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Episodic memory relies on discriminating among similar elements of episodes. Mnemonic discrimination is
relatively poor at age 4, and then improves markedly. We investigated whether motivation to encode items
with fine-grain resolution would change this picture of development, using an engaging computer-adminis-
tered memory task in which a bird ate items that made her healthier (gain frame), sicker (loss frame), or led
to no change (control condition). Using gain-loss framing led to enhanced mnemonic discrimination in 4- and
5-year-olds, but did not affect older children or adults. Despite this differential improvement, age-related dif-
ferences persisted. An additional finding was that loss-framing led to greater mnemonic discrimination than
gain-framing across age groups. Motivation only partially accounts for the improvement in mnemonic dis-
crimination.

Mnemonic Discrimination Development

Memories for everyday events share a great deal of
overlap, as our experiences often take place in simi-
lar places and involve similar objects and people
with similar characteristics. Therefore, episodic
memory requires successful mnemonic discrimina-
tion of people, places and objects, and the ability to
encode and store past events with a high degree of
specificity. For example, if you went mushroom
picking and ate a mushroom that made you vio-
lently ill, it is important to be able to remember
and later discriminate the sickness-inducing mush-
room from the good mushrooms. In instances in
which the outcomes of consuming two different
types of mushrooms are undifferentiated, mnemo-
nic discrimination between these similar experi-
ences may be less behaviorally important.
Mnemonic discrimination may involve a process
called pattern separation, a hippocampal computa-
tion that reduces the degree of overlap between
similar inputs to circumvent catastrophic interfer-
ence (Complementary Learning Systems theory:
Norman & O’Reilly, 2003; O’Reilly & McClelland,

1994). A subfield of the hippocampus called the
dentate gyrus (DG) is thought to perform this func-
tion by assigning distinct representations to highly
overlapping inputs, reducing catastrophic interfer-
ence among similar experiences. One behavioral
expression of pattern separation is the ability to
remember similar, but not identical items, memories
as distinct from one another, that is, lure discrimi-
nation (reviewed in Yassa & Stark, 2011).

Recent findings indicate that mnemonic discrimi-
nation is quite poor during preschool ages, and
improves markedly throughout early and middle
childhood (Canada, Ngo, Newcombe, Geng, & Rig-
gins, 2018; Ngo, Newcombe, & Olson, 2018; Rollins
& Cloude, 2018), coinciding with the developmental
window in which episodic memory shows the most
robust gains (reviewed in Ghetti & Bunge, 2012;
Olson & Newcombe, 2014). One paradigm designed
to test mnemonic discrimination is the Mnemonic
Similarity Task (MST), in which studied objects
must be discriminated from perceptually similar
objects at test (reviewed in Yassa & Stark, 2011). At
encoding, participants first view a series of object
images. Subsequently, another series of objects are
shown, including some that are identical to previ-
ously studied items (old), some that are similar
exemplars of the studied objects (lure), and some
that are dissimilar to the rest of the studied objects
(novel). Participants made “old,” “similar,” and
“new” memory judgments for each test object.
Mnemonic discrimination is index by participants’

We thank Ying Lin, Elizabeth Eberts, Jelani Mumford, Jessica
Palmarini, and Ai Leen Oon, for their help with stimuli develop-
ment and data collection, and Maria Brucato for the voice record-
ing of the memory task. We acknowledge support from the
National Institutes of Health (F31HD090872 to Chi T. Ngo),
although the content is solely the responsibility of the authors
and does not necessarily represent the official views of the
National Institute of Mental Health. The authors declare no com-
peting or conflicting financial interests.

Correspondence concerning this article should be addressed to
Chi T. Ngo, Department of Psychology, Temple University, 1701
N. 13th Street, Philadelphia, PA 19122. Electronic mail may be
sent to chi.ngo@temple.edu.

