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Differential attentional demands on implicit and explicit associative memory in 
children 8–12 years old
Emily E. Davis , Hannah G. Thomas, Matthew S. Price, Caitlin E.V. Mahy and Karen L. Campbell 

Psychology Department, Brock University, St. Catharines, Canada

ABSTRACT  
Associative memory improves during childhood, suggesting an age-related improvement in 
the binding mechanism responsible for linking information together. However, tasks 
designed to measure associative memory not only measure binding, but also place demands 
on attention. This makes it difficult to dissociate age-related improvements in memory from 
the development of attention. One way to reduce attentional demands is to test memory 
implicitly versus explicitly. In this study, children (8-, 10-, and 12-years-old) completed 
separate implicit and explicit associative memory tests. For the implicit task, children 
incidentally encoded pairs of objects by making an object categorization decision. At test, 
they completed the same task, but unbeknownst to the participants, the pairs were either 
intact, rearranged, or new. Next, children completed another incidental encoding phase, 
then an explicit test in which they indicated whether the pairs were intact, rearranged, or 
new. For the implicit test, all age groups had faster reaction times for intact than rearranged 
pairs (indicative of implicit associative memory). In the explicit test, memory performance (d’) 
improved with age. A separate measure of attention related to performance in both the 
explicit and implicit tasks. Together, these results support that attentional mechanisms 
contribute to age-related improvements in associative memory.

ARTICLE HISTORY
Received 6 May 2024 
Accepted 4 April 2025  

KEYWORDS  
Associative memory; implicit 
memory; attention; 
development

Forming associations between items in our environment 
that share space and time is essential for learning and 
remembering our past experiences. Episodic memory is 
dependent on our ability to integrate, or bind, the 
various elements of an event (e.g., time, location, what 
happened) into a cohesive unit. Past work suggests that 
this capacity to form and recall associations is something 
that continues to develop from childhood into adoles
cence (Guillery-Girard et al., 2013; Thaler et al., 2013). 
However, there is still debate over what cognitive pro
cesses develop to drive this age-related improvement in 
performance. There is some evidence to suggest that 
improvement is related to the development of associative 
binding processes, while other evidence suggests that this 
improvement is contingent on the development of stra
tegic or metacognitive processes that rely on attentional 
control (Shing et al., 2010). While both cognitive processes 
are critical for memory (see Aly & Turk-Browne, 2017; Chun 
& Turk-Browne, 2007 for reviews), they develop at different 
rates in children and may differentially affect memory per
formance. The current study aimed to explore the relative 
contribution of associative binding and attentional pro
cesses in the development of associative memory across 
middle childhood.

Associative memory is typically tested explicitly. In 
these tasks, participants learn a series of unrelated pairs 
(e.g., two objects or an object and a scene), followed by 
a test phase in which some of the pairs remain the same 
while others are different in some way (e.g., familiar 
items mixed in their pairings or with new but similar 
looking items). Participant then must indicate if these are 
items have been previously seen together or if they are 
different/new. On these types of tasks, children show pro
tracted development with rapid improvements in perform
ance between ages 8 and 10 years old, continuing at a 
slower rate into adolescence (Thaler et al., 2013). As 
such, young children often perform worse on associative 
memory tasks than young adults (Lloyd et al., 2009; Ngo 
et al., 2019; Sluzenski et al., 2006). This poor performance 
is usually due to a limited ability to discern between 
objects they have seen before and similar looking lures 
or rearranged items (i.e., false alarms), rather than a 
problem endorsing old pairs as old (i.e., hits; Benear 
et al., 2021; Lloyd et al., 2009; Ngo et al., 2019).

