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Differences in Binding and Monitoring Mechanisms Contribute to Lifespan

Age Differences in False Memory

Yana Fandakova, Yee Lee Shing, and Ulman Lindenberger
Max Planck Institute for Human Development

Based on a 2-component framework of episodic memory development across the lifespan (Shing &
Lindenberger, 2011), we examined the contribution of memory-related binding and monitoring processes
to false memory susceptibility in childhood and old age. We administered a repeated continuous
recognition task to children (N = 20, 1012 years), younger adults (N = 20, 20-27 years), and older
adults (N = 21, 6876 years). Participants saw the same set of unrelated word pairs in 3 consecutive runs
and their task was to identify pair reoccurrences within runs. Across runs, correct detection of repeated
pairs decreased in children only, whereas false recognition of lure pairs showed a greater increase in older
adults than in children or younger adults. False recognition of rearranged pairs decreased across runs for
all participants. This decrease was most pronounced in children, in particular for high-confidence
memory errors. We conclude that memory binding mechanisms are sufficiently developed in children to
facilitate memory monitoring and reduce false memory for associative information. In contrast, older
adults show senescent impairments in both binding and monitoring mechanisms that both contribute to
elevated illusory recollections in old age. We conclude that binding and monitoring processes during

memory performance follow different developmental trajectories from childhood to old age.
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False memory (i.e., erroneously remembering episodes that did
not occur) is of great practical importance for eyewitness testi-
mony and has received extensive attention both in the child de-
velopmental and aging literature (Ghetti & Lee, 2011; Jacoby &
Rhodes, 2006). Age-related decreases in false memory are often
observed in childhood samples; for instance, preschool children
are more susceptible to false suggestions than older children (Ackil
& Zaragoza, 1995; Poole & Lindsay, 1995). On the aging side,
older adults are more susceptible to misinformation than younger
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adults (Jacoby & Rhodes, 2006; Roediger & Geraci, 2007).' Both
children (6-9 years; Foley & Johnson, 1985; Lindsay, Johnson, &
Kwon, 1991) and older adults (Hashtroudi, Johnson, & Chrosniak,
1990; Henkel, Johnson, & DeLeonardis, 1998) show difficulties
when distinguishing events that actually happened in the past from
those that were only imagined, probably reflecting children’s and
older adults’ general difficulties in determining the source of
different memory episodes (Mitchell & Johnson, 2009; Spencer &
Raz, 1995). Furthermore, recent neuroimaging evidence suggests
that age differences in the susceptibility to false memory, both in
childhood (Paz-Alonso, Ghetti, Donohue, Goodman, & Bunge,
2008) and old age (Dennis, Kim, & Cabeza, 2007, 2008; Gio-
vanello, Kensinger, Wong, & Schacter, 2010), are related to dif-
ferences in patterns of neuronal activation within the brain net-
works supporting the formation and retrieval of episodic memories
(Simons & Spiers, 2003), in particular the prefrontal (for 8-year-
olds, 12-year-olds, and older adults) and medial temporal (for
8-year-olds and older adults) lobes.

So far only two studies have directly compared children and
older adults on the propensity to commit memory errors (Rybash
& Hrubi-Bopp, 2000; Shing, Werkle-Bernger, Li, & Lindenberger,
2009). Rybash and Hrubi-Bopp (2000) used a modified version of
the Deese-Roediger-McDermott paradigm (DRM; Roediger &
McDermott, 1995) to investigate false memory deficits in first-
grade children, younger adults, and older adults. In the DRM

! In studies using the misinformation paradigm, after an initial encoding

phase, participants are typically presented with some misleading informa-
tion about details of the event (Loftus, Miller, & Burns, 1978). Subse-
quently, participants are more likely to claim having seen the misinforma-
tion as a part of the initial learning phase (Lindsay & Johnson, 1989;
Loftus, 2005; Mitchell & Zaragoza, 2001).
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paradigm, participants view a series of words that converge to a
common nonpresented theme (e.g., bed, tired, pillow, rest). After
studying these items, participants tend to falsely remember the
nonpresented theme word (e.g., sleep) with high subjective confi-
dence (Gallo, 2006). In this study, after studying DRM lists,
participants were either asked to generate words related to the
studied categories (generate condition) or to unrelated categories
(control condition). The authors showed that children and older
adults recalled more critical lures in the generate than the control
condition, possibly reflecting difficulties in recollection-based pro-
cessing (Ghetti & Angelini, 2008; Healy, Light, & Chung, 2005;
see also Brainerd & Reyna, 2004). Using an associative recogni-
tion paradigm with word pairs, Shing, Werkle-Bergner, Li, and
Lindenberger (2008, 2009) found that older adults were dispro-
portionately more likely to falsely endorse novel configurations of
familiar words with high subjective confidence compared to chil-
dren (10-12 years), teenagers (13—15 years), and younger adults.
However, little is known about the commonalities and differences
in the mechanisms underlying false memory between childhood
and old age (cf. Craik & Bialystock, 2006; Shing & Lindenberger,
2011).

