memories because the activated information may
not correspond with what was actually witnessed.
Seminal work that confirmed the age-related increase in spontaneous false
memories mainly used the Deese/Roediger-McDermott (DRM)-paradigm (Deese,
1959; Roediger & McDermott, 1995). Although this work was fundamental to test
the predictive value of the theories, a valid limitation and critique surrounds the
ecological validity of these experiments (see also Brainerd, 2013; Ost et al., 2013).
That is, studying and recalling word lists does strictly speaking not map what people
face when encoding and reporting a witnessed event. The novel angle of the current
thesis is that studies were conducted testing age-related increases in false memories
in more forensically-relevant eyewitness memory tasks. This has rarely been done
and this is research gap was addressed in Part 1 of this dissertation.
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Chapter 3: Meaning-based
misinformation paradigm
Exp. 1 (6/7, 11/12, Adults)
Exp. 2 (4-6, 7-9, 10-12)
Exp. 3 (7/8, Adults)
Exp. 4 (4/5, 7/8, 11/12)

Chapter 2: Lineup identification
(7-10, 11-13, 14-16, Adults)

85
70
86
158

431

Hits
false recognition of
meaning-based
misinformation

identification
performance:
victim- + witnesspresent lineup
thief-present lineup
bystander
misidentification

x
x (developmental
reversal)

x (developmental
reversal: younger
vs. adolescents)

x
x (adolescents
vs. adults)

Table 7.1
Overview of Developmental Trends in Part 1: Flexibility of Developmental Trends in Eyewitness Memory
Performance
Study
N
Dependent variable
age-related
age-related
increase
decrease

x (inconclusive)

no age-related
difference

Age-increase in susceptibility
to meaning-based
misinformation.

Adolescents more prone to
bystander misidentifactions
than all other ages

Main finding

Chapter 7

220

110

228

Chapter 4: Immediate questions
(7/8, 11/12, 14/15, Adults)

Chapter 5: Model statement
Exp. 2 (7-10, 14-17)

Future directions: Rapport
building
(6-10, 12-17, Adults)
statement quantity
accuracy
misinformation effect

statement quantity
correct details
incorrect details
accuracy

testing effect
misinformation effect

x

x
x

x

x

Table 7.2
Overview of Developmental Trends in Part 2: Attempts to Improve Eyewitness Recall in Different Ages
Performance
Study
N
Dependent variable
age-related
age-related
increase
decrease

x

x
x

Testing led to retrievalenhanced suggestibility
across all ages.

x

No effect of rapport building
condition.

No effect of model
statement.