© 2019 Society for Research in Child Development
All rights reserved. 0009-3920/2019/xxxx-xxxx
DOI: 10.1111/cdev.13297

Child Development, xxxx 2019, Volume 00, Number 0, Pages 1–10

https://orcid.org/0000-0001-6962-7168
https://orcid.org/0000-0001-6962-7168
mailto:


abilities to correctly identify lures as similar, while
correcting for the frequency of misidentifying lures
as old items. Four-year-old children consistently
showed poorer mnemonic discrimination than 6-
year-olds and young adults, whereas only subtle
differences were detected between 6-year-olds and
young adults in a child-friendly version of the MST
(Ngo et al., 2018). Similarly, in a 4-alternative-
forced-choice task that includes targets and similar
lures, 4-year-olds chose similar lures more often
than 6-year-olds and young adults (Ngo, Lin, New-
combe, & Olson, 2019). The development of mne-
monic discrimination may play an important role in
the lifting of childhood amnesia (Canada et al.,
2018; Keresztes et al., 2017; Ngo et al., 2018).

These findings raise the question: why do young
children perform poorly on mnemonic discrimina-
tion tasks? One reason may be neurobiological—be-
fore the age of 6, late-developing subfields of the
hippocampus (i.e., DG), limiting optimal pattern
separation, thereby resulting in poor mnemonic dis-
crimination. Canada et al. (2018) found that (a) per-
formance on the MST improved from ages 4 to 8,
(b) C2-4/DG gray matter volume waxed and then
waned in this age range (i.e., showed a quadratic
relation to age), and (c) crucially, in younger chil-
dren, greater volume was related to better discrimi-
nation, whereas in older children, the opposite was
true. Discrimination performance on the MST also
correlated linearly with age in a sample of children
aged 6–14. Furthermore, discrimination was associ-
ated with hippocampal maturation characterized by
the multivariate patterns of age-related differences
in gray matter volumes of hippocampal subfields
(Keresztes et al., 2017).

When young children perform poorly on a task, it
is always important to ensure that they compre-
hended the task demands. Previous studies imple-
mented pretest practice sessions to facilitate
children’s understanding of the task (Canada et al.,
2018; Ngo et al., 2018; Rollins & Cloude, 2018). Even
the youngest group of children (age 4) showed
effects of the level of similarity between lures and
targets, demonstrating an understanding of the task
procedure (Ngo et al., 2018). However, children’s
abilities to spontaneously form memories with high
resolution may not reflect what they can do when
motivated to encode and retrieve the specific details
of the studied objects. In fact, signals from extra-hip-
pocampal structures that carry information about
behavioral significance—emotional, motivational, or
attentional signals—can influence pattern separation
(reviewed in Kassab & Alexandre, 2018). Several
studies have demonstrated that arousal evoked at

encoding may enhance subsequent mnemonic dis-
crimination in young adults (Balderston et al., 2017;
Segal, Stark, Kattan, Stark, & Yassa, 2012). However,
there have been no studies investigating the role of
motivation on mnemonic discrimination in children.

It has been found that an age-appropriate cover
story may sufficiently motivate children in other
cognitive domains. For examples, one study exam-
ined the impact of the use of reward with an age-
appropriate cover story (combatting an alien inva-
sion) to motivate children aged 7–10 in a working
memory task (Atkinson, Waterman, & Allen, 2019).
Children showed higher accuracy for the valued
items, suggesting that they are able to engage in
executive control in order to prioritize high-reward
items when sufficiently motivated to do so. Interest-
ingly, the prioritizing effects for high-value items
were not observed using a task developed for
adults without an adequate adaptation (earning
stickers for a reward at the end of each session to
make a task age appropriate (Berry, Waterman,
Baddeley, Hitch, & Allen, 2018). Note that explicit
reward was used in both studies to probe prioriti-
zation, thus the main difference is in the implemen-
tation of a compelling cover story that engages
children in the task. Taken together, these findings
support the idea that employing engaging and the
age-appropriate tasks is crucial (Atkinson et al.,
2019; Light, Buckingham, & Robbins, 1979).

This study sought to investigate the malleability
of age-related differences in mnemonic discrimina-
tion during early and middle childhood. We asked
whether motivating children to encode items with
high specificity using a gain-loss framing paradigm
would affect subsequent mnemonic discrimination.
In an adaptive memory system, experiences should
be prioritized based on their significance. If we think
an event may be important for guiding future
behaviors, there is a strong incentive to remember it.