One interpretation of this pattern is that children may 
remember individual items that they have seen, but 
cannot accurately integrate those units into a memory 
trace (indicative of underdeveloped binding mechanisms; 
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a similar argument has been made in regards to older 
adults [Old & Naveh-Benjamin, 2008]). As a result, children 
may be more likely to rely on familiarity to make memory 
judgements rather than recollection (e.g., Brainerd et al., 
2004; Ghetti & Angelini, 2008). This maps onto neuroima
ging work that has found that the hippocampus (a brain 
region critical for associative binding and memory; 
Davachi & Wagner, 2002; Moscovitch, 1992; Yonelinas, 
2013) shows protracted development, such that there 
are age-related changes that occur to both hippocampal 
function (Ghetti et al., 2010) and structure (Gogtay et al., 
2006) into young adulthood. These changes have been 
shown to predict associative memory performance in 
both cross-sectional and longitudinal samples (Daugherty 
et al., 2017; Lee et al., 2020). These findings suggest that 
hippocampal development might contribute to improved 
associative binding with age and as a result, improved 
associative memory.

However, other work suggests that associative binding 
is already established at a young age. At very early stages 
of development, the ability to form associations is essential 
for engaging with and learning from the environment. For 
instance, there is evidence of associative binding in infants 
(Richmond & Nelson, 2009; Rovee-Collier & Cuevas, 2009; 
Saffran & Kirkham, 2018 for reviews) who are learning 
how objects operate in space (object-context associations; 
Bertels et al., 2017) and developing vocabulary (object- 
word associations; Curtin et al., 2009; Tsui et al., 2019). At 
a neural level, despite some ongoing changes to the hip
pocampus throughout development, the cytoarchitecture 
of the hippocampus is relatively mature within the first 
year of life (Seress, 2007). As such, it is possible that the 
hippocampus could support associative binding early on 
in development. Thus, age differences in associative 
memory in later childhood may not be due to the develop
ment of the binding mechanism itself, but rather the 
development of other cognitive functions.

Alternatively, lifespan theories of episodic memory 
argue that improved associative memory with age is pre
dominately a result of developing strategic functions 
that rely on attentional control rather than associative 
binding mechanisms (Shing et al., 2010). For instance, neu
roimaging work shows that the prefrontal cortex (critical 
for attentional control) undergoes protracted develop
ment into adulthood (Giedd, 2004; Raz et al., 2005; 
Sowell et al., 2001, 2004). Behavioural evidence also 
demonstrates that attentional processes develop into 
early adulthood (Leon-Carrion et al., 2004; Roncadin 
et al., 2007). Specifically, there is extended development 
of attentional processes that require effort or control 
rather than those that are automatic, such as the ability 
to withhold a prepotent response or suppress task-irrele
vant information (Howard et al., 2014).

In research with young adults, there is substantial evi
dence to support that attentional control is important for 
memory (e.g., Aly & Turk-Browne, 2016a, 2016b; Noonan 
et al., 2016; Uncapher et al., 2011; Uncapher & Rugg, 

2005). There has been less exploration of how attention 
and memory interact in children, however there is some lit
erature to suggest that attentional processes affect chil
dren’s memory performance as well (Kee & Nakayama, 
1980; Shing et al., 2008). For example, attentional control 
has been shown to limit what can be in held in short- 
term memory in children (Astle et al., 2012; Robert et al., 
2009). Children do better on associative memory tasks 
when the stimuli are more salient and attention capturing 
(Baadte & Meinhardt-Injac, 2019; Yim et al., 2013). 
Additionally, natural transient fluctuations in attention 
throughout encoding have been shown to predict sub
sequent memory. That is, when children appear to be 
“in-the-zone” or in a high attentional state (as measured 
by reaction time [RT] variability), they are more likely to 
remember those trials later than trials in which they 
were “out-of-the-zone” or in a low attentional state 
(Decker et al., 2023). Together, it seems that children rely 
on attentional resources to encode and recall items from 
memory. As such, the development of attentional control 
may be the primary driver of age-related improvements 
in associative memory.

One way to determine whether improvements in 
associative memory with age is driven by the development 
of associative binding or attentional control is by testing 
memory implicitly versus explicitly. Most tests of associat
ive memory involve directly asking children to indicate 
whether pairs of items are old or new; however, these 
explicit tests not only depend on children’s ability to 
form and retrieve associations, but also place demands 
on attentional control. For example, participants must 
use effective encoding strategies, focus on task relevant 
information, deliberately bring details to mind at retrieval, 
and inhibit irrelevant memory traces. Alternatively, implicit 
tasks measure memory indirectly and by doing so, mini
mise demands on attentional resources (Jacoby, 1991).

