MEMORY
2026, VOL. 34, NO. 7, 845-857
https://doi.org/10.1080/09658211.2026.2681870

£Y Routledge
1Q Routledg

Taylor & Francis Group

W) Check for updates

The “what” and “where” of the threat superiority effect in children’s memory

Elodie Lhoste @@, Patrick Bonin @, Patrick Bard

, Bénédicte Poulin-Charronnat

and Annie Vinter

Université Bourgogne Europe, CNRS, LEAD UMR5022, 21000 Dijon, France

ABSTRACT

Although a substantial body of research has demonstrated a processing advantage for
threatening entities compared to nonthreatening ones in adults, very few studies have
investigated the effect of threat on memory processes in children. The present study aimed
to address this gap by testing memory for dangerous entities and their locations in 88
children aged 5-10 years. To do so, the children played Memory games on a digital tablet.
Location memory was assessed by recording the number of errors made when matching
card pairs. ltem memory was assessed using a free recall task administered after the Memory
game session. The results revealed a significant threat superiority effect for both item and
location memory. Specifically, dangerous animals were remembered better than
nondangerous ones as early as age 5. Location memory advantages for threatening items
emerged by the age of 8. Further analysis showed significant relationships between memory
performance and the emotional dimensions of the stimuli (arousal and emotional intensity).
Finally, modern threats were recalled better than evolutionary threats, although no
differences were observed in location memory. Overall, these findings provide further
evidence to support the idea that threatening information has an adaptive value in memory

ARTICLE HISTORY
Received 12 February 2026
Accepted 21 May 2026

KEYWORDS

Threat superiority effect;
location memory;
evolutionary psychology;
children; danger

processes during childhood.

Imagine walking through tall grass when you suddenly
spot the curved shape of a snake. In an instant, your
heart rate increases, your attention focuses on the threat,
and your body prepares to react. You may remember
this event and the precise location where you found the
snake particularly well. Would that be the case if you had
crossed paths with a butterfly? Probably not. This privi-
leged status of dangerous entities over nonthreatening
ones in human information processing is known as the
threat superiority effect (Brosch & Sharma, 2005; LoBue &
Deloache, 2010, 2008; Ohman, Flykt, et al., 2001).

Not all stimuli are equal when it comes to survival.
According to evolutionary psychology, our cognition has
been shaped by the selective evolutionary pressures that
our hunter-gatherer ancestors encountered (e.g., Bonin &
Méot, 2019; Nairne & Pandeirada, 2010). These pressures
are thought to have favoured cognitive mechanisms that
prioritise the processing of fitness-relevant information
(i.e., information crucial for survival and reproduction;
e.g., Nairne, 2022). A central challenge for our ancestors
in the deep past was protecting themselves from danger
(Ohman & Mineka, 2001). Some researchers argue that
natural selection has favoured attentional and memory
biases that permit threatening stimuli to be detected, pro-
cessed and retained more efficiently than neutral ones,

thus conferring a critical adaptive advantage (e.g., LoBue,
2012). Research in evolutionary psychology distinguishes
between multiple classes of dangers (e.g. Peléskova
et al, 2024), including those involving predators (e.g.,
lions), natural threats (e.g. volcanoes), modern dangers
(e.g., guns), and pathogens (e.g. viruses, bacteria). The
present study focuses on the threat superiority effect in
relation to the first three aforementioned classes of
danger.

Effects of threat in conditioning and attentional
paradigms

A growing body of research supports the hypothesis that
threats have exerted strong selective pressure on our cog-
nitive systems. The first studies in this field used the classi-
cal conditioning paradigm (see Ohman & Mineka, 2001, for
a review). For instance, Ohman and Soares (1998) pre-
sented participants with masked pictures of threatening
(i.e., snakes and spiders) and nonthreatening (i.e., flowers
and mushrooms) entities as conditioned stimuli, paired
with mild electric shocks serving as the unconditioned
stimulus. Results showed that masked threatening
stimuli elicited robust conditioned skin conductance
responses, whereas nonthreatening stimuli did not.
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Building on these initial findings, a substantial body of
work has shown that threat biases attentional and percep-
tual processes. In visual search tasks, dangerous animals
that posed recurrent threats in the ancestral past (e.g.,
snakes and spiders) are detected faster than neutral ones
(e.g., caterpillars, see Blanchette, 2006; Fox et al., 2007;
Ohman, Flykt, et al.,, 2001). This effect has been replicated
using variants of the visual search paradigm (Zsido et al.,
2019), as well as with eye-tracking methodologies (Yor-
zinski et al., 2014). Moreover, threatening animals have
been shown to hold attention longer (Burra et al., 2019;
Holmes et al., 2014), and are more likely to escape inatten-
tional blindness than neutral items (Gao & lJia, 2017).
Similar threat superiority effects have been reported
when using fearful expressions (Yang et al., 2007) or
angry faces as stimuli (Hansen & Hansen, 1988; Ohman,
Lundqvist, et al., 2001; however, see Becker et al., 2011).

To further support the hypothesis that humans are
equipped with an evolved predisposition to rapidly
detect threatening entities, several researchers have exam-
ined whether such biases can be found in very young chil-
dren, who have limited opportunity to acquire threat-
relevant experience. In line with adult studies, infants
orient preferentially toward photographs of snakes or
threatening faces rather than flowers as early as 8
months (LoBue & Deloache, 2010), look longer at sche-
matic spiders or snakes than at reconfigured controls at
5 months (spiders: Rakison & Derringer, 2008; snakes:
Rakison, 2018), and by 5 years detect a snake among
flowers more rapidly than the reverse (LoBue & DelLoache,
2008).