Current Study

Here we asked whether gain-loss framing would
motivate children to encode and/or retrieve past
experiences with high resolution. One prediction is
that poor mnemonic discrimination in preschoolers
is due to low motivation. Thus when sufficiently
motivated, they should perform comparably to
older children. An alternative prediction is that
motivation may boost mnemonic discrimination to
a certain degree; however, it would not abolish
age-related differences between younger and older
children. If true, these findings would suggest that
the persistent age-related differences in mnemonic
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discrimination are likely due to immaturity of the
neural circuits supporting pattern separation.

To increase motivation for encoding fine-grain
details, gain-loss framing was employed such that
items were either portrayed as positive or negative in
an arbitrary fashion. To do this, we created an engag-
ing game-like computerized task in which children
learned that certain food items made the main char-
acter sick or healthy in the experimental condition.
We included a control condition in which the items
were learned in the same cover story, but devoid of
the sick/healthy element. We reasoned that children
would care about the health of the main character,
and this would motivate them to pay attention to the
discriminating details of the food items. Given that
the age range between 4 and 6 years is a window in
which gains in episodic memory are most robust
(Peterson, Warren, & Short, 2011), with relatively less
drastic changes occurring from age 6 onward (re-
viewed in Olson & Newcombe, 2014), we tested
younger children (preschoolers—ages 4–5), older
children (ages 6–8), and young adults.

Methods

Participants

A total of forty-five 4- and 5-year-old children (20
and 25 in the experimental and control conditions,
respectively) and fifty-two 6- to 8-year-old children
(29 and 23 in the experimental and control conditions,
respectively) recruited from the Philadelphia subur-
ban areas participated in the study at the Temple
Ambler Infant and Child Laboratory. All children
were free of neurological damage and had no history
of developmental disorders as reported by a parent.
Two additional children (one 5-year-old and one 7-
year-old) were tested but did not complete the task.
All children received a small toy for their participa-
tion. The adult sample consisted of 44 undergraduate
students (22 in each condition) from Temple Univer-
sity who participated for partial course credit (see
Table 1 for age-related descriptive reports of all age
groups). All participants gave informed consent and
reported to have normal or corrected-to-normal
vision. This experiment was approved by the Institu-
tional Review Board committee at Temple University.

Memory Task

Materials

An animation sequence of a forest scene was cre-
ated in Adobe Photoshop CS6. One GIF image of a

cartoon bird was obtained to serve as the character
of the cover story for the memory task. Ninety-six
images of animate objects (32 triplets for each object
exemplar) were selected from a pool of 183 object
images sampled from a Google image search
engine. The encoding and test instructions were
given by prerecorded voice audio. Testing materials
have been made publically available (https://osf.
io/p7jvf/).

Procedure

Children. All children were randomly assigned
to either the experimental or control condition, and
to one of the three animation versions. Children
were tested individually. The task procedure was
presented on a 13 in. laptop screen, and entailed
two encoding—test blocks, with 16 encoding and
16 test trials within each block, totaling 32 encoding
and 32 test trials across the entire experiment. In
the experimental condition, the female voice record-
ing introduced the cover story at the beginning of
the encoding phase by saying, “Meet my friend
Birdie! She’s taking the trip to the forest. In this for-
est, there will be some foods she would like to eat.
Some foods make her healthy, and some foods
make her sick.” One example trial for both the
healthy and sick conditions was introduced. On the
“healthy” example trial, an image of a food (e.g., a
leaf) appeared on the screen, whereas the health
bar was presented below. The instruction said,
“When she eats a food that makes her healthy, her
health bar goes up, like this,” as a subsequent
increase in the health bar was demonstrated. Dur-
ing the “sick” example trial, an image of another
type of food (e.g., an apple) was presented, again
with the health bar being presented below. On this
trial, the voice recording stated, “When she eats a
food that makes her sick, her health bar goes down,
like this,” while a consequent decrease in the health
bar ensued. The encoding instructions continued
with, “Birdie will eat a lot of food, watch out for
the things that make her sick or healthy, ok? Are
you ready to start?” Throughout the encoding
phase, Birdie was seen flying through the forest,
encountering a green diamond at fixed intervals
(see Figure 1A). The appearance of the green dia-
mond indicated that there was food that she
wanted to eat. The screen zoomed into the dia-
mond, initiating a trial of the encoding phase. In
each trial, the image of the object appeared on the
screen automatically for 2 s. The health bar then
appeared below the object for 1 s, followed by
either a motion for increases or decreases in the
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health bar for 2.5 s for the healthy or sick items,
respectively. The increase or decrease in the health
bar was always accompanied with a tone similar to
that typically found in video games. A voice
recording said, “Oh look, it made her healthier!” or
“Oh no, it made her sick!” for the healthy and sick
items, respectively. After each trial, the animation
proceeded with Birdie continuing on her journey
until she encountered another green diamond,
which would initiate another encoding trial. The
inter-trial interval (8 s) was constant across all 32
trials. The degree of change in the health bar was
equated. The order of sick and healthy items was
pseudo-randomized such that Birdie’s health bar
never depleted or filled completely.