Main finding

no age-related
difference
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In all experiments of Part 1, participants initially watched self-constructed videos
of a robbery as a target event and finally their memory was tested for displayed
details or persons. In the study presented in Chapter 2, among other identification
tasks, participants of different ages were asked to make an identification decision
from the suspect-lineup. Half of the participants received a target-absent lineup that
did not include the culprit. Instead it included an innocent bystander that was seen
in thief-proximity in the video. Adolescents (14-16 years) were more likely to
erroneously identify this innocent bystander as being the culprit than the younger
age groups (7-10- and 11-13-year-olds) and adults. Adolescents were therefore
especially prone to wrongfully infer that the bystander is the culprit, while younger
children and adults did not show elevated bystander selection rates. Why
adolescents were particularly susceptible to the bystander bias will be discussed in a
following section on adolescents’ eyewitness performance compared to children
and adults.
The experiments in Chapter 3 also followed a theory-driven approach. The
proposed explanation why DRM lists have robustly led to a developmental reversal
(i.e., younger children outperforming older children and adults) in spontaneous false
memories is that endogenous distortion processes such as spreading activation
(AAT) or automatic gist extraction (FTT) of erroneous associatively related details
(Brainerd et al., 2008) led to false memories. In suggestion-induced false memories,
which are generally evoked using the misinformation paradigm, another distortion
mechanism comes into play: not only endogenous distortion mechanisms fuel false
memory development, but also exogenous distortion such as external social
pressure from an interviewer. Thus, while spontaneous and suggestion-induced
false memories differ in that only in the latter exogenous distortion mechanisms
play a role, both are fuelled by endogenous distortion. The experiments in Chapter 3
tried to tap only into the endogenous mechanisms involved in suggestion-induced
false memory formation. To do so, test material with associatively related stimuli
was created and used in a misinformation-like paradigm. More specifically,
analogous to the DRM-paradigm, participants were tested about related but nonpresented details. Unlike the DRM procedure, this information was previously
introduced as misinformation. The introduction of misinformation is in line with the
procedure of the misinformation paradigm. This approach led to the expected
developmental reversal in suggestion-induced false memories caused by meaningrelated misinformation. Younger children consecutively outperformed the older
control groups in the recognition tasks in that they were less susceptible to false
memory effects.
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Attempts to Improve Eyewitness Recall in Different Ages
While it is important to understand the basic principles underlying the formation
of false memories (see Part 1 - Chapter 2 and 3), it is at least as important to study
approaches that aim to improve witness recall. Knowledge from false memory
formation can be used to develop appropriate interview tools and to test their
influence not only on correct but also incorrect recollections. The studies reported
in Part 2 of this dissertation were designed to assist witnesses of different ages in
their event recall. Furthermore, preliminary analyses of another technique (rapport
building) that was examined as a means to facilitate eyewitness recall will be
discussed at the end of this section.
In Chapter 4, we investigated whether witnesses of different ages could be
protected against the detrimental effects of misinformation when their memory was
tested immediately after encoding. Participants received immediate questions for
some items that focused either on the underlying meaning (gist) or on specific
details (verbatim information) of the witnessed event. This manipulation of
immediate test questions was again derived from FTT and AAT. The reason to
differentiate between these two forms of immediate questions was that conflicting
results were found regarding the influence of immediate questioning or testing on
false memory propensity. While some studies noted reduced rates of false
memories after testing (an inoculation effect; e.g., Pansky & Tenenboim, 2011;
Wang, Paterson, & Kamp, 2014), other studies observed the opposite, namely
increased false memory rates (a retrieval-enhanced suggestibility effect; Chan &
Langley, 2011; Chan & LaPaglia, 2011; Gordon & Thomas, 2014; Wilford, Chan, &
Tuhn 2014) in comparison to no immediate questions. Assuming that false memory
formation is linked to spreading activation and gist extraction, we proposed, in line
with FTT and AAT, that questions that either triggered processing the meaning or
specific details of an event would differently affect suggestibility to misinformation
(see also Pansky & Tenenboim, 2011). This assumption was, however, not
confirmed. The study showed that, irrespective of question type and age, immediate
questions almost doubled the size of the misinformation effect. This is in accordance
with the notion of retrieval-enhanced suggestibility as frequently found in studies
conducted by Chan and colleagues.
Disentangling when testing is beneficial and when it is not remains to be an
important branch of future research. In the absence of misinformation, testing
generally leads to higher recall and recognition rates at later memory tests as
compared with restudying the material (see Rowland, 2014, for a recent metaanalysis). This beneficial effect of testing in the absence of misinformation was also
replicated in Chapter 4. But in the presence of misinformation, testing may either
lead to reduced or magnified misinformation effects; The latter being found in our
study. Our processing hypothesis derived from FTT and AAT ostensibly does not
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account for the conflicting findings. Chan and colleagues propose that procedural
details of the misinformation manipulation might drive these different outcomes.
While an inoculating effect is more commonly found if misinformation is introduced
with questions, retrieval-enhanced suggestibility effects seem to be more likely if
the misinformation is embedded in a narrative (LaPaglia & Chan, 2013). Different
factors might be (1) whether the misinformation is new (and therefore additive) or
contradicts details of the original to-be-remembered event or (2) whether the
misinformation is introduced by credible sources or not (Huff, Weinsheimer, &
Bodner, 2016). For now, testing should not be used as an added tool to facilitate
memory retrieval. Important, however, is to test what effect naturally occurring
immediate questions have on susceptibility to misinformation. Immediate questions
are often posed to witnesses if they talk to each other about what they have
witnessed or if emergency personal wants to get briefly informed about the basic
facts of the witnessed event.
Another way to improve event recall was tested in Chapter 5. A statement was
presented auditory to participants that gave them an impression of what an ideal
statement should sound like (i.e., many details, admitting knowledge gaps, etc.). The
idea to use such a model statement with witnesses was borrowed from researchers
focusing on deception detection who tested a similar approach with adult suspects
(Bogaard, Meijer, & Vrij, 2014; Ewens et al., 2016; Leal, Vrij, Warmelink, Vernham, &
Fisher, 2013). In these studies, participants who were exposed to a model statement
gave longer and more elaborate accounts than participants who were in the nomodel statement control group. We tested whether this effect was also
generalizable to witnesses of a crime and, on the other hand, if witnesses of
different ages can profit from a model statement. A developmental advantage was
proposed because the younger the witness, the fewer information is recalled
following a free recall prompt (Lamb, Sternberg, & Esplin, 2000; Nelson & Fivush,
2004). This would give more room for a beneficial effect of the model statement as
compared to adults who freely already give quite elaborate accounts. In other
words, fewer omitted details can be recalled from witnesses who already recall a lot
without a recall facilitating tool. Furthermore, young children are quite used to
learning from an example (i.e., in school or at home) and might therefore more
readily grasp that they should map the newly acquired skill to their own behaviour
(van Gog & Rummel, 2010).
Contrary to our expectation, no beneficial effect of the model statement
emerged among witnesses of different ages. Even though the standard age trends
were replicated with an age-increase in statement length and an age-decrease in
suggestibility to misleading questions, no effect of model statement on quantity or
accuracy was apparent neither in children, nor in adolescents, or adults. It seems as
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if the beneficial effect of model statement in suspects that are generally motivated
to convey trustworthiness cannot be generalised to the eyewitness context.