The findings reviewed above are largely in line with the two-
component framework of episodic memory (Shing et al., 2008,
2010; Shing & Lindenberger, 2011). According to this framework,
episodic memory performance across the lifespan reflects the
interplay between two independent but interacting associative and
strategic components. The associative component depends on me-
dial temporal functioning and refers to mechanisms that bind
together different aspects of an event into a cohesive representa-
tion during the encoding, storage and retrieval of episodic mem-
ories. It is relatively mature by middle childhood (around age 6),
as indicated by behavioral and neuroimaging evidence (Gogtay et
al., 2004; Ofen et al., 2007; Sowell et al., 2003; but see Ghetti,
DeMaster, et al., 2010; Gogtay et al., 2006), and undergoes senes-
cent decline during adulthood and old age (Brehmer, Li, Muller,
von Oertzen, & Lindenberger, 2007; Cowan, Naveh-Benjamin,
Kilb, & Saults, 2006; Raz, Ghisletta, Rodrigue, Kennedy, & Lin-
denberger, 2010; Raz et al., 2005; Sander, Werkle-Bergner, &
Lindenberger, 2011). The strategic component depends on pre-
frontal functioning and refers to control and organizational pro-
cesses during encoding, as well as strategic search, monitoring and
evaluation during retrieval. It shows prolonged development up to
adolescence and young adulthood and also undergoes senescent
decline in old age (Kausler, 1994; Ofen et al., 2007; Raz et al.,
2005, 2010; Schneider & Pressley, 1997).

The protracted development of the strategic component might
contribute to children’s increasing success in distinguishing the
source of their memories or withstanding the effects of misinfor-
mation (Sluzenski, Newcombe, & Ottinger, 2004). Strategic defi-
cits might also be driving older adults increased propensity for
false memory (Dodson & Schacter, 2002). One of the processes
supported by the strategic component that might be especially
important for opposing false memories during retrieval is memory
monitoring (Schacter, Norman, & Koutstaal, 1998). Memory mon-
itoring refers to the evaluation and control of information in
episodic memory according to current task goals and decision
criteria (Burgess & Shallice, 1996; Mitchell & Johnson, 2009;
Moscovitch & Winocur, 2002). Demand on monitoring processes
is especially high whenever the presented information is associated

with a high familiarity signal that needs to be overcome in order to
reach a correct decision. Between preschool years and elementary
school, the ability to withstand memory interference increases
(Schneider & Pressley, 1997). At the other end of the lifespan,
older adults are more susceptible to proactive interference because
of difficulties to avoid erroneous responses that are highly prob-
able based on prior experience (Hay & Jacoby, 1999; May, Hasher,
Kane, 1999). However, so far no study has directly compared the
ability to withstand interference in episodic memory between
children and older adults, and its role in false memory across the
lifespan.

Monitoring is also needed to subjectively assess the correctness
of a potential memory response, for example in subjective confi-
dence ratings, and serves as the basis of memory control (Koriat &
Goldsmith, 1996; Nelson & Narens, 1990). Even though even
younger children (e.g., 5-year-olds) can differentiate between cor-
rect and incorrect responses in their confidence judgments (Ghetti,
2003; Ghetti, Qin, & Goodman, 2002), developmental increases in
this ability are observed with increasing age (Ghetti, Lyons, Laz-
zarin, & Cornoldi, 2008; Koriat, Goldsmith, Schneider, & Nakash-
Dura, 2001; Roebers, 2002; Schneider & Lockl, 2002). On the
aging side, some evidence suggests similar miscalibration effects,
such that older adults tend to be falsely confident about the
accuracy of their recognition judgments (Dodson & Krueger,
2006; Kelley & Sahakyan, 2003). Older adults are especially prone
to commit errors with high subjective confidence whenever recol-
lection of specific details is necessary (Dodson, Bawa, & Krueger,
2007). However, no such effects were observed in children (Shing
et al., 2009), pointing to potential differences in episodic misrec-
ollection between children and older adults.

Up to date, little is known about the effects of lifespan differ-
ences in the associative component on false memory and confi-
dence calibration. As the associative and strategic components
interact to support episodic memory, it is conceivable that more
distinctive memory traces might facilitate monitoring processes
and the rejection of highly familiar but irrelevant information.
Given that the associative component is relatively mature by
middle childhood, children’s intact binding mechanisms may help
to withstand interference and reduce their false memory levels for
familiar associative information, leading to relatively low levels of
high-confidence misrecollections (Shing et al., 2009). In contrast,
older adults are assumed not to show such benefits, as their
associative memory component is afflicted by senescent changes
in the medial temporal lobes. We tested this lifespan dissociation
directly by including children and older adults in the same exper-
iment.

The Present Study

To address differences in memory-related binding and monitor-
ing processes between children, younger adults, and older adults,
we used a modified version of the repeated continuous recognition
task (Schnider, von Daniken, & Gutbrod, 1996). In each run,
participants viewed the same task set of 84 word pairs (see Figure
1). A different subset of these word pairs was repeated in each run,
and participants were asked to indicate exact pair reoccurrences
within the ongoing run. Familiarity for the word pairs increased
across runs, making it more difficult to discern whether each word
pair was presented for the first time in the current run (termed [ure
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Repeated Continuous Recognition Task

Familiarization Run1 Run 2 Run3
Lure Lure Lure
Drum Clock Drum Clock | — new Tree Cup — new Pen Toe — new
Novel Lure Lure
Tree Cup Car Baby — new Drum Clock | — new Bell Lamp | — new
Lure Repeated Lure
Bell Lamp Bell Lamp — new Tree Cup —old Drum Clock | — new
Repeated Novel Rearranged
Pen Toe Drum Clock | — old Ball Rope N :ew Drum Toe | new
Lure
Are both, one or none Tree Cup — i
living or non-living?
Press old if a word pair is exactly repeated
Rearranged within this run, irrespectively of whether
Bell Cup —> new you have seen it in previous runs.
Otherwise press new. Decide whether you

Figure 1.

are sure or unsure in your response.