In the control condition, everything was the
same as in the experimental condition with the
exception that the encoding instructions did not
include the healthy/sick descriptions of the foods,
or the implementation of the health bar. The encod-
ing instructions stated, “Meet my friend Birdie.
She’s taking the trip to the forest. In this forest,
there will be some foods she would like to eat.
There will be a lot of things that Birdie will eat dur-
ing her trip. So make sure you pay very close atten-
tion to the things she eats, okay? Are you ready to
start?” Similar to the experimental condition, Birdie
encountered the green diamonds at fixed intervals,
each of which initiated an encoding trial. The pre-
sentation duration of each item was identical to that
in the experimental condition. Each item was pre-
sented on the screen by itself for 5.5 s. We imple-
mented a neutral tone at a matched timing window
to experimental condition, to ensure that the two
conditions differed minimally, except for the gain/
loss framing of the studied items (see Figure 1B).

Immediately after the encoding phase of each
block, children were given a self-paced three-alter-
native-forced-choice test phase consisting of 16 tri-
als. The three options included a target (i.e., a

studied item), and two lures (i.e., perceptually simi-
lar exemplars of the corresponding target). Children
were asked to choose the exact food item that
Birdie ate during her journey by pointing at one of
the three options (see Figure 1C). The experimenter
recorded children’s responses on paper. The order
of test trials was randomized. The position of the
targets (left, middle, or right) was counterbalanced
across test trials. All items were counterbalanced
such that they were assigned as targets or lures an
equal number of times across participants. Each
exemplar within a triplet was assigned as the tar-
get, whereas the other two exemplars were
assigned as lures, resulting in three task versions.
Each of the versions was duplicated for the experi-
mental versus control conditions, totaling six task
versions. The entire experimental procedure lasted
approximately 35–40 min.

Adults. To avoid potential ceiling effects in
adults, the procedures differed between children
and adults such that the level of difficulty increased
for adults. In contrast to children who received two
encoding-test blocks (i.e., 16 encoding trials fol-
lowed by 16 test trials per block), the task proce-
dure in adults consisted of a single encoding-test
phase with 32 encoding and 32 test trials.

Verbal Intelligence

All children were administered the Kaufman’s
Brief Intelligence Test, 2nd ed. (KBIT–2; Kaufman &
Kaufman, 1990) to assess general verbal intelli-
gence. Children were instructed to choose one
image that was the best match for a word or phrase
from a page showing six different images at a time
(e.g., what is something that floats and you can ride
in—a boat), and to respond with a one-word
answer to verbal riddles (e.g., what is something
that wags its tail and barks?—dog). The test, which
had an increasing level of difficulty in each section,

Table 1
Sample Sizes, Age-Related Descriptive Statistics, and Verbal IQ Assessed by the KBIT for Each Age Group

Younger children Older children Young adults

Experimental Control Experimental Control Experimental Control

N 20 25 29 23 22 21
Sex 9F 10F 14F 11F 16F 14F
Age/month M (SD) 59.27 (6.16) 62.27 (8.84) 85.28 (9.40) 91.79 (9.33) 20.95 (2.98) 20.19 (3.08)
Age/month range 50.63–71.33 46.01–71.95 71.46–101.72 73.59–106.94 18–27 18–32
Verbal IQ 99.80 (15.23) 104.24 (12.71) 101.55 (18.67) 115 (12.77) 107.97 (6.13) 110.61 (6.31)

Note. KBIT = Kaufman’s Brief Intelligence Test.
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was terminated when a child provided four consec-
utive incorrect responses. A standard score was cal-
culated for each child based on his/her age.