Future Directions: What About Rapport Building?
Another technique that is already employed in several interview guidelines and
protocols is bringing the witness at ease, that is building rapport. For example, two
commonly-used and well-evaluated structured interview protocols start with an
initial rapport building phase in an attempt to comfort the interviewee. These are
the National Institute of Child Health and Human Development Investigative
Interviewing (NICHD) protocol (Lamb, Hershkowitz, Orbach, & Esplin, 2008) used to
question children and the Cognitive Interview (Fisher & Geiselman, 1992) used to
question adults, but sometimes also to question children (McCauley & Fisher, 1995).
Empirical evidence on this approach is, however, scarce and its beneficial value is
almost solely anecdotal. While there is reason to believe that rapport building helps
to improve eyewitness recall, there are also critical voices that highlight the risk of
acquiescing and pleasing answers if “too much” rapport is employed. The effects of
rapport building on memory performance are inconclusive and little is known about
the specific components that are beneficial or detrimental, especially from a
developmental angle. We aimed to add to the understanding of rapport building and
therefore investigated one component, that is different levels of intensity of rapport
building (Brackmann, Otgaar, & Sauerland, 2016).
We tested 75 children (M = 7.82, SD = 1.20; range: 6-10), 76 adolescents (M
=14.81, SD = 1.24; range: 12-17), and 77 adults (M = 21.03, SD = 1.71; range: 18-27).
All participants or legal guardians (if below age 18) gave written consent prior to
participation in the experiment. First, participants watched a video of a robbery
(video A is described in Chapter 2). They were then randomly assigned to a rapport
condition. Three different rapport conditions were employed: no, minimal, and
extensive rapport. In the no rapport condition, the experimenter greeted the
participant in a formal, neutral way (no mentioning of own or participant’s name),
sat vis-à-vis to the participant, had a closed posture (arms and legs crossed), gave no
verbal feedback, and focused solely on the target information. Participants were
informed that the statement was going to be audio-recorded to “evaluate it”. In the
minimal rapport condition, the posture of the experimenter was neutral and open
(legs and arms parallel and relaxed) and rapport building with direct predetermined
personal questions about participants’ age, favourite food, movie, and game were
added. Questions were selected from Roberts, Lamb, and Sternberg (2004).
Participants were informed that the statement would be audio-recorded without
further explanation. Extensive rapport was established by addressing the participant
by name, having an open and engaging body posture, giving non-verbal feedback
(e.g., nodding), sitting sideways, offering candies, and asking open flexible personal
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questions based on the NICHD protocol (Lamb et al., 2008). Participants were
informed that the statement was going to be audio-recorded because the
experimenter “cannot write that quickly”. Finally, all participants gave a free recall
account that was followed by questions, some of which were misleading.
As can be seen in Figure 7.1, there was no interaction between rapport building
and age for statement length (panel A), accuracy (panel B), or suggestibility (panel
C), all ps ≥ .070, ƞp2 ≤ .039, nor was there a main effect of rapport building for
statement length, accuracy, or suggestibility, all ps ≥ .160, ƞp2 ≤ .017. There was,
however, a main effect of age for statement length in terms of number of words,
F(2, 220) = 83.74, p ˂ .001, ƞp2 = .432 (Mchildren = 85.72, SDchildren = 8.01; Madolescents =
136.40, SDadolescents = 7.90; Madults = 235.98; SDadults = 8.31), and suggestibility, F(2,
220) = 109.11, p ˂ .001, ƞp2 = .498 (Mchildren = -1.83, SDchildren = 0.31; Madolescents = 2.59,
SDadolescents = 0.30; Madults = 4.30; SDadults = 0.30), with older participants performing
significantly better than younger (Tukey post-hoc comparisons with p ˂ .001), but
not for accuracy, F(2, 218) = 2.24, p = .109, ƞp2 = .020.
Taken together, we replicated an age-increase in statement length and an agedecrease in susceptibility to misinformation. Contrary to our hypothesis, our rapport
building manipulation had no impact on any of the outcome variables. Thus again, as
was previously discussed for immediate testing (Chapter 4) and the introduction of a
model statement (Chapter 5), our attempt to improve witness recall in different
ages was not successful. This is in line with difficulties experienced by other scholars
to come up with an efficient way to promote event recall. For example,
anatomically-detailed dolls, human figure drawings, and body diagrams were
introduced into the legal context as promising tools to facilitate disclosure and
talking about sensitive topics such as abuse. However, all of these tools have been
shown to fuel the recall of erroneous information or the misinterpretation by
interviewees (e.g., Bruck, Kelley, & Poole, 2016; Otgaar, Ansem, Pauw, &
Horselenberg, 2016; Otgaar, Horselenberg, Kampen, & Lalleman, 2012; Poole,
Bruck, & Pipe, 2011). It is, with no doubt, a challenging task to find a tool that at the
same time assists correct recall and minimises incorrect recall. Nonetheless, it is
worthwhile seeking for ways to improve recall facilitators as further discussed in the
section on future research.
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(A)

(B)

7
(C)