Extending these findings to older children and adoles-
cents, Wolters et al. (2012) showed with a dot-probe para-
digm that participants aged 8-18 years responded faster
to threatening than to nonthreatening stimuli, while
Waters and Lipp (2008) demonstrated with a visual detec-
tion task that children aged 9-13 years detected snakes
and spiders more quickly than a variety of nondangerous
animals. In addition, physiological data support the
hypothesis of a differentiated processing of threatening
versus nonthreatening stimuli: by 6 months of age,
infants exhibit a slower heart rate (Thrasher & LoBue,
2016) and greater pupillary dilation (Hoehl et al., 2017)
when viewing photographs of snakes and spiders com-
pared to other animals. While the precise mechanisms
underlying this effect remain debated (see Pakai-Stecina
et al, 2024), several authors (e.g., LoBue, 2014) have
argued that the threat superiority effect in attentional
tasks is likely to be supported by a combination of
bottom-up perceptual biases and top-down influences.
At the perceptual level, these biases have been linked to
low-level visual features such as an orientation bias
toward curvilinear shapes resembling snakes (e.g., LoBue,
2014) or an attentional advantage for downward-pointing
V shapes (Larson et al., 2007). Emotional dimensions such
as negative valence and heightened arousal have also
been proposed to contribute to the prioritisation of

threatening stimuli (e.g., LeDoux, 2012). Thus, general cog-
nitive (here, perceptual and emotional) mechanisms may
contribute to the threat superiority effect (see Howe &
Derbish, 2014; Howe & Otgaar, 2013, for a similar stand-
point regarding the memory advantage of fitness-relevant
information).

Importantly, attentional biases are not limited to ances-
tral threats (i.e, entities that posed recurrent threats
during the deep past). Modern threats such as guns or
knives have also been found to capture attention (e.g.,
Blanchette, 2006; Fox et al, 2007; Subra et al., 2017),
which supports the view that while our cognitive architec-
ture is evolutionarily prepared for ancestral threats, experi-
ence enables the emergence of comparable biases toward
modern threats (LoBue, 2012). However, there are different
views regarding whether one category holds an advantage
over the other. Whereas a “strong” version of the evol-
utionary account proposes a processing advantage for
evolutionary threats, a “soft” version emphasises the role
of contextual relevance and predicts an advantage for
modern threats (Subra et al., 2017). Several studies using
attentional paradigms have attempted to disentangle
these accounts by examining whether evolutionary
threats benefit from preferential processing over modern
threats. Results obtained in adults vyielded mixed
findings, as some demonstrated a superiority of either
evolutionary (Zhang & Guo, 2019) or modern threats
(Subra et al., 2017), or even no difference between both
categories (Fox et al., 2007). Few studies have investigated
these effects in children and infants, and the available
findings are also mixed, likely due to variations in age
groups and methodological approaches. For instance,
Erlich et al. (2013) reported that 9-month-old infants dis-
played greater heart-rate deceleration and larger startle
eye-blinks when listening to evolutionarily threatening
sounds compared to modern fear-relevant and pleasant
sounds. In contrast, Zsido et al. (2018) found no difference
in detection times between photographs of evolutionary
threats (e.g., spiders) and modern threats (e.g., a syringe)
that were equally familiar to 5-year-old children.

Effect of threat in memory tasks

The effects of threat are not limited to attentional pro-
cesses. Indeed, while there is less research in this
domain, memory processes also seem to be tuned to prior-
itise such stimuli. For instance, adults remember threaten-
ing items better than nonthreatening ones in recognition
or free recall tasks, using either words (Leding, 2019,
2020) or pictures as stimuli (Chapman et al., 2013; Lhoste
et al., 2025; Makovski et al., 2020). As far as children are
concerned, existing studies have shown that preschoolers
are better at recognising the faces of individuals described
as having committed harmful rather than helpful actions
(Kinzler & Shutts, 2008). Similarly, Prokop and Fanc¢ovic¢ova
(2017) found that children aged 10-13 years remembered
information about animals better when it was presented



alongside illustrations depicting the animals in aggressive
rather than in neutral postures. Barrett and Broesch (2012)
showed that children from very different cultures aged 4-6
exhibit similar prepared social learning regarding danger-
ous animals.

These results align with the adaptive memory view
(Nairne et al., 2017; Nairne & Pandeirada, 2016), according
to which memory functioning still bears the imprint of
ancestral selective pressures, particularly with regard to
information that was relevant for survival, such as threa-
tening entities. However, research in this area in children
is still scarce. Only a few studies have directly examined
the impact of threat on item memory in children, high-
lighting the need for further investigation. Furthermore,
from an adaptive perspective, recalling that one has seen
a lion provides little survival value if one cannot remember
where it was seen. Survival in ancestral environments
required detecting and identifying threatening entities,
as well as encoding and retrieving the spatial context in
which they were encountered (Broder et al., 2011). Thus,
it is particularly interesting and important to determine
whether threats enhance not only item memory, but also
the binding of items to their locations. Two studies have
already investigated this issue in adults, yielding either a
threat superiority effect (see Lhoste et al, 2025, who
used a Memory game task as a paradigm) or inconsistent
results, with evidence of a threat superiority effect in one
experiment and no such effect in another (Gallup, 2022).
No similar study has been conducted in children.

The present study

This study aimed to address these research gaps by further
investigating the effects of threatening stimuli on memory
for items in children aged 5-10 years, extending this inves-
tigation to location memory for the first time. To this end,
the children performed three Memory games on a digital
tablet. The Memory game task is a suitable paradigm for
investigating our research questions because it has been
used to explore the effects of fitness-relevant entities on
location memory (Lhoste et al., 2025; van Buren & Scholl,
2017; Wilson et al., 2011). For example, Wilson et al.
(2011) asked participants to complete two Memory
games, each with a 5x4 grid, to compare spatial
memory for evolutionarily relevant and modern threats.
In our experiment, we designed two games to compare
dangerous entities and nondangerous entities. In one
game, participants were shown dangerous animals (e.g.,
snakes) and harmless animals (e.g., penguins). The other
game featured natural threats (e.g., an erupting volcano)
and nonthreatening natural elements (e.g., a river). Based
on the results of Lhoste et al. (2025) with adults and
studies demonstrating attentional and memory biases for
threat in children, we expected to find a threat superiority
effect in children’s item and location memory. Addition-
ally, a third game aimed to compare modern threatening
entities (e.g., a gun) and evolutionary threatening entities
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(e.g., a tornado). As mentioned above, it remains unclear
whether modern and evolutionary threats are processed
equivalently or not. The present study aimed to further
investigate this issue. Finally, if significant results were
obtained, correlational analyses would be conducted
between the emotional dimensions of the stimuli (i.e.,
arousal, valence, and emotional intensity) and the depen-
dent variables to examine their relationship.