Adults were administered the 45-item American
National Adult Reading Test (AMNART; Grober &
Sliwinski, 1991—an American version of the

National Adult Reading Test; Nelson, 1982). This
test measures participants’ ability to read irregular
words aloud. Pronunciation errors were tallied and
AMNART-estimated IQ score was calculated using
Grober and Sliwinski’s formula, which accounts for
years of education.

Figure 1. (A) A screenshot of the forest cartoon with Birdie and a green diamond indicating a location of the food. (B) An example of
an encoding trial in the experimental and control conditions. In the experimental condition, the objects were presented for 2 s, fol-
lowed by the appearance of a “health bar” (i.e., the horizontal turquoise bar) for 1 s. Then there was either an increase or a decrease
in the health bar, accompanied by a tone for the healthy and sick trials, respectively. Note that the red arrows are only for visual
illustration. In the control condition, an image was presented on its own for a matched duration. (C) Examples of the self-paced 3
alternative forced choice (AFC) test phase, which was identical between the two conditions.
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Results

The proportion of correct trials out of 32 total test tri-
als was calculated for each participant. We con-
ducted several preliminary analyses. There were no
sex differences in memory performance for any of
the three age groups, p > .22. Additionally, KBIT
scores did not differ between the two conditions in
either group of children, all p’s > .63, and the
AMNART scores did not differ between the two con-
ditions in young adults, p = .66. Memory perfor-
mance did not differ among the three animation
versions, p = .17, suggesting that there were no unin-
tended differences in difficulty across task versions.

The Effects of Age and Conditions on Mnemonic
Discrimination

Next, we examined the effects of age and condi-
tion on mnemonic discrimination performance
using a between-subjects factorial analysis of vari-
ance (ANOVA). We found a significant main effect
of age, F(2, 135) = 38.81, p < .001, MSE = .59,
gp

2 = .37, a nonsignificant main effect of Condition,
F(1, 135) = 2.94, p = .09, MSE = .05, gp

2 = .02, and
a significant Age 9 Condition interaction, F(2,
135) = 3.48, p = .03, MSE = .05, gp

2 = .05. Younger
children performed better in the experimental con-
dition compared to the control condition (M = .62,
SE = .04 vs. M = .73, SE = .03), t(43) = �2.39,
p = .02. In contrast, older children (M = .85,
SE = .02 vs. M = .85, SE = .02), t(50) = .14, p = .89,
and adults (M = .89, SE = .02 vs. M = .88,
SE = .02), t(42) = .10, p = .92, performed similarly
in the two conditions (see Figure 2).

Importantly, although gain-loss framing
enhanced mnemonic discrimination in younger chil-
dren, their performance was still lower than older
children in the control group, t(41) = �3.42,
p = .001, suggesting that age-related differences are
not abolished by gain-loss framing.

The Effects of Gain Versus Loss Framing on Mnemonic
Discrimination

Next we asked whether sick and healthy items
were remembered differently across three age
groups within the experimental condition. A 3 (age
groups) 9 2 (item type: sick, healthy) mixed
ANOVA showed a nonsignificant Age 9 Item-Type
interaction, F(2, 68) = 0.46, p = .64, MSE = .003,
gp

2 = .01. There was a significant main effect of age,
F(2, 68) = 9.51, p < .001 MSE = .28, gp

2 = .22, such
that younger children performed more poorly than

their older counterparts, all p’s < .003, whereas older
children and young adults did not differ, p = .56.
Interestingly, there was also a main effect of Item
type, F(1, 68) = 11.94, p = .001, MSE = .09,
gp

2 = .15, such that mnemonic discrimination was
better for sick items than healthy items (see Figure 3).