Figure 7.1. Means of statement length (panel A), accuracy (B), and suggestion (C). Note that the
suggestibility score could range between -8, reflecting that all misleading questions were answered in the
direction of the suggestion, and +8, reflecting that no question was answered in the direction of the
suggestion.
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Adolescents’ Eyewitness Performance Compared to Children
and Adults
Adolescents have been and are still generally neglected in eyewitness memory
research, even though they are potential witnesses that might be summoned for a
statement. Recent calls highlighted this research gap and have started to tackle it
(e.g., Jack, Leov, & Zajac, 2014; McGuire, London, & Wright, 2015). The studies of
this dissertation add to the understanding of how adolescents perform relative to
older and younger comparison groups in forensically relevant eyewitness memory
tasks. That is, either adolescents did not differ from other ages or there was a
positive linear age-trend in measures of correct recall (i.e., identification
performance, hits, testing effect, statement quantity, and accuracy; see Tables 7.1
and 7.2). However, when we look at incorrect recall, it is a striking outcome that
adolescents were more prone to bystander misidentifications than younger and
older participants.
Adolescents’ proneness to the bystander bias can partly be explained by agerelated increases in the reliance on gist information as posited by FTT. In a recent
review about processes underlying decision making, Corbin, Reyna, Weldon, and
Brainerd (2015) outline a relationship between risky decisions and the ability to
extract and rely on the gist trace relative to the verbatim trace. That is, with
maturation or with gaining expertise in a field, decisions are more readily made
relying on gist-based intuition. In the medical context, for instance, physicians who
have more work expertise used less detailed verbatim information to decide
whether an admission into hospital is indicated than less experienced physicians
(Reyna & Lloyd, 2006). Extracting the most important gist information led to fast and
often correct decisions, but also deviated from medical guidelines that take more
fine-grained information into account. Relying on more fine-grained verbatim
information is less risky while gist-based intuition is error prone. From a
developmental angle, this corresponds with the developmental reversal in
inferential errors outlined in Chapter 1. Thus, the older participants are, the more
likely it is that they form spontaneous false memories.
At first sight, this age-related increase in spontaneous false memories seems to
disagree with parts of the findings in Chapter 2. While adolescents are more prone
to the bystander error than children (developmental reversal), they are also more
prone to the same error than adults (no developmental reversal). A possible reason
for this peak of the bystander error in adolescents is an interplay between maturing
automaticity processes that lead to an age-related increase in spontaneous false
memories and, on the other hand, low inhibition control (Stevens, Kiehl, Pearlson, &
Calhoun, 2007). Thus, adults’ ability to inhibit a prepotent response might help them
to re-evaluate their initial choice in a lineup. This top-down evaluation process might
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help them to come to the correct conclusion; That is, to reject the bystander as the
thief.
It is furthermore noteworthy that in Chapter 4, the misinformation effect was
comparably high among adolescents (14/15-year-olds) as among younger children
(11/12-year-olds). More specifically, only adults seemed to be resistant to the
detrimental effects of post-event misinformation, while all other ages showed
higher incorrect recall for the misinformed items than for the non-misinformed
items. Our study thus showed that adolescents seem to be more like children than
adults when it comes to susceptibility to misinformation. To our knowledge, we are
the first to compare adolescents with children and adults in a misinformation
procedure, thus adding to the understanding of adolescents’ ability to be credible
witnesses. Legal practitioners are aware of the negative effects of external postevent information in the form of misinformation or social pressure on children’s
event recall, but less is known about adolescents’ vulnerability to fall prey to
misinformation.

Practical Implications
The empirical studies outlined in the present dissertation emphasize that
developmental trends in eyewitness performance are not invariant. Witnesses of all
ages can be reliable witnesses who provide accurate and detailed statements. But,
depending on the witness’ age, some memory errors, errors that taint the accuracy
of a statement, are more or less likely to occur. Memory errors can occur
suggestion-induced, thus as a cause of external pressure, or spontaneously without
any external influence. Suggestion-induced false memories seem to follow a
developmental age-related decrease, with younger children being more likely to fall
prey to external misinformation than older children and adults (but see Chapter 3).
Spontaneous false memories, on the other hand, seem to follow a detrimentally
opposed developmental trend, with older children and adults being more likely to
spontaneously fill in memory gaps and therefore to develop inaccurate memories.
Nonetheless, there are still research gaps in eyewitness memory research (e.g.,
adolescents proneness to certain memory errors) that need to be investigated in
more detail by memory researchers. These research gaps will be discussed in the
section about methodological remarks and future directions.
Being up-to-date with the literature that specifies the nuances within the
memory research field is essential for practitioners who have to evaluate the validity
of a witness statement. For instance, memory experts, police officers, attorneys,
judges, social workers, and many more may come in contact with witness
statements made by children, adolescents, or adults. It is of practical importance to
come to a realistic likelihood estimation about the validity of a statement.
Practitioners often solely have to rely on the witness’ statement because objective
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evidence that could corroborate the ground truth is generally not available in, for
example, legal cases surrounding sexual allegations.