Experimental task design. Arrows at each trial indicate the expected correct response on the

corresponding trial. Lure, novel, repeated and rearranged pairs were presented in each run of the task.

pairs) or was repeated in the current run (termed repeated pairs).
We expected that across runs of the task participants would in-
creasingly commit false alarms on the lure pairs. We hypothesized
that this effect would be particularly pronounced in children and
older adults, due to maturational and senescent changes in the
strategic component, and in monitoring processes in particular.
Another subset of the word pairs were recombined within a run
such that the two words of the pair were familiar but the conjunc-
tion between them was novel (rearranged pairs). While both
children and older adults might have difficulties with memory
monitoring and control, we hypothesized that children might be
able to use their relatively mature associative component to reduce
false responses for novel associative information. Hence, we ex-
pected that children and older adults will not differ in performance
on rearranged pairs in the beginning of the task when demand on
monitoring processes is maximized (Rotello & Heit, 1999). We
hypothesized that that children would commit fewer errors than
older adults in later runs of the task because they would benefit
more than older adults from multiple repetitions of the lure pairs
across runs, presumably by strengthening memory representations
for the lure pairs from which the single words are taken (cf. Kilb
& Naveh-Benjamin, 2011; Light, Patterson, Chung, & Healy,
2004). Finally, we examined whether false memory differences
between children and older adults are specifically related to com-
mitting high-confidence errors, and whether children’s relatively
developed associative component would facilitate their confidence
calibration for novel conjunctions of familiar information.

Method

Participants

Participants in the present study were 20 children (aged 10-12
years), 20 younger adults (aged 20-27), and 21 older adults (aged

68-76). All participants were native German speakers. Children were
attending the highest school track in Germany (the Gymnasium) that
allows for university admission. Younger adults were university stu-
dents, and older adults lived independently in the community and
reported no major health issues. Older adults were screened for
cognitive impairment with the Mini Mental State Examination
(MMSE; M = 29.1, SD = 0.89, Range = 27 — 30; Folstein, Folstein,
& McHugh, 1975). Descriptive information of the participants is
presented in Table 1. The participants were assessed on measures of
perceptual speed (Digit Symbol; cf. Tewes, 1991; Wechsler, 1955)
and crystallized intelligence (verbal knowledge; cf. Lehrl, 1977,
2005). Verbal knowledge increased continuously across the age
groups, F(2, 57) = 102.43, p < .05. Age differences in perceptual
speed followed an inverted U-shaped function, F(2, 57) = 47.81,p <
.05, such that children and older adults did not differ from each other,
and that both showed lower perceptual speed performance than
younger adults. Hence, the three age groups showed age-typical
performance on measures of perceptual speed and crystallized intel-
ligence (Li et al., 2004).

Materials

A task set of 84 unrelated word pairs was formed from concrete
German words. An additional set of 84 word pairs was used as

Table 1
Mean Descriptive Characteristics of Sample

Children Younger adults Older adults
Variable M SD M SD M SD
Age (years) 10.78 0.4 23.87 2.3 72.22 2.6
Male:female (%) 65:35 45:55 48:52
Digit symbol 4037  7.14  68.10 1237 4410 877
Vocabulary 13.00 377  23.65 289 2857 375
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novel pairs in the main task. The word pairs were taken from a
previous study on lifespan age differences in episodic memory
(Shing et al., 2008) and five independent raters checked that the
words constituting a pair were not phonetically, categorically or
semantically related. The words were comparable on word fre-
quency and length.

Procedure

At the beginning of the session participants were instructed and
practiced the repeated continuous recognition task. Next, they
completed the familiarization task, followed by three consecutive
runs of the main task. Immediately before performing the modified
continuous recognition task, each participant was familiarized with
the task set of word pairs. During familiarization, each word pair
was presented for 4 s, followed by a fixation cross (500 ms).
Participants had to indicate via button press whether none, one or
both of the words depicted a living object.