Discussion

Preschool-aged children have consistently displayed
deficits in fine-grained mnemonic discrimination,
showing a proclivity for mistaking similar objects
for studied items (Canada et al., 2018; Ngo et al.,
2018; Rollins & Cloude, 2018). However, how non-
mnemonic top-down factors such as motivational
state influence children’s abilities to discriminate
similar memories has not been studied. This study,
to our knowledge, is the first to investigate the
influence of motivation through gain-loss framing
on mnemonic discrimination in children. Two main
findings were revealed.

The Influence of Gain-Loss Framing on Mnemonic
Discrimination

First, we showed that framing items as either
positive or negative boosted the youngest children
in their subsequent fine-grain discrimination for
learned items from similar exemplars. That is,
young children who viewed objects in a gain-loss
frame outperformed those who viewed objects in a
traditional task variant of the MST. Importantly,
this improvement did not bring the younger chil-
dren’s mnemonic discrimination performance on
par with older children or young adults in the con-
trol condition. Thus, although there is a degree of
plasticity in mnemonic discrimination that depends
on the learning condition, the general age trend
persists. These results demonstrate that the previ-
ously reported age effects on mnemonic discrimina-
tion using various tasks were not primarily due to
factors such as the lack of motivation or age appro-
priateness of the task. Instead, the age-related
improvements in mnemonic discrimination are
likely linked to neurobiological changes in intra-
and extrahippocampal regions that are important
for the development of pattern separation during
childhood (Keresztes, Ngo, Lindenberger, Werkle-
Bergner, & Newcombe, 2018).

Our results on the enhancement effects of gain-
loss framing on mnemonic discrimination in chil-
dren converge with previous findings from the
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adult memory literature demonstrating that mne-
monic discrimination can be influenced by arousal.
For example, anxiety evoked by the threat of a
shock at encoding enhanced mnemonic discrimina-
tion, but the threat of a shock at retrieval impaired
mnemonic discrimination in the MST (Balderston
et al., 2017). In another study, arousal evoked by
emotional stimuli (e.g., poisonous snake) prior to
the encoding of neural stimuli enhanced subsequent
mnemonic discrimination, and the degree of arousal
measured by a change in salivary alpha amylase
correlated with memory performance in young
adults (Segal et al., 2012). The author suggested that
this facilitation in pattern separation for items
encoded during threat might be mediated by nora-
drenergic activity during encoding. In agreement
with this view, a model proposed by Kassab and
Alexandre (2018) predicts that neuro-modulatory
signals may act in concert with cortical inputs to
inform the DG about the changing demands on pat-
tern separation under different conditions. Accord-
ing to this model, the hilus of the DG may serve as
a convergent zone whereby bottom-up factors (i.e.,
pattern similarity) interact with top-down factors

(i.e., motivation), which jointly determine the
engagement of pattern separation.

In this study, we did not detect an enhancement
effect of the gain-loss framing in older children or
young adults. One possibility is that older children
and young adults are able to spontaneously encode
and retrieve memories with high specificity, such
that they might not need the motivational aid.
Another possibility is that these effects would have
been observed in a more difficult task, although it
is worth noting that only 3.85% and 11.36% of older
children and young adults performed at ceiling
level in our paradigm, respectively. The third possi-
bility is that older children and young adults may
be more susceptible to other means of motivation,
such as monetary rewards (reviewed in Murty &
Dickerson, 2016), compared to the gain-loss framing
employed in the current work.

Asymmetric Effects of Gain Versus Loss Frame on
Mnemonic Discrimination

Second, we found asymmetric framing effects
across all age groups such that negative framing

Figure 2. Accuracy distribution of the control and experimental conditions across three age groups. Black horizontal bars indicate the
group medians.
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yielded higher mnemonic discrimination accuracy
than positive framing. It is likely that in addition to
serving as a motivational aid, gain-loss framing also
provokes emotional valence by inducing appetitive
and aversive experiences at encoding.