Knowledge of Practitioners
One aspect of interest to us was whether legal practitioners are aware of the
difference between suggestion-induced and spontaneous false memories and the
developmental trends for these memory errors. This focus was motivated by the
murder case described in Chapter 6 in which two experts were asked to opine on
the validity of a witness statement given by a 6-year-old girl in which she had
incriminated her father. During the evaluation of one of the expert reports, the one
given by a clinician, it became apparent that the clinical expert was unaware of the
new findings about a developmental reversal in spontaneous false memories. That
is, the clinician argued that the witness might have formed a spontaneous false
memory due to her young age.
Based on the critical evaluation of the report given by the clinical expert, we
were intrigued whether this unawareness of the literature was unique for the
described case and the specific expert or if it is a widespread pattern among those
concerned with statement validity assessments. To this end, we disseminated an
online vignette study among Swedish/ Norwegian and Dutch legal professionals
(Brackmann, Granhag, Roos af Hjelmsäter, Sauerland, & Otgaar, 2016). Participants
received one of four case descriptions that were based on the case report “Vicky”.
We manipulated the age of Vicky (6- vs. 22-years-old) and whether she made a
spontaneous utterance about the murderer of her mother or made the allegation
after talking to her grandmother on the phone (suggestion-induced). This resulted in
a 2 (Age: 6- vs. 22-years-old) x 2 (Disclosure: spontaneous vs. suggestion-induced)
between-subjects design. The case description was followed by ratings on Vicky’s
credibility, ratings about which general factors led to the credibility decisions
(metacognition ratings), and belief ratings (see left part of Table 7.3 for the content
of the specific items). The latter belief ratings dealt with opinions about age
differences in spontaneous or suggestion-induced false memories and therefore
assessed legal professionals’ awareness about developmental reversals.
The sample had the following characteristics: A total of 102 legal professionals
consisting of 49 judges, 12 attorneys, 39 police officers, and 2 without further
specification of their profession completed the questionnaire (49 females, 53
males). The majority filled in the Swedish questionnaire (n = 63). The sample varied
considerably with respect to their professional experience (ranging from 1 to more
than 31 years of experience) and the number of cases on eyewitness credibility they
are dealing with within their profession (ranging from less than 1 to more than 31
cases per month).
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Table 7.3
Descriptive Statistics of the Vignette Study Differentiated by Conditions (Spontaneous vs. Suggestion-Induced and 6- vs. 22-Year-Old Witness)
Spontaneous
Suggestion-induced
6-year-old girl 22-year-old woman 6-year-old girl 22-year-old woman
M
SD
M
SD
M
SD
M
SD
Credibility ratings
In the trial against Vicky’s father, how strong does Vicky’s witness statement weigh as case
4.92 2.00
4.87
1.66
5.43 1.43
5.16
1.11
supporting evidence?
What strength of evidence does Vicky’s witness statement have in court?
4.48 1.69
4.79
1.51
4.54 1.23
4.40
1.44
2.92
2.02
2.96 1.50
3.04
1.88
To what extent is Vicky’s statement incriminating evidence?
3.56 2.04
How likely do you think is it that Vicky’s father is guilty?
5.04 1.49
4.94
1.26
5.12 1.03
4.54
0.83
How likely do you think is it that Vicky formed a false memory?
3.12 1.39
2.44
1.54
3.65 1.44
3.33
1.40
4.60 1.38
4.83
1.48
4.31 1.09
4.42
1.10
How would you judge the general credibility of Vicky’s statement?
4.72 1.24
4.22
0.90
How would you judge Vicky’s reliability?
4.95 1.13
4.39
1.09
Metacognition ratings
3.06
2.00
4.16 1.46
3.29
1.88
How much was your judgment influenced by intuition?
3.25 1.67
How much was your judgment influenced by experience?
4.58 1.77
4.72
1.94
4.88 1.36
3.83
1.52
How much was your judgment influenced by knowledge?
4.33 1.71
4.08
1.59
3.56 1.66
3.63
1.74
How much did Vicky’s age influence your credibility ratings?
4.46 1.77
3.92
1.61
5.12 1.36
3.63
1.58
How much did the fact that Vicky had
5.38 1.50
4.89
1.43
not had contact with any other person/
5.60 1.32
4.17
1.31
had phoned with her grandmother
before she talked to the police influence your credibility ratings?
How useful do you think would it be to ask a memory expert for his or her opinion on the
4.42 2.10
3.61
2.21
4.72 2.19
3.79
1.96
credibility of Vicky’s statement?
Belief ratings
In your opinion, compared to adults, are children generally more or less likely to develop a
4.38 1.41
4.20
1.59
5.00 1.26
4.79
1.18
spontaneous false memory?
Compared to adults, are children generally more or less likely to develop a suggestion-induced 5.00 1.35
4.80
1.53
5.12 1.24
4.88
1.33
false memory?

General Discussion

7

185

Chapter 7
The descriptive statistics of the questionnaire ratings are shown in Table 7.3.
Each statement was rated on a Likert-scale ranging from 1 to 7. Higher ratings
generally reflect stronger endorsement. The specific ratings on item-level will be
discussed for those ratings that yielded significant group differences. Two-way
ANOVAs revealed no significant interactions between the factors Age and Disclosure
for any of the ratings, but there were significant main effects. Professionals’ rating
for the credibility item How likely do you think it is that Vicky formed a false
memory? differed as a function of Age of the witness and Disclosure type.
Professionals were more likely to assume that a false memory was formed in the
vignettes with the 6-year-old witness, F(1, 99) = 4.22, p = .043, ƞ2 = 0.04, and when
the witness (irrespective of age) had talked to her grandmother on the phone prior
to her disclosure to the police, F(1, 99) = 4.69, p = .033, ƞ2 = 0.05. Furthermore,
there was a main effect of Age for How would you judge Vicky’s reliability? with,
contrary to our expectation, the 6-year-old witness being rated as more reliable
than the 22-year-old witness, F(1, 99) = 5.87, p = .017, ƞ2 = 0.06.
With respect to the metacognition ratings, there was a main effect of Age on
How much did Vicky’s age influence your credibility ratings?, F(1, 99) = 12.78, p ˂
.001, ƞ2 = 0.11, and How useful do you think would it be to ask a memory expert for
his or her opinion on the credibility of Vicky’s statement?, F(1, 99) = 4..46, p = .037,
ƞ2 = 0.043. Moreover, there was a main effect of Age, F(1, 99) = 15.39, p ˂ .001, ƞ2 =
0.14, for the statement How much did the fact that Vicky had not had contact with
any other person // had phoned with her grandmother// before she talked to the
police influence your credibility ratings? Note that the phrasing of that statement
varied as a function of Disclosure type. All these main effects of Age on the
metacognition ratings were in the direction of stronger endorsement when
practitioners had read the vignettes with the 6-year-old witness than with the 22year-old witness. Furthermore, there was a main effect of Disclosure for the item
How much was your judgment influenced by knowledge?, F(1, 99) = 4.18, p = .044,
ƞ2 = 0.04. Professionals based their judgements more on knowledge when they
received the vignette with the spontaneous rather than the suggestion-induced
disclosure.
Lastly, for the belief ratings, there was a main effect of Disclosure for the item In
your opinion, compared to adults, are children generally more or less likely to
develop a spontaneous false memory?, F(1, 99) = 4.85, p = .030, ƞ2 = 0.05, with
children being rated more likely to form a spontaneous false memory if practitioners
had received the vignette in which Vicky made a suggestion-induced allegation
rather than a spontaneous utterance. All other main effects were non-significant.
For the interpretation of the present results it must be noted that finding mainly
null or small effects is actually a good outcome. It indicates that practitioners do not
follow a simplistic rule in the evaluation of a witness, as would have been reflected