Dew and Giovanello (2010; see also Kan et al., 2011) 
used this strategy with older adults; comparing implicit 
and explicit tests to assess the integrity of associative 
binding in older age. Older adults have also been shown 
to perform worse than younger adults on associative 
memory tests (Chalfonte & Johnson, 1996; Naveh-Benja
min, 2000). The cause of this deficit has been widely 
debated with some researchers arguing that it is primarily 
caused by an inability to bind memoranda into associative 
units (Old & Naveh-Benjamin, 2008), while other research
ers have attributed the deficit to age-related declines in 
attentional control (Campbell et al., 2010). To explore 
this question, Dew and Giovanello showed older and 
younger adults pairs of objects and asked them to make 
a speeded object categorization decision about the two 
objects. Participants then completed the same task 
again, however unbeknownst to the participants, the 
pairs were now either intact (same pair from encoding), 
rearranged (familiar items shown with other items from 
encoding), or new (not seen before). Both younger and 
older adults were faster to respond to intact than 
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rearranged pairs (an indicator of associative priming), and 
rearranged than new pairs (an indicator of item priming), 
suggesting that older adults were able to bind the items 
into a cohesive unit (see Davis et al., 2021 for similar 
results). The same participants also completed an explicit 
test with different items, in which they completed the 
same incidental encoding task, but at test were asked to 
indicate if the pairs were intact, rearranged, or new. On 
this explicit test, older adults performed worse than 
young adults. Together, these results suggest that older 
adults were able to form associations between unrelated 
items (suggestive of intact associative binding), but the 
cognitive demands of the explicit test negatively impacted 
older adults’ performance (indicative of deficits in con
trolled retrieval).

In the current study, we used the same method as Dew 
and Giovanello (2010) to determine whether age-related 
improvements in associative memory are due to changes 
in associative binding or attentional control. We focused 
on children aged 8–12 years old because past research 
has demonstrated a rapid improvement in episodic 
memory during this time period (Thaler et al., 2013). We 
predicted that if the improvement in associative memory 
is driven by the development of attentional control 
during these years, then we would expect to see an age- 
related improvement in explicit, but not implicit, associat
ive memory. This prediction would be supported by age 
differences in corrected recognition in the explicit task, 
but no difference on the implicit task. That is, all partici
pants should show faster reaction times (RTs) to intact 
than rearranged and rearranged than new pairs on the 
implicit task. Conversely, if improvement is driven by the 
development of the binding process, then there should 

be age-related improvements on both the implicit and 
explicit associative memory tasks.

We also had participants complete an attentional 
control task to explore whether individual differences in 
attention relate to performance on the associative 
memory tasks. For the explicit task, we expected that if 
the development of attentional control drives age- 
related improvements in performance, then our measure 
of attention should relate to corrected recognition on 
this task. For the implicit associative memory test, we 
expected attention to relate to the amount of interference 
experienced for rearranged pairs, but not the amount of 
priming for intact pairs. We have previously shown that 
associative priming on this task appears to be made up 
of both a priming (or speeding up) effect for intact pairs 
relative to encoding RTs and an interference (or slowing 
down) effect for rearranged pairs (Davis et al., 2024). 
Rearranged pairs consist of two familiar items (e.g., basket
ball and llama; see Figure 1b) that were each originally 
paired with other items (e.g., butterfly and chair). These 
other items may erroneously come to mind at retrieval, 
thus creating interference. To quickly respond to the 
object categorization question, it is important to suppress 
these previous associations because they are not currently 
task-relevant. Suppression takes time (Healey et al., 2010, 
2014) and relates to attentional control (Gerard et al., 
1991; Healey et al., 2013; Ngo et al., 2021). As such, individ
uals with worse attentional control should show greater 
slowing on rearranged trials (relative to encoding) than 
those with good attentional control. Further, if associative 
binding is relatively automatic (Logan & Etherton, 1994; 
Moscovitch, 1992; Rovee-Collier & Cuevas, 2009) and 
developed by age eight, then speeding up to intact pairs 

Figure 1. Depiction of task procedure.
Note. (A) The order in which the tasks were administered. (B) Example of the pairs that participants would see at encoding (left) and at test (right) during the implicit and explicit 
memory blocks. (C) Stimuli from the Flanker Go/No-Go task. The conditions (ordered top to bottom): Congruent, Incongruent, No-Go.
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(relative to encoding) should not depend on attention. 
Thus, we do not expect attention to relate to the 
amount of priming on these trials.