These results align with previous findings that
young adults, and older adults in some cases, show
better memory for the details of negative items
compared to those of neutral (Kensinger, Garoff-
Eaton, & Schacter, 2006, 2007a) and positive items
(Kensinger, Garoff-Eaton, & Schacter, 2007b). Simi-
larly, the threat of receiving a painful thermal probe
increased memory for individual items that were
devoid of any contextual representation, whereas
worsening recollection-based memory, which con-
tains details about the relationships among features
of an episode (Bauch, Rausch, & Bunzeck, 2014).
Together, this study and others suggest that mem-
ory for negatively framed items (i.e., those that
might evoke an aversive valence) yields superior
mnemonic discrimination compared to those that
are positively framed.

Limitations and Future Direction

One limitation of the current work is that we did
not measure physiological responses (e.g., galvanic
skin response) or viewing behaviors, which would
have provided insights into whether the gain-loss

framing enhanced mnemonic discrimination through
increasing attention and/or arousal at encoding.
Furthermore, other approaches for assessing the role
of motivational and emotional states on mnemonic
discrimination in children are worth considering for
future studies. First, in our design, studied items
were arbitrarily assigned a positive or negative
valence, as opposed to being intrinsically perceived
as positive or negative. It would also be interesting
to examine whether emotional stimuli (e.g., fire vs. a
calming meadow, see Leal, Tighe, Jones, & Yassa,
2014) would result in enhanced discrimination in
younger children. Second, the current work did not
implement motivation as a behavior-contingent-out-
comes paradigm (see work by Murty, DuBrow, &
Davachi, 2015; Wittman et al., 2005). Our paradigm
did not include a behavior-contingent-outcomes ele-
ment because our goal was to modify the standard
MST minimally, which involves an incidental encod-
ing task (e.g., indoor/outdoor judgment). It is possi-
ble that employing a more explicit reward
manipulation could result in a more robust enhance-
ment of mnemonic discrimination. Nonetheless,
although the differences between the experimental
and control conditions (which are similar to those in
the standard MST) were relatively subtle, they suffi-
ciently motivated children to alter memory for the
fine-grained details of the studied items.

As mentioned earlier, to test whether increased
attention drives the effects of motivation on mne-
monic discrimination, future research could charac-
terize differences in viewing behavior with and
without gain-loss framing. However, it is worth
noting that in the current work there were more
features to attend to during the encoding phase of
the experimental compared to the control condi-
tions. In the experimental condition, each item was
shown simultaneously with the health bar for 3.5 of
the 5.5 s at encoding. In contrast, in the control con-
dition each item was presented by itself for the
whole 5.5 s without any other features that could
potentially reduce viewing behavior oriented at the
to-be-remembered objects. Therefore, it is unlikely
that the motivational effects on mnemonic discrimi-
nation reported here is primarily due to increased
viewing behaviors. Nonetheless, future research
could include eye tracking with the gain-loss fram-
ing manipulation to characterize the impact of
motivation on viewing behavior at encoding.

Conclusions

In acknowledging the adaptive nature of human
memory systems, it remains critical to delineate the

Figure 3. Accuracy distribution of the sick and healthy items in
the experimental condition across three age groups. Black hori-
zontal bars indicate the group medians.
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influence of motivation on the core properties of
episodic memory. In fact, it has been suggested that
in the first few years of life, children may prioritize
extracting schematic knowledge at the expense of
encoding and recollecting past events with high
specificity. The precedence of learning the general
rules of the environment over remembering the spe-
cifics of past events may be advantageous, allowing
infants and toddlers to build strong semantic
knowledge of world (Keresztes et al., 2018; New-
combe, Lloyd, & Ratliff, 2007). An important ques-
tion arising from this view is whether young
children could prioritize encoding items with high
specificity in circumstances in which the details of
past experiences would be advantageous for subse-
quent remembering. Evidence from this research
suggests that there is a degree of malleability in
mnemonic discrimination in preschoolers, such that
motivation boosts mnemonic discrimination. How-
ever, motivation did not abolish the robust age-re-
lated differences between preschoolers and their
older counterparts.

Data Availability Statement

Data from this experiment have been made publi-
cally available through the Open Science Frame-
work at https://osf.io/8k43j/.
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