186

General Discussion
in large interaction or main effects. To get a better grasp of practitioners’ answers to
the item and their implications for the legal field, it is necessary to have a closer look
at the items’ descriptive statistics. We collapsed the data across conditions to look
at those items that were not qualified by one of the factors. The respective
descriptive statistics can be found in Table 7.4. In order to evaluate the items on
content-level, we provide information about the answer options in the table. Across
items, it becomes apparent that there was a big range of answers (see column SD).
In almost all cases, at least one practitioner chose one of the most extreme answers
that were possible (see columns min and max). Nonetheless, a lot of means
surrounded the neither nor or undecided options (Likert-scale rating 4). Of those
items that were not qualified by a significant main effect, only a few items differed
noteworthy from the undecided option (+/- 0.75 Likert-points). Specifically, on a
plain descriptive level, practitioners rated that there was support for the notion that
Vicky’s statement may have a somewhat strong weigh as case-supporting evidence
in the trial against her father and that it was somewhat unlikely that Vicky formed a
false memory. Finally, practitioners thought that it is somewhat more likely that
children form a suggestion-induced false memory as compared with adults.
This vignette study highlights that it is not only necessary to conduct research on
developmental trends in eyewitness memory, but also to promote awareness
among legal practitioners about the implications of such research and the advantage
of consulting a memory expert for statement validity assessments. Overall, the
practitioners in our sample were quite critical and were not inclined to have very
extreme opinions (although there was considerable variance in the ratings in the
sense that some practitioners held strong opinions about the items).
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Credibility ratings
In the trial against Vicky’s father, how strong does Vicky’s witness statement weigh as case supporting evidence?
What strength of evidence does Vicky’s witness statement have in court?
To what extent is Vicky’s statement incriminating evidence?
How likely do you think is it that Vicky’s father is guilty?
How likely do you think is it that Vicky formed a false memory?
How would you judge the general credibility of Vicky’s statement?
How would you judge Vicky’s reliability?
Metacognition ratings
How much was your judgment influenced by intuition?
How much was your judgment influenced by experience?
How much was your judgment influenced by knowledge?
How much did Vicky’s age influence your credibility ratings?
How much did the fact that Vicky had not had contact with any other person/ had phoned with her grandmother
before she talked to the police influence your credibility ratings?
How useful do you think would it be to ask a memory expert for his or her opinion on the credibility of Vicky’s
statement?
Belief ratings
In your opinion, compared to adults, are children generally more or less likely to develop a spontaneous false
memory?
Compared to adults, are children generally more or less likely to develop a suggestion-induced false memory?

Table 7.4
Descriptive Statistics of the Vignette Study (Collapsed across Conditions)

1
1
1
1
1
1

1
1

1.81
1.66
1.67
1.63
1.44

3.42
4.57
3.94
4.31
5.05

4.15 2.15

4.62 1.37
5.02 1.31

1
1
1
2
1
2
2

Min

1.58
1.42
1.91
1.12
1.49
1.25
1.12

SD

5.10
4.64
3.06
4.99
3.08
4.63
4.55

M

7

7

7

7
7
7
7
7

7
7
7
7
7
7
7

Max

less - more

less - more

useless - usefull

little - much
little - much
little - much
little - much
little - much

weak - strong
weak - strong
weak - strong
unlikely - likely
unlikely - likely
incredible - credible
unreliable - reliable