In sum, our first aim was to use implicit and explicit 
memory tests to dissociate the different contributions of 
associative binding and attentional processes to the devel
opment of associative memory. Our second aim was to 
explore whether individual differences in attentional 
control map onto performance on these two associative 
memory tasks.

Method

Participants

Children (8-, 10-, and 12-years of age) were recruited from 
the psychology department’s participant pool, local 
library, and through Facebook advertisement. Some par
ticipants recruited at the library were tested in a private 
room on-location. All other participants were tested in 
the lab. Sample size was determined by an a priori 
power analysis for the implicit associative memory analysis 
(Age x Pair Type interaction), which we anticipated would 
be the smaller effect of interest. This analysis indicated that 
93 participants (31 per age group) were required to detect 
a small-medium sized effect ( f = .15) with 80% power (α  
= .05). To obtain this sample, we aimed to recruit 35 chil
dren per age group. Participants were replaced for the fol
lowing reasons: children did not understand task 
instructions or clearly did not pay attention (n = 6), 
researcher/program error (n = 11), parents did not 
consent to their data being released online to other 
researchers (n = 2), and children did not complete the 
task (e.g., bored/hungry; n = 3).

Data were analyzed for 35 8-year-olds, 37 10-year-olds, 
and 35 12-year-olds in each group. From here, children 
were excluded from the final sample if they had outlying 
reaction times on the implicit associative memory test (n  
= 3; one child per age group), did not correctly reject any 
new pairs in the explicit associative memory test (n = 1, 
8-year-old), or performed worse than chance on the expli
cit associative memory test (n = 2, 8-year-olds, n = 2 10- 
year-olds, n = 3 12-year-olds). The final sample included 
31 8-year-olds (M = 102 months, SD = 3.51, Range = 97– 
110 months), 34 10-year-olds (M = 125, SD = 4.65, Range  
= 118-135), and 31 12-year-olds (M = 149, SD = 4.45, 
Range = 139-155). The sample was predominantly White 
(68.20%; 1.87% Black,.94% Asian, and 13.10% mixed ethni
city, 5.61% undisclosed) and more than half 
of the sample’s household income was over $75,000 
per year (1.87% earning less than 25,000 CAD, 
9.35% earning between 25,000 and 40,000 CAD, 
12.10% earning between 40,000 and 75,000 CAD, 
23.40% earning between 75,000 and 100,000 CAD, 
37.40% earning more than 100,000 CAD, and 5.61% 
undisclosed).

Stimuli

Two-hundred and twenty-six images of real-life, everyday 
objects (300 × 300 px) were taken from Hovhannisyan 
et al. (2021). Eighteen images were used as buffer trials 
at the beginning of each of the two incidental encoding 
blocks and the implicit associative test block (three pairs 
per task that were not included in the data analysis) and 
16 were used for practice trials. The remaining stimuli (n  
= 192) were divided into two lists for each of the implicit 
and explicit blocks. Within each list, the first half was 
assigned to encoding (24 trials). To create the test pairs, 
half of the encoding pairs were assigned as intact pairs 
(12 trials), and the other half were shuffled to create the 
rearranged trials (12 trials). The remaining pairs in the list 
(i.e., not shown at encoding) were assigned to be new 
pairs at test (24 trials). See Figure 1b. In line with Dew 
and Giovanello (2010), the images were randomly paired 
with other objects with the stipulation that all pairs were 
congruent (i.e., both items could either fit or not fit in 
the desk drawer) and that 50% of the responses to the 
object categorization question (i.e., can these items fit 
inside of a desk drawer?) were yes. This split was true for 
each pair type (i.e., of the yes responses, 50% were intact 
at test and the rest were rearranged). Rearranged pairs 
maintained their key binding from encoding to test in 
the implicit block, such that if a participant responded 
yes at encoding, then the response to the rearranged 
trial at test would also be yes. This congruency ensures 
that any differences in reaction time between intact and 
rearranged trials is a result of condition, and not changes 
in the stimulus-response binding (Davis et al., 2021; Dew 
& Giovanello, 2010; Gomes & Mayes, 2020). The lists were 
counterbalanced such that each pair was assigned to 
each pair type condition and to both the implicit and expli
cit tasks across participants.