Method
Participants

We conducted an a priori power analysis using G*Power 3
(Faul et al., 2007) to estimate the sample size. Since our
leading hypothesis was that children would remember
dangerous items better than nondangerous ones, regard-
less of age (e.g., a positive within-factor effect), we based
our power analysis on data from Lhoste et al. (2025).
They reported a medium effect size of threat on location
memory in adults using the same paradigm as ours.'
Using the effect size convention “as in G*Power 3.0” and
the default assumed correlation among repeated
measures, the analysis indicated that a total of 36 partici-
pants (12 per age group) would be sufficient to detect a
medium main effect of threat (f=0.25) in a mixed-design
ANOVA with a=.05 and power=.80 (or 57 participants
with power = .95). For ethical reasons, we included all chil-
dren who volunteered to participate in the experiment
through their classroom, resulting in a final sample size
that exceeded the minimum requirement.

Eighty-eight children, aged 5-10 years old (Mgg.=8
years 2 months, SD=2 years and 1 month; 51 boys and
37 girls), were recruited from preschools and elementary
schools in middle-class, urban neighbourhoods. Three
age groups were selected: 5-year-olds (preschoolers; N =
28), 8-year-olds (younger elementary schoolers; N=29),
and 10-year-olds (older elementary schoolers; N=31). All
of the children were native French speakers, and according
to their teachers, none exhibited any atypical develop-
ment. Written informed consent was obtained from the
parents, and only willing children were included in the
study. The study was approved by a local ethics committee
(N° UBFC-2023-12-12-059).

Materials

In total, 36 drawings were used across the three Memory
games, with 12 pictures in each game. Two of the
Memory games opposed pictures of dangerous entities
to nondangerous entities (e.g., 6 threatening animals to
6 nonthreatening animals and 6 natural threats to 6 non-
dangerous natural elements) and one Memory game com-
pared modern and evolutionary threats (i.e., 6 evolutionary
threats to 6 modern threats). Each of the three Memory
games presented participants with pairs of the 12 pictures
arranged in a 6 x4 configuration. The stimuli were the
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same as those used in Experiment 2 of Lhoste et al. (2025).
The list of picture names used in the study is provided in
the Supplementary Methods (section “Emotional Variables
Ratings”).

For each pair of categories compared in the analyses
(i.e., dangerous vs. nondangerous stimuli; modern vs. evol-
utionary threats), stimuli were matched as closely as poss-
ible on six variables related to the drawings and their
labels (see Table 1). A few significant differences
emerged between threatening and nonthreatening
items, as well as between modern and evolutionary
threats. However, none of these variables correlated with
our two dependent measures (i.e., free recall and location
memory scores). One exception was the lexical frequencies
of the items in textbooks, which were positively correlated
with free recall scores of the 5-year-old children, r(10)
=.438, p=.032. Dangerousness ratings were collected
from the child participants (see the Procedure section) to
ensure that the threatening entities were perceived as
more dangerous than the nonthreatening ones and that
the evolutionary and modern threats were perceived as
equally dangerous. As expected, Table 1 showed that
threatening entities were indeed rated as more dangerous
than nonthreatening ones (p <.001), and no difference
emerged between natural and modern threats (p =.589).

Procedure

Each child completed the games individually in the pres-
ence of one experimenter, in a quiet room at their
school. After performing the game, the children were
warmly thanked for their participation.

Game phase

First, the participants were told that they would be asked
to play three Memory games on a digital tablet (Lenovo
M10 tablets). The order of the games was randomised
for each participant. Then, the experimenter explained
the aim of the game, which was to match pairs of identical
pictures (see Supplementary Methods for a complete
description of how the game worked). Location memory
was assessed by calculating the mean number of location
errors per participant and per item. Errors were recorded
only when the participant had previously revealed the
target card and thus had already seen its position (see Sup-
plementary Methods for a description of error cases).

Surprise free recall task

After completing the three Memory games, the children
were asked to recall as many pictures as possible to
assess their memory of the items. Their responses were
recorded in an Excel spreadsheet. When a child’s label
was unclear to the experimenter, meaning it was difficult
to determine which picture the participant was referring
to, the child was asked to describe the picture. Although
a time limit of four minutes was set for the recall test, no
child reached this limit in practice. When children

indicated that they could not remember any additional
words, they were encouraged to try to produce more
responses. If they were unable to do so, the recall task
was stopped. Some flexibility was allowed when scoring
responses in the free recall task. Children were not
required to produce the exact target label. The important
thing was that the label they provided made it possible to
identify the intended item unambiguously when needed.