range of answers
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Methodological Remarks and Future Directions
There are a few methodological issues inherent in doing research with minors.
The first are decisions that need to be made in order to balance ethical limitations
with ecological validity. The most experimental control can be achieved with target
events that are similar for every participant. To do so, most of our studies used
videos that depicted a crime. These videos were all approved by the standing ethical
committee of the faculty. An often-raised limitation of watching a video is that it is
somewhat artificial as compared with witnessing a real crime. In Chapter 5, we
tackled this issue by exposing our child participants to a staged event. Deciding on a
script was somewhat challenging as the situation needed to be (a) realistic, (b) not
too upsetting, (c) forensically relevant, and (d) interesting enough to maintain
participants’ attention. An additional challenge was that we wanted to employ a
delay between the target event and the final memory test without stressing our
participants in the meantime. Because we wanted to avoid children and adolescents
to talk about the scene of interest (the wallet theft), we needed to come up with a
cover story. We believe that we were successful in circumventing natural
conversations about the target event, as assessed by our control question.
Brainstorming about the staged event let, however, to another research question
which we were not able to assess yet: are developmental effects present in rumour
transmission (see also Brainerd, 2013)? Principe and colleagues investigate aspects
of rumour mongering and one study even suggests a developmental reversal in the
acceptance of false suggestions transmitted through rumours (Principe, Guiliano, &
Root, 2008). It would definitely be worth to study this in the realm of FTT and AAT
and with a broader age range of the sample (including adolescents).
This leads us to another consideration about methodological issues: the age
range of the studied samples. These are quite heterogeneous, which allows making
conclusions about a broader age range, but limits between-study comparisons. Even
though we aimed at more comparable age ranges, we were sometimes limited by
the circumstances. That is, we had to go through a lengthy approval process in
which first the faculty had to approve the experiment, and then the school
principal(s), sometimes teacher-committees, then the teachers, then the parents,
and finally the children and adolescents had to agree to participate in the
experiment. This time-consuming process led us to eventually go for a convenience
sample. That is, once we were able to test in a school, we made sure to test as many
participants as possible that were broadly in the initially intended age range. A
better understanding of nuanced developmental differences would be desirable and
we therefore encourage researchers with access to a big sample of minors to have a
more systematic approach in age comparisons.
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In this dissertation, a horizontal approach rather than a vertical approach was
chosen. Although a vertical approach allows going in more depth, a horizontal
approach allows to tap into a wide range of research areas. There is abundant room
for further progress in determining which specific underlying mechanisms are
driving developmental differences in the eyewitness context.
Lastly, we strongly encourage other researchers to also investigate how
adolescents perform in comparison to children and adults in forensically relevant
situations. This information ideally leads to best-practice guidelines to interview
them. Structured interview protocols already exist for children and adults, but are
lacking for adolescents. To date, empirical findings do not yet suffice
recommendations and it is therefore advisable to further investigate memory
phenomena in adolescents that are pertinent to the legal context.

Conclusion
The main goal of the present dissertation was to increase awareness of the fact
that developmental trends in eyewitness memory are not invariant and that it is
necessary to explore ways to improve event recall across ages. Chapter 2 and 3
highlighted previously unstudied developmental particularities in eyewitness
memory. That is, adolescents showed an increased tendency to misidentify an
innocent bystander as the culprit from target-absent lineups. Furthermore, reversed
age-trends with younger participants outperforming older participants were shown
for the susceptibility to meaning-related post-event misinformation. The attempts
to facilitate memory recall introduced in this dissertation (immediate questioning
and model statement) were not fruitful, but research is needed to understand how
witnesses can be aided in their task to provide accurate statements. Although this
dissertation focused on the legal context, the findings may well have a bearing on
other contexts, for example in the educational context, in which it is the aim of
teachers to help students to correctly retain acquired knowledge.
Even though memory research has a long tradition, there are still several
research gaps (e.g., adolescents’ proneness to certain memory errors) and incorrect
assumptions about witnesses’ (in)capabilities to give a valid statement still find their
way into legal decision making. It is therefore not only relevant to focus on
fundamental research, but also to disseminate findings among legal professionals in
a manner that is easily assessable and targeted to the specific profession. Some
professions that are not used to reading scientific papers may not be able to extract
the relevant information. Other channels therefore need to be sought as well to
communicate what is (and what is not) known about developmental trends in
eyewitness memory (e.g., lectures, seminars, publications in profession-specific
journals etc.).
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Valorisation Addendum
One of my reasons to step into academia was my fascination of people who hold
unique knowledge. I was impressed by the abundance of facts about how the world
works, which researchers managed to accumulate throughout history. Bright minds
figured out how important aspects of physics, social interactions, economics,
biology, and much more follow predictable patterns. This knowledge often greatly
facilitated our lives. Could you, for example, imagine a world without electricity? I
worshiped individual researchers and strongly believed that they hold the Holy Grail
to knowledge. I soon learned that bright minds truly exist, but that even the ideas of
the brightest minds bloom through the dialogue with others. Having an academic
dialogue is necessary to refine theories or methods, to initiate new research ideas,
and to make sense of what one might have found. I therefore strongly believe that
both discussion about and the dissemination of ones work are an essential element
of scientific improvement. In order to tailor the research to what is needed in the
respective fields, it is not only necessary to talk to other researchers, but also to
practitioners or whom it may concern (such as policy makers).
Bearing my admiration for science in mind, it took me by surprise when the
American presidential election at the end of 2016/ begin 2017 resulted in a debate
on alternative facts. Knowledge is to me true until proven otherwise. A scientific
theorem called falsifiability. To establish a fact, methodological approaches need to
be chosen that can be disproven. Through refinements, replications and testing of
diverging explanations, we will approach the real truth step by step. This cautious,
tentative, nuanced, and meticulous approach does not mean that facts are bendable
to one’s liking. The idea is to be open towards all possible outcomes and to let the
findings tell their own story, in whichever direction they point.
I believe that we, as researchers, should not blame other people for believing in
or defending alternative, disproved facts. This debate about alternative facts, once
more, highlighted how important it is to communicate scientific findings in a manner
that is targeted to the audience to whom it may be of relevance. Everyday language
differs greatly from how scientists communicate in their field of research. If we want
to make our research accessible to a broader audience, we need to overcome the
mismatch in communication style and to disseminate our findings through multiple,
diverging channels.
This chapter aims to tackle the issue of knowledge valorisation. More specifically,
I will elaborate on the societal relevance of my research findings and the target
groups that may have an interest in them. Furthermore, the innovative aspect of my
research and the activities to disseminate the findings are discussed. Note that
(aspects of) these points are also discussed in the chapters of this dissertation.
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Relevance
The title of my thesis, Are children really the poorer eyewitnesses? An analysis of
counterintuitive developmental trends in eyewitness memory, directly pinpoints the
societal relevance of my research topic. That is, to study how developmental
differences influence the likelihood of being a “good” eyewitness. I thereby
challenged a wildly held assumption among lay people and many legal professionals
in which children are believed to be inferior witnesses as compared to older children
and adults. The practical consequence of this assumption is that adult’s testimony
might be favoured over children’s. Even though this attitude seems to have its
bearing for some memory errors that may taint an eyewitness testimony, the
present dissertation showed that it is necessary to paint a more nuanced picture.
When it comes to memory errors that are caused by external pressure, adults
generally outperform children. But this trend is malleable and can even flip when
focussing on misinformation that is more readily assessable by adults (meaningbased misinformation). Other memory errors, such as bystander misidentifications
in adolescents, may even show a peak at a certain age group. My main message of
the thesis, therefore, is that an individual validity assessment of a witness
statement, although difficult, is needed and that no rule of thumb that only focusses
on age should be employed when judging the credibility of a witness. My findings
and the central message of my thesis are thus of relevance to prevent miscarriages
of justice due to erroneous or non-believed testimony.