Following this phase, participants performed three runs of the
repeated continuous recognition task. A schematic of the task is
depicted in Figure 1. In each run, the complete task set of word
pairs was presented at least once (termed lure pairs), resulting in
84 lure pair trials. Due to the preceding familiarization task, the
lure pairs were already familiar to the participants in run 1.
Additionally, 28 of the lure pairs were selected to reappear once in
each run (termed repeated pairs). The participants’ task was to
respond “OLD” only to repeated pairs (i.e., those pairs that are
exactly repeated within the same run) and “NEW” to all other pair
types. For example, the word pair “Drum-Clock” (see Figure 1) is
a lure pair when presented the first time in run 1 and is expected
to receive a “NEW” response because this is the first occurrence of
this word pair in this particular run. However, when “Drum-
Clock” reappears in run 1 (see Figure 1) it is a repeated pair and
is expected to receive an “OLD” response because it represents an
exact repetition of a pair that has already been encountered in this
particular run. Different subsets of word pairs from the task set
were randomly selected to repeat in each run. For example, having
been presented as a repeated pair in run 1, “Drum-Clock” would
appear only as a lure pair in runs 2 and 3, respectively. In each run,
another 28 of the lure pairs were selected to form recombined
pairs, with the left word of a given lure pair presented in conjunc-
tion with the right word from another lure pair (termed rearranged
pairs). The rearranged pairs were unique in the sense that a given
recombination of words was never repeated within and across runs.
For example, in run 1 both word pairs “Tree-Cup” and “Bell-
Lamp” are shown once as lure pairs (see Figure 1). The word pair
“Bell-Cup” is shown later on and is a rearranged pair. Here, both
the single words “Bell” and “Cup” are familiar to the participants
because they have already presented in the run, but never in this
conjunction. Hence, this word pair is expected to receive a “NEW”
response. Finally, 28 word pairs that were completely novel to the
participants (termed novel pairs) were presented in each run. For
example, the word pair “Car-Baby” was presented only once in the
whole experiment (see Figure 1) and was also not included in the
familiarization phase.

Prior to the main task, participants were instructed that they
would see word pairs and have to make “OLD” and “NEW”
decisions on whether they have seen them before in the current
run. Participants were instructed to indicate whether they had seen
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a word pair for the first or repeated time in the ongoing run,
disregarding whether a pair appeared in any of the previous runs.
They used four different buttons to give their response—"‘sure
new,” “unsure new,” “unsure old,” and “sure old.” Presentation
time for each word pair was fixed to 4 s. Particularly for the
second and third run, participants were reminded that they
should base their decision only on the ongoing run, irrespective
of whether the word pair has been presented before in the
previous runs. In addition, the participants were informed that
some of the words they have seen may reappear in a different
configuration, in which case they were instructed to respond
“NEW.” An example was given for all conditions using word
pairs that were not included in the actual task. For children and
older adults, a real life example was given to make sure that
they understood the novel configurations (e.g., buying different
flavors of ice cream). Participants were given a practice task
mimicking the real task. The setting of the practice task was
identical to the main task with two exceptions. First, the word
pairs used for practice were not included in the main task.
Second, the runs were shorter and the task took about 5 min to
complete. During the main modified continuous recognition
task, there were brief breaks after the first and second runs (ca.
2-3 min), during which the participants were instructed for the
upcoming run.

We hypothesized that lifespan differences in monitoring pro-
cesses and representation quality would be differentially reflected
in different types of word pairs. First, we expected that familiarity
of the lure pairs would increase through their across-run repeti-
tions, leading to increasing demands on memory monitoring to
overcome the interference from multiple encounters of the same
word pairs. For example, we expected that correctly rejecting the
word pair “Drum-Clock™ when presented for the first time in run
1 would require less memory monitoring than correctly rejecting it
when occurring for the first time in Run 3, due to the increased
interference from multiple presentations of this word pair in pre-
vious runs. In line with the prolonged development and early
age-related decline of the strategic component (Shing et al., 2010),
we predicted that children and older adults would have less effi-
cient monitoring processes to overcome memory interference,
resulting in a more pronounced increase in amount of false alarms
to lure pairs from Run 1 to Run 3, compared to younger adults.
Second, as memory for lure pairs is strengthened by across-run
repetitions, we expected that the detection of novel word conjunc-
tions—and hence the rejection of rearranged pairs—would become
easier from run to run (Light et al., 2004). For instance, we
expected that correctly rejecting the rearranged pair “Drum-Toe”
in Run 3 would be easier than correctly rejecting the novel con-
figuration “Bell-Cup” in Run 1 (see Figure 1). We hypothesized
that this facilitation effect would be stronger in children, who can
make use of a relatively functional associative component, com-
pared to older adults, who show age-related decline in the ability
to form and retrieve distinctive memory representations (Shing et
al., 2010).

Overview of Data Analysis

Proportions of hits minus false alarms were computed for each
participant and run (Snodgrass & Corwin, 1988). In addition, we
examined age differences in hits (“old” response to repeated pairs)
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and false alarms (FA; “old” response to lure, rearranged, or novel
pairs) separately to better characterize memory changes at both
ends of the lifespan. For analysis of confidence, proportions of FA
with high-confidence ratings across all lure or rearranged pairs
were computed. All measures of interest were analyzed using a
repeated-measures analysis of variance (ANOVA) with age as a
between-subjects factor (children vs. younger adults vs. older
adults) and run as a within-subject factor. The Huynh-Feldt cor-
rected degrees of freedom and significance values are reported
when the sphericity assumption was not met (Huynh & Feldt,
1976). An alpha level of .05 with Bonferroni correction for mul-
tiple comparisons was used for all statistical tests. Unless other-
wise reported, post hoc comparisons were not significant. No
outliers were found in any measure (p < .001, two-tailed test).?