Naming and dangerosity rating tasks
After completing the surprise free recall task, the children
performed a naming task and then a dangerosity rating
task. During this phase, children were shown the entire
set of pictures from the games in a randomised order.
For each picture, they were first asked: “Do you know
what this is? Can you name it?” Then, they were asked:
“Is it dangerous, somewhat dangerous, or not dangerous?”
The naming task was administered to measure chil-
dren’s ability to retrieve a lexical label for the pictures.
The children’s answers were coded on a three-point
scale. A score of 0 was given whenever the child provided
no label (e.g., “ don't know”). A score of 1 was attributed
whenever the child provided a descriptive answer
instead of a specific label (e.g., “it is for cutting trees”
when shown a saw; “it’s in the desert and it's prickly”
when shown a cactus, “it lives on ice” when shown a
penguin). A score of 2 was given when the child produced
an acceptable lexical label (i.e., the expected lexical label, a
synonym, or a plausible label; for instance, “lake” instead of
“river”; “wind"” instead of “tornado”). Regarding the danger-
osity rating task, ratings were coded on a 3-point scale: 0
="not dangerous”, 0.5="somewhat dangerous”, and 1
="dangerous”.

Results

We analyzed the impact of threat on free recall perform-
ance first, followed by memory location performance.
The same analysis schema was applied to each variable.
To compare dangerous and nondangerous entities (two
games), we grouped the scores obtained for dangerous
animals and natural threats together and did the same
for the scores obtained for nondangerous animals and
nondangerous natural elements. Further analyses were
conducted to specifically compare dangerous and non-
dangerous animals, natural threats and nondangerous
natural elements. A separate analysis was performed to
compare free recall scores between evolutionary and
modern threats (third game). Finally, we investigated the
role of naming performance in the impact of threat on
the free recall scores, as well as the influence of emotional
variables related to the pictures (arousal, valence, and
emotional intensity) on free recall and memory location
scores.

The main analyses were conducted using repeated-
measures ANOVAs with Category (dangerous vs. nondan-
gerous, or modern vs. evolutionary) as a within-subjects
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Table 1. Means and standard deviations of the words used in each comparison.

Dangerous entities Nondangerous entities p-value Evolutionary threats Modern threats p-value
Dangerousness 0.83 (0.11) 0.16 (0.12) <.001 0.80 (0.12) 0.80 (0.23) .589
Name Agreement® 6.34 (0.49) 6.48 (0.40) .256 5.55 (0.70) 6.52 (0.31) .01
Number of letters 6.67 (1.50) 6 (1.13) 231 7.83 (1.47) 5.83 (2.40) 252
Number of syllables 2.08 (0.67) 1.67 (0.49) .100 2.50 (0.84) 1.83 (0.75) 172
Book frequencyb 4.60 (6.36) 31.5 (35) .039 11.02 (7.87) 10.45 (6.59) .894
Visual complexity® 306 (78) 241 (73) .047 343 (95) 179 (19) .002

Note: Standard deviations are presented in parentheses.

?Data taken from Lhoste et al. (2025). It is important to stress that comparable child-based norms were not available.
bValues taken from Lexique (www.lexique.org; New et al., 2004). It should be noted that these frequencies primarily reflect adult lexical familiarity. Child-
based frequency measures could not be used, as a large proportion of the items were not available in Manulex (Lété et al., 2004), a database based on

school textbooks.

“Assessed by the number of bytes in JPEG format, expressed in 10° bytes (see Bonin et al., 2020).

factor and Age group (5-year-old, 8-year-old, and 10-year-
old children) as a between-subjects factor. All analyses
were conducted using JASP (0.19.1). The data are available
on the Open Science Framework and can be accessed at
https://osf.io/9eqha/overview?view_only=2c2001e236394
41ab12de5820b4c21d1.

Free recall scores analyses

Are threatening entities better recalled than
nonthreatening ones?

First, we checked that children had seen an equal number
of pictures from the threatening and nonthreatening cat-
egories during the game phase. Repeated-measures
ANOVAs revealed that children were more frequently
exposed to pictures depicting nonthreatening entities
(M=59.59, SD=10.35) than threatening entities (M=
57.23,5D=9.79), F(1,85) =6.12, p =.015, 77;2, =.067, regard-
less of age, F(2, 85)=0.49, p=.62, 77,2, =.011. Despite this
frequency advantage for nondangerous entities, children
recalled more pictures of threatening entities (M =0.24,
SD =0.18) than nonthreatening entities (M=0.19, SD =
0.13), F(1, 85)=10.11, p=.002, nf,=.106 (see Figure 1).
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This effect was not modulated by age, F(2, 85)=0.70, p
=.500, 77;2; =.016. As suggested by Figure 1, however, uni-
lateral t-tests (or Wilcoxon test in case of non-normality)
conducted within each age group revealed no significant
difference between dangerous and nondangerous entities
among 5-year-old children, t(27) =1.04, p=.154, d,=.197,
contrary to 8-year-old, W=113, p=.010, r=.662, and 10-
year-old children, t(30) = 1.04, p =.030, d,=.352.

Note that this global contrast between dangerous and
nondangerous items combines qualitatively different cat-
egories (living beings and environmental phenomena).
While this provides an overall picture, it may obscure cat-
egory-specific patterns of memory performance. More
detailed analyses were therefore necessary to specifically
compare dangerous and nondangerous animals as well
as natural threats and nondangerous natural elements.
The results are reported below.

Are dangerous animals better remembered than non-
dangerous ones?. We first verified that the subcategories
were equivalent with respect to the variables controlled
for the global comparison. The dangerous and nondanger-
ous animal categories did not differ in name agreement,

J_ Category
D Nonthreatening

. Threatening

5-year-old children
Age group

8-year-old children

10-year-old children

Figure 1. Proportion of correctly recalled items as a function of category and age for the comparison between threatening and nonthreatening entities.

Note: Error bars represent standard errors of the mean. *p < .05.
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number of letters or syllables, visual complexity, or book
frequencies, p; >.223 (see Table S1 of the Supplementary
Methods for more details). As expected, participants
rated dangerous animals as more dangerous than nondan-
gerous ones, F(1, 85)=653.59, p <.001, 71;2, =.885, regard-
less of age, F(2, 85) =0.24, p =.788, n} = .006.