Procedure

All study procedures were cleared by the Research Ethics 
Board at Brock University (REB 20-357). Parental consent 
and child assent was obtained before starting the exper
iment. The task was administered with E-Prime 3 (Psychol
ogy Software Tools, Pittsburgh, PA) on a 14-inch Dell 
laptop (1366 × 786 px). All participants first completed 
the implicit associative memory block (incidental encoding 
followed by an implicit associative memory test), then the 
explicit associative memory block (incidental encoding fol
lowed by an explicit associative memory test). A major 
strength of this paradigm is the use of the same encoding 
task prior to implicit and explicit tests, ensuring that any 
differences observed are due differing demands at retrie
val. Between encoding and test for each block, participants 
completed a filler task that was a child-friendly version of a 
combined Flanker Go/No-Go task (all tasks described 
below). The task order was not counterbalanced because 
it was essential that participants did not know that their 
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memory was going to be tested during the implicit 
memory block (see Figure 1a). Prior to the session or 
during the session, parents filled out a questionnaire (see 
Parent Questionnaire below for more details).

Incidental encoding
Participants were told that they would be playing an 
object categorization game in which they saw a centrally 
located fixation cross (1000 ms) followed by two objects 
that appeared on the left and right side of the screen on 
a white background (2000ms). Participants were asked to 
decide as quickly, but as correctly as possible whether 
the objects could fit together inside of a desk drawer. 
Responses were collected using the “f” and “j” keys on 
the keyboard marked with “Y” (yes responses) and “N” 
(no responses) stickers, respectively, over the keys to 
guide the participants hands. Participants were told to 
think of their school desk for reference or a similarly 
sized desk drawer visually available in the testing room. 
On each trial, if participants made their decision within 
2000ms, the stimulus would remain on the screen for the 
entire 2000ms before the next trial would begin. If partici
pants did not respond within 2000ms, the stimulus would 
clear the screen, but they had an additional 6000 ms to 
respond. In this case, the next trial began once the 
response was made or after 6000 ms. Incidental encoding 
was the same for both the implicit and explicit blocks.

Before beginning the first incidental encoding task, par
ticipants were given a verbal example that children were 
required to correctly respond to before continuing to the 
practice trials (91.67% of children correctly answered the 
verbal response on their first try, 6.25% on their second, 
2.08% on their third). The participants could do the prac
tice trials (8 trials) as many times as needed. No children 
did the practice trials more than twice.

Implicit associative memory test
The implicit associative memory test was the same as the 
incidental encoding. However, unbeknown to the partici
pants some of the pairs were intact (familiar items paired 
together at encoding), rearranged (familiar items pre
viously paired with other items at encoding), or new 
(both items not seen at encoding). See Figure 1b for 
example of the stimulus pair types.

Explicit associative memory test
The explicit memory test was like the implicit memory test, 
such that two objects appeared on the left and right side 
of the screen and the same number of pairs were intact, 
rearranged, or new. However, participants were told that 
they needed to explicitly indicate to the researcher 
which pair type (intact, rearranged, new) they thought 
the current pair belonged to. Participants said their 
answers aloud and the research assistants entered their 
responses using a keyboard. If the child assented, the 
session was also audio recorded to ensure that the 
responses entered were accurate. The researchers made 

it clear to the participants that they did not know the 
correct answers. The pairs remained on the screen until 
participants made their response.