To ensure that the results reported below are not confounded by
age differences in response bias, we examined response bias using
the Br index (Snodgrass & Corwin, 1988). In the repeated contin-
uous recognition task lure and rearranged pairs are confounded
with the main experimental manipulation. Therefore, we used
novel pairs to compute the Br index as a measure of the tendency
to respond “old” across age groups. Values of Br > 0.5 indicate a
liberal bias (Snodgrass & Corwin, 1988). An ANOVA revealed
that the effects of run and the Run X Age interaction were not
significant (p > .5). The main effect of age group was reliable,
F(2,56) = 4.72, p = .013. Older adults (Mg, = .14, SDyg, = .15)
showed an overall more liberal bias than younger adults (Mg, =
.04, SDg,. = .08), #(29.14) = 2.70, p = .012. Response bias in
children (Mg, = .07, SDg, = .08) did not differ from either older
or younger adults (p > .05). To control for possible effects of age
differences in response bias, all results reported below were re-
peated using the Br index as a covariate in the ANOV As. The main
pattern of results did not change in these analyses.

Results

Overall Memory Recognition Performance

Separate ANOVAs examined recognition scores (Hits — FA)
computed with FA for lure, rearranged, and novel pairs (see Table
2). For lure pairs, the main effect of run was significant, F(1.8,
106.2) = 32.70, p = .001, n3 = .36, indicating the reduction in
performance across runs. This result is in line with the expected
drop in performance for lure pairs with increasing interference
from multiple repetitions of these word pairs across runs of the
task. The main effect of age group was also significant, F(2, 58) =
11.89, p = .001, m3 = .29. Children and older adults showed
similar performance, and performed less well than younger adults,
#(38) = 3.39, p = .001, d = 1.07 for children; #(39) = 4.55,p =
.001, d = 1.4 for older adults. The Age Group X Run interaction
was not reliable, F(3.7, 106.2) = 0.95, p = .44, m; = .03.

For recognition scores with rearranged pairs, performance of all
age groups increased across runs, F(1.9, 111.4) = 17.94, p = .001,
M = .24, in line with the expected facilitation of rejecting these
pairs with more distinctive representations of the pairs from which
the single words are taken. The main effect of age group was also
reliable, F(2, 58) = 27.57, p = .001, ng = 49, but not the Age
Group X Run interaction, F(3.8, 111.4) = 0.15, p = .96, "qg = .01
(see Table 2). Children and older adults showed similar perfor-
mance on rearranged pairs, that was significantly lower than

FANDAKOVA, SHING, AND LINDENBERGER

Table 2

Mean Hit-False Alarm (FA) With Lure, Rearranged, and Novel
Pairs Across Runs of the Modified Continuous Recognition Task
Across Age Groups

Younger
Children adults Older adults
Variable M SD M SD M SD
Hit-FA Lure
Run 1 .58 .14 .70 .16 57 11
Run 2 .49 12 .67 .16 48 .10
Run 3 44 15 .56 .19 .39 13
Hit-FA Rearranged
Run 1 .30 17 .59 23 18 .09
Run 2 35 21 .67 27 24 .19
Run 3 44 .20 72 .26 .30 22
Hit-FA Novel
Run 1 72 15 .82 .14 78 .10
Run 2 .61 17 .84 .14 5 .10
Run 3 .60 21 .82 13 75 12
Novel FA
Run 1 .02 .03 .01 .02 .04 .05
Run 2 .03 .05 .01 .03 .03 .04
Run 3 .04 .09 .003 .01 .03 .03

younger adults’ performance, #(38) = 4.55, p = .001, d = 1.44 for
children; #29.8) = 6.95, p = .001, d = 2.18 for older adults.

For recognition scores with novel pairs, performance of all age
groups increased across runs, F(2, 116) = 5.71, p = .004, 3 =
.09. The main effect of age group was reliable, F(2, 58) = 27.57,
p = .001, n% = 49, as well as the Age X Run interaction, F(4,
116) = 3.96, p = .005, n; = .12 (see Table 2). While the age
groups did not differ in Run 1, in Run 2 children showed lower
recognition than younger adults, #38) = 4.50, p = .001,d = 1.42,
and older adults, #(29.8) = 3.06, p = .010, d = 0.96. In Run 3,
children’s performance was again lower than both younger adults,
#(31.63) = 3.96, p = .001, d = 1.25, and older adults, #(29.7) =
2.79,p = .011,d = 0.88.

To summarize, when computed with lure and rearranged pairs,
overall recognition scores were lower in children and older adults
than in younger adults, with no reliable differences between chil-
dren and older adults. In contrast, when computed with novel pairs,
children’s recognition performance was lower than younger and
older adults. Given our expectations regarding lifespan differences
in errors patterns, hits and false alarms were examined separately
in the next set of analyses.

Veridical and False Memory

We expected that lifespan differences in monitoring processes
and quality of memory representations would be differentially
reflected in performance to lure and rearranged pairs. Specifically,
we expected an increase in FA rates to lure pairs with increasing
interference from previous presentations across runs. In contrast,
we hypothesized that FA rates to rearranged pairs would de-
crease across runs, reflecting strengthening of the memory

2In all age groups, reaction time was below the maximal word pair
presentation time of 4 s. This was true for all conditions and runs of the
present experiment.
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representations for lure pairs through their repeated presenta-
tion. To directly assess these predictions, we performed sepa-
rate. ANOVAs on hits and FA rates. The results of these
analyses are presented in Figure 2.