An analysis of frequencies of exposure revealed a sig-
nificant main effect of Threat, F(1, 85) =5.72, p=.024, 77,2,
=.058, regardless of age, F(2, 85)=0.93, p = .40, nf, =.021.
Children were more frequently exposed to pictures of non-
dangerous animals (M =29.25, SD =5.91) than dangerous
animals (M=27.82, SD=5.55). However, a repeated-
measures ANOVA indicated that the proportion of cor-
rectly recalled items was higher for dangerous animals
(M=0.34, SD=0.30) compared to nondangerous animals
(M=0.22, SD=0.19), F(1, 85)=14.18, p <.001, nf, =.146.
The Threat x Age interaction was not significant, F(2, 85)
=0.251, p=.779, nf, =.006, suggesting that the effect of
Threat did not vary across school levels. There was a signifi-
cant main effect of age, F(2, 85)=3.97, p=.022, 77;2, =.085,
indicating that the number of images recalled increased
with age.

Are natural threats better remembered than nondan-
gerous natural elements?. Natural threats and nondan-
gerous natural elements did not differ in name
agreement, number of letters or syllables, and visual com-
plexity, p; >.054. However, the names of nondangerous
natural elements appeared more frequently in books
than the names of natural threats, p =.006 (see Table S1
of the Supplementary Methods for more details). This vari-
able was positively correlated with 5-year-old children’s
free recall scores, p=.010, who remembered better the
more frequent items across both dangerous and nondan-
gerous items. As expected, natural threats were rated as
more dangerous than nondangerous natural elements,
F(1, 85)=2101.99, p <.001, nf,=.961, regardless of age,
F(2, 85)=0.95, p=.392, n} = .022.

During the games, children were exposed to an equal
number of pictures from each category, F(1, 85)=1.41,p
=.238, n2p=0.02, regardless of age, F(2, 85)=1.75, p
=.180, n2p=0.04. When analyzing free recall scores, no
difference was found between natural threats (M =0.15,
SD=0.17) and nondangerous natural elements (M=
0.15, SD=0.19), F(1, 85)=0.55, p=.815, n2p<0.001,
regardless of age, F(2, 85)=0.64, p=.531, m;=.015.
Natural threats were recalled as often as nondangerous
natural elements, which was also supported by a Baye-
sian analysis. Model comparison indicated that the null
model was the best-fitting model. All alternative
models, including those that considered stimulus cat-
egory, age, or their interaction, received substantially
less support than the best model (BF;q <0.27). This pro-
vides moderate to strong evidence that there were no
differences between natural threats and nondangerous
natural elements.

Are there differences in free recall scores between
modern and evolutionary threats?

There was no reliable difference in the frequency of occur-
rence of the two entity types during the course of the
Memory game, F(1, 85)=0.33, p=.567, 7),29 =.004, regard-
less of age, F(2, 85)=0.79, p = .456, 77,2] =.018. A repeated-
measures ANOVA revealed that children recalled more pic-
tures of modern threats (M=0.17, SD=0.19) than evol-
utionary threats (M=0.12, SD=0.17), F(1, 85)=7.59, p
=.007, nﬁ=.08. This effect was not modulated by age,
F(2, 85) =0.90, p = .409, 77,2, =.021.

Additional analyses

Did naming performance affect the free recall results?.
Since lexical access may affect recall performance (Postma
& van der Ham, 2017), we examined whether children’s
naming performance differs across item categories.
Regarding the comparison between dangerous and non-
dangerous animals, a repeated-measures ANOVA revealed
no significant main effect of Threat on naming perform-
ance, F(1, 85)=1.80, p=.184, n?=0.021, regardless of
age, F(2, 85)=2.54, p=.085, n’,=0.06.

Regarding the comparison between natural threats and
nondangerous natural elements, natural threats (M =1.80,
SD =0.21) were significantly less well named than nondan-
gerous natural elements (M=1.98, SD=0.07), F(1, 85)=
93.58, p <.001, n?=0.523. This effect was modulated by
age, F(2, 85)=14.63, p<.001, n?,=0.27, indicating that
category-related differences in naming performance
decreased with age. However, when naming performance
was included as a covariate in the free recall analysis (com-
puted as the difference between naming scores for natural
threats and nondangerous natural elements), the main
effect of Threat remained not significant in recalling
natural threats or nondangerous natural elements, F(1,
84)=0.01,p =.924, nzp <.001, suggesting that naming per-
formance did not explain the pattern of results observed in
the free recall task.

Finally, a repeated-measures ANOVA revealed no sig-
nificant difference in naming performance between
modern threats (M=1.83, SD=0.21) and evolutionary
threats (M=1.87, SD=0.15), F(1, 85)=291, p=.09, 7
=.033, and there was no interaction with age, F(2, 85) =
1.56, p=.213, m} =.04.

Is there a relationship between the emotional dimen-
sions of the pictures and free recall scores?. We exam-
ined the relationship between the free recall scores and
the emotional dimensions of the stimuli: arousal (how
exciting, stimulating or energising is the picture), valence
(to what extent each picture evokes positive or negative
feelings), and emotional intensity (how intense is the
emotional reaction to each picture). We ran unilateral
Spearman’s rank correlation analyses at the item level
between children’s free recall scores and the emotional
ratings of the pictures drawn from the adult study by



Lhoste et al. (2025) (see the “Emotional variables ratings”
section of the Supplementary Methods).

Regarding the comparison between dangerous and
nondangerous animals, the analyses indicated significant
positive correlations between arousal and free recall
scores across all age groups, ps<.034, as well as
between emotional intensity scores and free recall
scores, ps <.043. Thus, pictures that were more arousing
and emotionally intense were more likely to be remem-
bered. In all age groups, emotional intensity and arousal
scores were highly correlated with dangerousness
ratings, ps<.001 (Spearman’s p > 0.82). Additionally, we
found nearly significant, p=.06, and significant, p =.025,
negative correlations between free recall scores and
valence ratings in 8- and 10-year-old children respectively,
but not in 5-year-old children, p =.237.