Target groups
My research results may mainly be of interest to legal professionals such as
judges and police officers, and to policy makers. These target groups are concerned
with the appropriate questioning of witnesses of different ages and the post-hoc
evaluation of the investigative value of a witness statement. These professions
therefore benefit from scientific attempts to disentangle the conditions under which
a witness’ memory is more or less error-prone. They further benefit from research
into attempts to improve eyewitness recall as this may ultimately facilitate they job
by empirically testing what may work or what not to achieve a more accurate and/
or complete witness account.
Furthermore, research on memory, as conducted in this dissertation, is also of
importance for professionals like social workers, teachers or anyone working with or
in the interest of children or vulnerable people. For example, people in the field of
education may want to elicit a more concrete or elaborate account from their
students about the teaching material. Providing a model statement or building
rapport may also serve this purpose in a non-forensic area.
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Activities and Products
In order to enable one’s research to have a meaningful contribution to society, it
is necessary to assess the difficulties that practitioners face in their daily work life.
By talking to police officers, expert witnesses, judges, and more practically
experienced researchers, I tried to educate myself about issues surrounding
developmental differences in eyewitnesses. These interactions framed the research
that was conducted as part of the present dissertation. Such an approach where
researchers and practitioners have an interdisciplinary exchange hopefully led to
more directly relevant research outcomes. An example of a more standardised way
to assess how well researchers do in communicating their findings to legal
practitioners is described in the general discussion of this dissertation (Chapter 7).
Here, preliminary findings are outlined of a vignette study, pertinent to the
aforementioned developmental memory differences, that was constructed with the
help of a judge and disseminated among judges and police officers in different
countries.
Next to activities that aimed to tailor my research to the practical application, I
am also involved in educating university students. Thereby I am informing the next
generation of possible practitioners how to understand research findings and how
to extract relevant up-to-date information that might be of importance for ones
working environment. By this I hope to alert students to have a critical view on
research outcomes and to correctly contextualise the findings in a nuanced way.
I was further trained in a standardised protocol aimed to interview children, the
National Institute of Child Health and Human Development (NICHD) protocol. This
training qualifies me to educate police officers and others about child appropriate
question styles. Ideally, my research triggers more studies into age-appropriate
interview styles. While interview guidelines exist for children and adults (see for
example the Cognitive Interview), such protocols are non-existent for adolescents.
Pointing out that adolescents also form a unique age group may hopefully, in the
long-run, result into age-appropriate interview guidelines also for adolescents.

Innovation
On the one hand, the findings outlined in this dissertation demonstrated the
flexibility of developmental trends under forensically relevant circumstances. By
doing so, we tested whether findings that pointed to age-dependent developmental
de- or increases can be translated to more forensically relevant research questions.
We showed that witnesses of all ages can give accurate statements, but that their
error-proneness changes in predictable ways. On the other hand, we focused on
attempts to improve eyewitness recall by testing innovative efforts to improve
statement quality and quantity.
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A further overarching aim was to include adolescents into the participant
sample. Even though the statement(s) of witnesses of all ages may become the
centerpiece of an investigation, developmental research into eyewitness memory
typically either focusses on children or adults. Adolescents are rarely included in
studies on the proneness to certain forensically relevant memory errors. The studies
presented in this dissertation tried to fill this research gap by examining adolescent’s
performance relative to that of younger children and adults. The current findings
therefore add to the understanding of adolescent’s error-proneness relative to
other age groups.

Implementation and Knowledge Dissemination
To make the findings of this dissertation more accessible, we opted for an open
access option whenever possible. This open access enables people who do not have
the means to pay for journal articles to be able to read them for free. I am also
active on Research Gate as a means to stay in contact with other researchers and to
promote my publications. In addition to publishing the current findings in peerreviewed scientific journals and to discussing them at international conferences, I
chose outlets that are read by a more diverse audience. That is, the journal In-Mind
was chosen as it is a peer-reviewed online journal targeted for the educated lay
person. Furthermore, I write blog entries, am in contact with practitioners, and am
trying to motivate undergraduate students to continue research into developmental
particularities in eyewitness memory.
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