Hits (Figure 2A). The main effects of run, F(1.9, 109.1) =
745, p = .002, 3 = .11, and age group, F(2, 58) = 8.94, p =
.001, n? = .24, were significant. Moreover, the Run X Age Group
interaction was reliable, F(3.8, 109.1) = 4.89, p = .002, nﬁ = .14.
While the age groups did not differ in Run 1, in Run 2 children
showed lower hit rate than younger adults, #(38) = 4.39, p = .001,
d = 1.38, and older adults, #30.3) = 3.39, p = .003, d = 1.08. In
Run 3, children also made less hits than both younger adults,
1(38) = 3.64, p = .001, d = 1.11, and older adults, #32.01) =
2.88, p = .009, d = 0.89. Taken together, while younger and older
adults did not differ in their ability to detect repeated word pairs
within a run, children showed lower performance on repeated pairs
in Runs 2 and 3.

Lure FA (Figure 2B). There were significant main effects of
run, F(1.8, 100.9) = 19.10, p = 001, ng = .25, and age group, F(2,
58) = 8.85, p = .001, T],% = .23. The Age Group X Run interaction
was also reliable, F(3.5, 100.9) = 3.21, p = .023, n,% = .10. Post
hoc tests revealed that in Run 1 older adults committed more FA
than younger adults, #(39) = 3.36, p = .005, d = 1.07. However,
in Run 2 older adults made more FA than both children, #39) =
4.08, p = .001, d = 1.24, and younger adults, #39) = 3.24, p =
.003, d = 1.00. In Run 3 older adults again showed higher FA rate
than children, #39) = 3.76, p = .002, d = 1.15, and younger
adults, #(39) = 2.40, p = .049, d = 0.75. Taken together, with
increasing interference from multiple repetitions of the lure pairs
across runs, participants became more likely to erroneously en-
dorse a lure pair as already seen in the ongoing run. Of note, this
tendency was stronger in older adults compared to both children
and younger adults.

Rearranged FA (Figure 2C). There was a reliable effect of
run, F(1.8, 107) = 41.05, p = .001, 3 = .41, indicating an overall
decrease in FA to rearranged pairs across runs. The effect of age
group was also significant, F(2, 58) = 31.06, p = .001, n} = .52.
Younger adults demonstrated a lower FA rate than both children,
1(38) = 3.02, p = .005, d = 0.96, and older adults, #(39) = 7.94,
p = .001, d = 2.48. In addition, children committed less rear-
ranged FA than older adults, #(39) = 4.66, p = .012,d = 1.45. The
Age X Run interaction showed a trend toward statistical signifi-
cance, F(3.7, 107) = 2.25, p = .073, ng = .07, reflecting the
tendency in the three age groups to show distinctive pattern of
change in memory performance across runs. In particular, a closer
examination of Figure 2C suggests that children, but not older
adults, showed a more pronounced decrease in the amount of
errors to rearranged pairs from Run 1 to Run 2.

Novel FA (Table 2). For FA to novel pairs, only the main
effect of age group was reliable, F(2, 56) = 3.49, p = .037, n,% =
.11. Older adults committed reliably more novel FA than younger
adults, #(26.93) = 3.07, p = .045, d = 1.07. Children did not differ
reliably from both younger and older adults. There were no reliable
effects of run, F(2, 112) = 0.17, p = .84, T]Iz) = .003 or an Age
Group X Run interaction, F(4, 112) = 0.19, p = .94, n% = .007.

To examine to what extent age differences in performance on
lure and rearranged pairs was affected by age differences in false
alarm rates to novel pairs, the hit rate for repeated pairs and the
false alarm rates for rearranged and for lure pairs were corrected
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Figure 2. Mean proportion of hits to repeated pairs (A), false alarms to
lure pairs (B), and false alarms to rearranged pairs (C) across runs of the
modified continuous recognition task. Error bars represent standard error of

the mean.
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by subtracting from them the false alarms for novel pairs. All
analyses were repeated with the corrected measures (see Light et
al., 2004), and the results were identical to the results reported
here.

High-Confidence Memory Errors

To determine the degree to which age differences in FA to
lure and rearranged pairs were driven by committing errors with
high subjective confidence, we compared “sure old” responses
for repeated, lure, and rearranged pairs in separate ANOVAs
(see Figure 3).

High-confidence hits (Figure 3A). The main effects of run
and age group showed a trend toward statistical significance,
F(1.9, 110) = 2.88, p = .063, ) = .05 and F(2, 58) = 2.47,p =
093, n? = .08, respectively. The Age Group X Run interaction
was statistically reliable, F(3.8, 110) = 6.82, p = .001, 03 = .19.
Post hoc comparisons revealed that children’s rate of high-
confidence hits was significantly lower than younger adults in Run
2, 1(38) = 2.88, p = .008, d = 0.90. There were no differences
between younger and older adults. Importantly, no differences
between children and older adults were found in any of the runs,
indicating that subsequent analysis of high-confidence lure and
rearranged FA are not driven by differences in the general ten-
dency to report high confidence.