No differences were found in valence, arousal, or
emotional intensity ratings between modern and evol-
utionary threats, p;>.08. Moreover, none of these
emotional variables were correlated with free recall
scores associated with modern or evolutionary threats,
regardless of age, ps > .345.

As previously stated, from an adaptive point of view,
memorising the locations of dangerous entities is just as
important as memorising the entities themselves. We
therefore assessed whether children would show better
memory for the location of dangerous items, as observed
in adults using the same paradigm (Lhoste et al., 2025).

Location memory scores analyses

Are the locations of threatening entities better
remembered than those of nonthreatening entities?
An analysis of the number of location errors revealed a sig-
nificant main effect of Threat, F(1, 85)=6.40, p=.013, 1>
=.070. Children made more errors when matching pairs of
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nonthreatening entities (M =6.94, SD=3.96) than when
matching pairs of threatening entities (M=5.97, SD=
3.65). This is why they were more often exposed to nondan-
gerous than dangerous items. This effect was not modu-
lated by age, F(2, 85) =0.86, p=.427, 1 =.020. However,
unilateral t-tests conducted within each age group revealed
no significant difference between dangerous and nondan-
gerous entities among 5- and 8-year-old children, p;
>.195. The effect was significant among 10-year-old chil-
dren, p=.002 (see Figure 2). Additionally, a significant
effect of age revealed that the number of errors decreased
with age, F(2, 85) =5.30, p=.0007, g2 =.111.

In addition to the global comparison between danger-
ous and nondangerous entities, separate analyses were
conducted to examine the memory location of dangerous
vs. nondangerous animals and natural threats vs. nondan-
gerous natural elements.

Are the locations of dangerous animals better remem-
bered than those of nondangerous ones?. The locations
of dangerous animals (M =5.16, SD=4.12) were remem-
bered better than those of nondangerous animals (M=
6.31, SD=3.79), F(1, 85)=5.61, p=.020, 77;2, =.062. The
Threat effect was not modulated by age, F(2, 85) =0.50, p
=611, nf, =.012. However, unilateral t-tests revealed no sig-
nificant difference between dangerous and nondangerous
animals for location memory among 5-year-old children,
t(27)=0.42, p=.34, d,=.08. This is in contrast to what
occurred among 8-year-old, t(28) =2.05, p=.025, d,=.38,
and 10-year-old children, t(30) =2.41, p=.01, d, = 43.

Are the locations of natural threats better remembered
than the locations of nondangerous natural elements?.
No difference was found in location errors between natural
threats and nondangerous natural elements, F(1, 85)=
1.60, p=.209, n’,=0.018, regardless of age, F(2, 85)=

* %k

Category

|:| Nonthreatening
. Threatening

—]

5—year~olld children
Age group

8—year—o|cli children

10-year-old children

Figure 2. Mean number of location errors as a function of category and age for the comparison between threatening and nonthreatening entities.

Note: Error bars represent standard errors of the mean. **p < .01.



852 (&) ELHOSTEETAL.

1.44, p=.242, 7);2, =.033. Additionally, there was a signifi-
cant main effect of age, F(2, 85)=3.61, p=.031, 77;2, =.078,
with fewer errors committed with increasing age.

Are there differences in location memory scores
between modern and evolutionary threats?

An analysis of the number of location errors revealed no
significant effect of Category, p=.971, regardless of age,
p=.631. Thus, participants remembered the locations of
modern and evolutionary threats equally well. Addition-
ally, the number of location errors decreased with age,
F(2, 85) =6.96, p=.005, 7} =.118.

Additional analysis: is there a relationship between
the emotional dimensions of the pictures and

location memory scores?

Regarding the comparison between dangerous and non-
dangerous animals, no correlation was found between
valence and location memory scores in 5-year-old children,
rs(10) =.152, p=.319, contrary to 8- and 10-year-old chil-
dren, ry(10)=.529, p=.039. Spearman’s rank correlation
analyses also revealed a negative correlation between
location memory errors and arousal scores in 8- and 10-
year-old children, r((10)=-.636, p=.015. Likewise,
emotional intensity was negatively related to location
memory errors in 8- and 10-year-old children, r,(10) =
—.581, p=.024. Thus, the more arousing and emotionally
intense the pictures were, the fewer location errors the
children aged 8-10 committed. By contrast, no corre-
lations were found in 5-year-old children between location
memory scores and either arousal, p =.389, or emotional
intensity, p =.280.

Discussion

The threat superiority effect in attentional tasks has been
widely investigated in both children and adults (e.g.,
Blanchette, 2006; Fox et al., 2007; Zsido et al., 2019).
However, far fewer studies have addressed the impact of
threat on memory in children (e.g., Kinzler & Shutts,
2008). The aim of the present study was therefore to
extend this line of research by investigating whether
threat affects item and location memory in children. We
used the same paradigm as in Lhoste et al.'s (2025) Exper-
iment 2. Children played Memory games on a digital tablet
to assess location memory and then performed a free
recall task to assess item memory. Two games enabled
us to compare dangerous vs. nondangerous entities. A
third game was designed specifically to compare evol-
utionary threats to modern threats. Based on prior evi-
dence of attentional and memory biases for threat in
children, we predicted that children would exhibit a
threat superiority effect in both item and location
memory. Regarding the comparison between evolutionary
and modern threats, we were agnostic and therefore did
not put forward a directional hypothesis due to the

mixed findings in the literature (Subra et al., 2017; Zhang
& Guo, 2019; Zsido et al., 2018).

Comparison between dangerous and
nondangerous entities

Effect of threat on item memory

Overall, free recall performance improved with age, in line
with developmental work showing substantial improve-
ments in free recall between early and middle childhood
(e.g., Cole et al., 1971; Geis & Hall, 1978; Puff et al., 1984).
In addition, our results revealed a significant effect of
threat on item memory: Children aged 5-10 years recalled
dangerous items presented during the Memory games
better than nondangerous ones. This pattern is consistent
with previous studies that have reported a threat superior-
ity effect in both adults (Chapman et al.,, 2013; Leding,
2019) and children (Kinzler & Shutts, 2008; Prokop & Fan-
Covicova, 2017). To our knowledge, this study is the first
to demonstrate such an effect in children as young as 5
years old. This finding may support the adaptive memory
view, insofar as it suggests that survival-relevant entities
are prioritised in memory (e.g., Nairne et al.,, 2017; Nairne
& Pandeirada, 2016).

However, this pattern of results was restricted to the
comparison between dangerous and nondangerous
animals. As shown in the detailed analyses, no threat
superiority effect emerged when comparing natural
threats to nondangerous natural elements. This null
result is not easy to account for. Since naming ability can
influence memory performance (e.g., Forsberg et al,
2020), we examined whether this factor could explain
the lack of a threat effect. However, including naming per-
formance as a covariate did not reveal a significant main
effect of threat, suggesting that naming ability did not
explain this null result. Another possible explanation is
that natural threats are conceptually less familiar to
young children than nondangerous natural elements. Con-
ceptual familiarity is here understood as distinct from
lexical access, referring to children’s knowledge and
semantic representation of a concept rather than their
ability to retrieve its label. Consistent with this idea,
adult-based frequency norms reveal that natural threats
are less frequent than nondangerous natural elements in
books. However, correlations between frequency norms
and free recall performance were observed only in 5-
year-old children. Furthermore, despite potential differ-
ences in conceptual familiarity, participants’ dangerous-
ness ratings clearly indicated the threatening nature of
natural threats. This suggests that children clearly distin-
guished these two categories in terms of perceived dan-
gerousness. From a theoretical perspective, one
possibility is that dangerous animals and natural threats
differ in their evolutionary relevance. As Shapouri et al.
(2023) suggested, “it remains uncertain whether the
neural processing of predatory animals and natural disas-
ters necessarily exhibits similarity” (p. 15). Indeed, it can



be argued that dangerous animals have posed more fre-
quent and imminent threats throughout human evolution,
favouring the selection of mnemonic biases, as suggested
by the idea of prepared social learning regarding danger-
ous animals in children (Barrett & Broesch, 2012; Broesch
et al.,, 2014). In contrast, natural threats may have posed
more sporadic dangers and may not have conveyed the
same immediacy or relevance to action as dangerous
animals. In addition, natural threats may be more hetero-
geneous in their form (Stolhoferova et al., 2026) and may
not afford a clear or consistent set of adaptive responses,
unlike dangerous animals, which may more readily elicit
stereotyped action tendencies such as freezing, fleeing,
or fighting. Therefore, it is unclear whether animal and
natural threats are processed in the same way, meaning
they cannot be directly compared.

Overall, further research using a larger number of items
will be needed to determine whether the present findings
reflect robust category-level effects or, in part, item-level
variability.

Effect of threat on location memory

This study demonstrated a threat superiority effect in
location memory for the first time, in children aged 8-10.
However, as with free recall, this effect was restricted to
the animal category.

Location memory is a crucial cognitive component from
an adaptive perspective (Nairne et al., 2012; Postma et al.,
2008). As stated by Misirlisoy et al. (2019), “for an item to
successfully aid the organism’s survival, it is essential that
the context in which it was encountered is also remem-
bered”. Our results support this adaptive memory frame-
work and align with studies showing that source
memory for spatial locations in adults is tuned to efficiently
process fitness-relevant information (Lhoste et al., 2025;
New et al., 2007; Nikakhtar et al., 2025). From an ultimate
point of view, it is reasonable to assume that avoiding
danger would be prioritised early in development. Threat
may strongly influence associative memory processes
involved in binding “what” and “where” information.
Threatening stimuli robustly recruit emotional systems,
such as the amygdala. Through direct projections to the
hippocampal formation, the amygdala may facilitate the
encoding of spatial location (Phelps, 2004; Song, 2023).
Consistent with this claim, we found negative associations
between emotional variables (arousal and emotional
intensity) and location memory scores in our experiment
(see below). However, it is important to mention that no
threat superiority effect was found in 5-year-old children
for memory location. Younger children’s location
memory may not be mature enough (e.g., Cestari et al.,
2007) to benefit from threat-related enhancement.” This
aligns with the position of Otgaar et al. (2014) who
argue that the development of general memory processes
primarily accounts for adaptive memory effects.
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Comparison between modern and evolutionary
threats

Another objective of the present study was to examine
whether the evolutionary relevance of threatening entities
influences memory processes in children. Although there
is a general consensus on preferential threat (vs. non-
threat) processing, there are different views on the relative
advantage of evolutionary versus modern threats (e.g.,
Subra et al, 2017). Studies using attentional paradigms
have yielded mixed findings (Erlich et al., 2013; Fox et al.,
2007; Subra et al, 2017). To our knowledge, only two
studies have compared modern and evolutionary threats
in memory tasks in adults. Lhoste et al. (2025) reported
no difference in item or location memory between
modern and evolutionary threats, whereas Wilson et al.
(2011) found superior location memory for evolutionary
threats (e.g., dangerous animals) compared to modern
threats (e.g., weapons) in a Memory game paradigm.

Our free recall results showing the superiority of
modern threats in children align with a soft version of
the evolutionary perspective and some previous studies
(e.g., Zsido et al., 2019). However, this pattern contrasts
with attentional paradigm findings that report an advan-
tage for ancestral threats (e.g.,, Zhang & Guo, 2019). An
important methodological consideration concerns the
nature of the stimuli used to represent evolutionary
threats in previous studies. To our knowledge, all existing
studies have used animate stimuli to represent evolution-
ary threats and inanimate stimuli to represent modern
threats. This approach may conflate threat status with
animacy status (Grossi, 2014; Leding, 2019; Sulikowski,
2022). The present study addressed this limitation.
However, as discussed above, dangerous animals may
not be directly comparable to natural threats despite
both being classified as evolutionary threats. Therefore,
caution should be exercised when drawing direct compari-
sons with earlier work.