High-confidence lure FA (Figure 3B). An ANOVA revealed
a main effects of run, F(1.7,99.9) = 24.09, p = .001, "qg = .29 and
age group, F(2, 58) = 4.72, p = .013, 3 = .14. The Age Group X
Run interaction was also reliable, F(3.4, 99.9) = 5.16, p = .001,
M3 = .15. While in Run 1 the three age groups did not differ in the
amount of sure FA, in Run 2 older adults committed more high-
confidence responses than children, #(39) = 2.40, p = .035, d =
0.69, and younger adults, #(39) = 2.72, p = .023, d = 0.86.
Similarly, in Run 3 older adults showed higher sure FA rate than
children, #37.1) = 2.55, p = .018, d = 0.78, and younger adults,
#(30.3) = 3.16, p = .007, d = 0.94. In sum, the three age groups
showed similar amounts of FA to lure pairs in Run 1. However,
only older adults were increasingly more likely to erroneously
endorse these pairs with high subjective confidence in later runs.

High-confidence rearranged FA (Figure 3C). The main ef-
fects of run and age group were statistically reliable, F(1.7,
96.6) = 11.60, p = .001, m? = .17 and F(2, 58) = 10.29, p = .001,
Mp = .26, respectively. Moreover, the Age Group X Run interac-
tion was significant, F(3.3, 96.6) = 2.59, p = .050, ng = .08,
reflecting that there were pronounced differences among the age
groups in illusory memories committed with high subjective con-
fidence across runs of the task. Of note, in Run 1 children and
older adults did not differ from each other and both committed
more sure FA than younger adults, #29.3) = 3.21, p = .015,d =
1.01 for children; #30.78) = 3.81, p = .003, d = 1.18 for older
adults. However, in Run 2 this pattern changed, and older adults
committed more sure FA compared to both younger adults, #31) =
4.43,p = .001,d = 1.36, and children, #(39) = 2.34,p = .032,d =
0.73, who did not differ from each other. In Run 3, again, older
adults made more sure FA than both children, #28.1) = 2.54, p =
.017, d = 0.78, and younger adults, #(26.2) = 3.93, p = .001,d =
1.19. Taken together, the pattern of high-confidence FA to rear-
ranged pairs differed between children and older adults across runs
of the task. While both groups started off with a similar FA rate,
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Figure 3. Mean proportion of high-confidence hits to repeated pairs (A),
high-confidence false alarms to lure pairs (B), and high-confidence false
alarms to rearranged pairs (C) across runs of the modified continuous
recognition task. Error bars represent standard error of the mean.
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already in Run 2 children decreased their high-confidence errors to
the level of younger adults. In contrast, older adults did not show
such a decrease in high-confidence FA and were more likely to
commit high-confidence errors to novel configurations of familiar
words than the remaining age groups throughout all task runs.

Discussion

We examined the contribution of age differences in binding and
monitoring processes to false memory for currently relevant asso-
ciative information across the lifespan. Overall, children and older
adults showed lower recognition performance than younger adults,
but differed in their patterns of hits and false alarms across runs of
the task. Correct detection of repeated pairs decreased in children
only. In contrast, false recognition of lure pairs was higher in older
adults than in children or younger adults. False recognition of
rearranged pairs decreased across runs for all participants. This
decrease was most pronounced in children, in particular regarding
memory errors committed with high subjective confidence. Taken
together, our findings indicate that binding and monitoring pro-
cesses followed different developmental trajectories from child-
hood to old age.

We assumed that as lure pairs are presented in each run, correctly
rejecting these pairs in later runs would require greater memory
monitoring to overcome interference from multiple presentations in
previous runs. We expected that children and older adults would show
greater difficulties in correctly rejecting lure pairs as presented for the
first time in the current run, reflecting maturational and senescent
changes in memory monitoring. As expected, older adults committed
more FA to lure pairs than children and younger adults. In contrast,
children showed lower hit rates than the adult participants (Shing et
al., 2008). These findings provide direct evidence for a lifespan
dissociation of the mechanisms that characterize memory perfor-
mance in childhood and old age. Some of these mechanisms may
involve age differences in the enhancement of relevant and suppres-
sion of irrelevant information, respectively. A series of experiments
by Gazzaley, Cooney, Rissman, and D’Esposito (2005) showed that
old age is related to declines in suppression of irrelevant information,
while enhancement of relevant information is generally preserved (see
also Hasher & Zacks, 1988). Conversely, Wendelken, Baym, Gazza-
ley, and Bunge (2011) found that top-down enhancement of relevant
information continues to increase in the course of middle childhood.
The present findings confirm and extend these earlier results by
directly comparing children and older adults within the same study.
According to this interpretation, children may have difficulties en-
hancing signals from episodic memory, resulting in lower detection of
repeated pairs under conditions of high interference. In contrast, older
adults may have difficulties inhibiting currently irrelevant informa-
tion, hence committing more memory errors. An important route for
future research is to find out whether this lifespan dissociation in
behavioral performance can be mapped onto distinctive control pro-
cesses during memory retrieval that are supported by different PEFC
subregions (Dobbins, Foley, Schacter, & Wagner, 2002) and might
exhibit distinct trajectories of functional recruitment across the lifes-
pan (Sowell et al., 2004).