Despite using identical stimuli and a similar paradigm,
children in our experiment recalled more modern threats
than evolutionary threats, whereas this was not the case
in adults in the Lhoste et al. (2025) study. The source of
this discrepancy remains unclear, but an interesting possi-
bility involves developmental differences in stimulus rel-
evance. With increasing experience, natural threats may
become more conceptually familiar and acquire a level
of relevance comparable to that of modern threats in
adults, resulting in no clear prioritisation of one category
over the other. In contrast, modern threats such as
weapons may be perceived as particularly relevant by chil-
dren, leading to preferential processing. This interpret-
ation aligns with relevance-based accounts of threat
processing, which posit that prioritisation depends on
the perceived relevance of a stimulus rather than its evol-
utionary origin alone (Fox et al., 2007). Nevertheless, this
explanation remains speculative and requires direct inves-
tigation in future developmental research.
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Finally, no difference was observed in location memory
scores between modern and evolutionary threats, regard-
less of age. This aligns with the results of adults in Lhoste
et al. (2025), but not in Wilson et al. (2011). However, the
latter study did not clearly define how location memory
errors were identified. This may make it difficult to
compare the two studies. The lack of a location memory
advantage also contrasts with the memory benefit for
modern threats observed in the free recall task. The discre-
pancy between location memory and free recall perform-
ance may reflect differences in the adaptive relevance of
the information retained. From an adaptive perspective,
it may be less critical to prioritise the precise spatial
location of weapons or natural threats than to retain infor-
mation about their presence.

Role of the emotional dimensions of the pictures

Threatening stimuli are commonly assumed to benefit
from a memory processing advantage because they elicit
strong emotional responses. These responses modulate
memory through interactions between emotion and
memory-related brain regions (e.g., Kensinger, 2007).
Several theoretical models emphasise the role of arousal
conveyed by threatening stimuli in their memory advan-
tage (LeDoux, 2012, 2022). According to these models
(Cahill & McGaugh, 1998; McGaugh, 2000), emotionally
intense experiences activate stress-related physiological
systems, resulting in hormonal and neuromodulatory
changes that engage the basolateral amygdala. The amyg-
dala then modulates the consolidation of memory traces
through its extensive structural and functional connec-
tions with long-term memory systems (e.g., Kensinger &
Corkin, 2004; McGaugh, 2004; Simi¢ et al., 2021).
Consistent with these accounts, children’s danger
ratings were highly correlated with adults’ ratings of
arousal and emotional intensity. Additionally, significant
correlations were found between free recall performance
and arousal and emotional intensity ratings for animals.
Pictures of animals that evoke stronger emotional
responses were more likely to be better remembered,
regardless of age. Similar patterns of associations were
also observed for location memory errors in children
aged 8-10. Fewer location memory errors were made for
pictures of animals that elicit stronger emotional acti-
vation. This was not the case for children aged 5, but
these younger children did not exhibit a memory location
advantage for dangerous animals. However, it is worth
mentioning that these correlational findings do not allow
us to determine whether arousal or emotional intensity
mediates the relationship between stimulus dangerous-
ness and memory performance. Mediation analyses
would have provided additional insight, but they could
not be conducted due to substantial collinearity
between dangerousness, arousal, and emotional intensity

ratings. Thus, the present results support a close associ-
ation between perceived threat, emotional activation,
and memory performance, but do not permit conclusions
about the causal mechanisms underlying this relationship.

Before concluding, another potential limitation of the
present study is worth mentioning: Arousal and emotional
intensity were assessed through subjective ratings rather
than objective physiological measures. Therefore, they
may reflect explicit evaluations of emotional experience
rather than direct indices of physiological arousal.
Additionally, these ratings were obtained from adults,
whereas memory performance was assessed in children.
This may limit the extent to which the ratings capture
the actual emotional responses elicited in the child partici-
pants. However, this limitation is not unique to the present
study, as stimulus ratings are often obtained from adult
samples in developmental research (e.g., Kujawa et al.,
2012; Solomon et al., 2012).

Conclusion

Taken together, our results offer interesting insights into
the impact of threat-related stimuli on children’s
memory processes. Overall, our findings are consistent
with previous research suggesting an early-developing
bias towards dangerous entities, with a threat-related
advantage already evident in item memory by the age of
5 and emerging later in location memory, by the age of
8. Furthermore, compared to neutral stimuli, threat-
related stimuli appear to engage emotional processing
mechanisms that support the binding of item and spatial
information in memory. Finally, our findings reveal an
interesting distinction between the processing of danger-
ous animals and natural threats, underscoring the need for
future studies to address this issue more directly.

Notes

1. It should be noted that the study of Lhoste et al. (2025) was
conducted in adults. Developmental studies on threat-
related memory remain scarce and, when available, differ sub-
stantially from the present study in terms of materials and pro-
cedure. Nevertheless, the few available child studies provide a
useful point of reference. In particular, the effect size reported
by Kinzler and Shutts (2008) (d = .45) would require a sample
size of approximately 36 participants in total (12 per age
group), which aligns with the estimate derived from the
adult study used here. Estimates derived from Barrett and
Broesch (2012) suggest a smaller sample size (approximately
6 per age group).

2. An alternative interpretation is that the memory game used in
the present study may have been too cognitively demanding
for 5-year-old children to reveal an advantage for specific
stimulus categories. Although this task provides an ecologi-
cally valid and engaging way to assess location memory, it
also involves strategic and decision-making components,
including exploration-exploitation trade-offs. Future studies
should therefore examine whether similar findings could be
obtained with simpler location memory tasks.
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