For rearranged pairs, we hypothesized that children would ben-
efit more than older adults from repeated presentations of the
original lure pairs across runs, due to their relatively functional
associative component. Compared to older adults, children’s
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greater ability to benefit from repeated exposure was expected to
result in a greater reduction in FA for rearranged pairs (Light et al.,
2004). The data were fully consistent with this prediction. From
the first to the second runs of the task, the reduction in rearranged
FA was almost twice as large for children than for older adults (see
Figure 2C). The difference between the FA rates of younger and
older adults depicted in Figure 2C is particularly striking. For older
adults, repeated presentation of the lure pairs had no beneficial
effects for detecting novel configurations (Light et al., 2004). This
result corroborates on previous findings of increased false memory
in old age (cf. Bender, Naveh-Benjamin, & Raz, 2010; Castel &
Craik, 2003). It underscores the importance of identifying the
neural mechanisms underlying age-related deficits in evaluating
novel configurations of familiar information. While older adults
may have deficits in the basic novelty detection mechanisms in the
hippocampus and the surrounding cortex (Kumaran & Maguire,
2009), deficits in control processes confined to prefrontal regions
may also be involved.

The performance difference between children and older adults was
especially marked with regard to high-confidence FA (see Figure 3C).
Here, in Run 1, both children and older adults were more likely than
younger adults to commit high-confidence FA, corroborating earlier
findings of protracted maturation of memory monitoring abilities in
childhood (Ghetti, Castelli, & Lyons, 2010; Koriat & Ackerman,
2010; Schneider, 1998), and of senescent decline in these abilities in
old age (Chua, Schacter, & Sperling, 2009; Dodson et al., 2007). Of
note, while older adults showed little or no change in high-confidence
errors to rearranged pairs across runs, children decreased their high-
confidence errors and did not differ from younger adults in the second
and third runs of the task (see Figure 3C). These results suggest that
when given the possibility to repeatedly encode the pairs across runs,
children were able to make use of a relatively well functioning
binding (Shing et al., 2008; Sluzenski, Newcombe, & Kovacs, 2006)
to build distinctive representations of which two words belong to a
lure pair and use them to correctly reject new rearrangements and
calibrate subjective confidence. Crucially, as predicted by the two-
component framework, no such changes were observed for older
adults. To our knowledge, this is the first study to document that false
memory in childhood can be reduced considerably through support of
basic binding processes. These results should be interpreted with
caution as first initial evidence and remain to be replicated. However,
given recent evidence that structural and functional development of
the hippocampal subregions is not homogeneous and may be related
to age-graded changes in memory ability during middle childhood
(Ghetti, DeMaster, Yonelinas, & Bunge, 2010; Gogtay et al., 20006),
it seems worthwhile to further examine when and how children start
to make use of their binding potential to facilitate strategic processes.

Finally, a possible caveat of the current study must be taken into
consideration. We assumed that the increase in memory errors for lure
pairs across runs reflects nonoptimal memory monitoring processes as
opposed to decrease in errors for rearranged pairs across runs that
presumably reflects the ability to form and retrieve distinctive mem-
ory representations. However, it should be taken into consideration
that the mapping of associative and strategic mechanisms on different
types of word pairs is not fully orthogonal. Rather, performance on
both lure and rearranged pairs depends on both the ability to bind the
different aspects of an episode to a coherent representation, as well as
on control processes operating on these representations (Shing et al.,
2010; Mitchell & Johnson, 2009; Simons & Spiers, 2003). Therefore,
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our assumptions should be understood in relative terms. Given the
high similarity among runs, we assume that attribution of a lure pair
to the specific context (i.e., run) in which it was previously presented
depends on controlled strategic processing, as suggested by the source
monitoring framework (Johnson, Hashtroudi, & Lindsay, 1993;
Mitchell & Johnson, 2009). However, we cannot rule out that older
adults, due to aging-induced deficits in pair-to-run binding, may rely
more on familiarity-based processing leading to greater demands on
monitoring mechanisms, which also decline in old age. With the
current paradigm we cannot fully disentangle these various sources of
deficits for lure pair processing in old age. This question should be
addressed in future research as it is also highly relevant for under-
standing age-related deficits in memory for temporal context, which
has so far received only limited attention in the aging literature (but
see Naveh-Benjamin, 1990; Fabiani & Friedman, 1997; Kausler,
Salthouse, & Saults, 1988; Rajah & Mclntosh, 2008).

Similarly, it has been shown that repeated presentation facili-
tates performance on rearranged pairs (e.g., Light et al., 2004),
suggesting that improvement in performance for rearranged pairs
is relatively more dependent on quality of memory representations.
This does not exclude the possibility that more distinctive memory
representations facilitate performance by decreasing the demand
on recall-to-reject monitoring processes. We cannot tease these
two influences apart in the context of the current paradigm. Future
studies should investigate the cognitive and neural mechanisms by
which strategic and associative components interact to facilitate
performance. In particular, the improvement in confidence cali-
bration that we observed for children in the present study may
reflect these interactions.

To conclude, the ability to withstand interference in episodic
memory shows protracted maturation in childhood and senescent
decline in late adulthood. However, children and older adults
suffer from interference in markedly different ways. Future studies
need to delineate age differences in the relative contributions of
enhancement and inhibition to false memory. Of particular interest
is research on the interplay between medial temporal and prefron-
tal development in middle childhood, as it may help to understand
how evolving binding mechanisms and strategic monitoring pro-
cesses mutually influence each other in the control of memory
contents.
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