There were no practice trials for this task. To ensure that 
the children understood the instructions, the researchers 
reviewed the different types of pairs several times prior 
to starting the task and had the children repeat the instruc
tions back. To further ensure that the children understood 
the task, the researcher confirmed the meaning of the first 
response made for each pair type. For example, the first 
time that the child indicated that they thought the pair 
was intact, the researchers would say, “That means that 
you have seen both objects before and you think they 
were shown together on the screen at the same time 
earlier. Is that what you mean?” The first time that the 
child indicated that they thought the pair was rearranged, 
the researchers would say, “That means that you have seen 
both objects before, but you think that these objects were 
shown on the screen with other items before. Is that what 
you mean?”. The first time that the child indicated that 
they thought the pair was new, the researchers would 
say, “That means that you do not think you have seen 
either of these objects before. Is that what you mean?”. 
In situations where the child responded, “I don’t know”, 
researchers prompted the child with all possible responses 
and told the child to make their best guess.

Recordings of the verbal responses made by the chil
dren during the explicit associative memory test were tran
scribed by a research assistant and reviewed by another. 
Any discrepancies were discussed amongst the original 
transcriber, the research assistant who reviewed it, and 
the first author or lab manager until consensus was 
reached. For children who did not have recordings, the 
responses entered by the researcher via keyboard during 
the session were used. Children did not have recordings 
for the following reasons: technological issues (n = 2), 
researcher error (n = 2), or child did not assent to the 
recording (n = 4). From here, the number of hits (correctly 
indicating that intact pairs were seen together previously) 
and false alarms (incorrectly indicating that rearranged or 
new pairs were seen together previously) were calculated 
for each participant. For our analyses, we did not include 
false alarms to new pairs as they were infrequent (see 
Figure 3a). Next, d’ values (a measure of corrected recog
nition) were calculated for each participant to be used as 
the dependent variable. Hit rates of 1 and false alarm 
rates of 0 were corrected using the approach suggested 
by Macmillan and Kaplan (1985) in which values of 0 are 
replaced with 0.5/nSignal or Noise trials and values of 1 are 
replaced with (nSignal or Noise trials −0.5)/n.

Flanker Go/No-Go
This child-friendly version of a combined flanker and Go/ 
No-Go task was closely modelled after Brydges et al., 
(2012, 2013). In this task, participants were told that they 
were going to feed fish. In the first filler task (i.e., during 
the implicit block), participants completed a graded 

MEMORY 531



learning phase that included speed and accuracy feedback. 
The first learning phase was meant to acclimate the partici
pant to the response keys. After a fixation cross (500 ms), 
participants saw a single green fish (300 ms) and were 
told that to feed the fish they needed to respond to the 
direction that the fish was facing as quickly, but as accu
rately as they could (8 trials). In the second learning 
phase, they were introduced to the flanker component of 
the task. They were told that the single fish would be sur
rounded by other fish that would either face the same direc
tion as the middle fish (congruent trials; 4 trials) or the 
opposite direction of the middle fish (incongruent trials; 4 
trials), but that they only wanted to feed the fish in the 
middle. In the final learning phase, they were introduced 
to the No-Go component of the task. They were told that 
sometimes fish would be red and to not feed these fish 
by withholding a response on these trials (no-go trials; 16 
trials). See Figure 1c for an example of the stimuli. After 
the practice, participants started the task. During this 
phase, feedback was not provided.

During the second filler task (i.e., during the explicit 
block), participants completed the same Flanker Go/No- 
Go task however this time they were not provided practice. 
To account for differences in duration between the first 
filler task with practice and the second without, 1/3 of 
trials (62 trials; 50% congruent, 25% incongruent, 25% 
no-go) were completed during the first filler task, and 
the last 2/3 (124 trials; 50% congruent, 25% incongruent, 
25% no-go) were completed during the second filler 
task. Each task took approximately 3 min.

Parent questionnaires
Parents were asked to complete two questionnaires either 
before or during the experiment. The first questionnaire 
was a standard demographic questionnaire. This question
naire asked about age of the children, socioeconomic 
status, and other information about the family dynamics 
of the child (e.g., whether there are siblings, how old 
those siblings are, who cares for the child most often). 
The second questionnaire was the Child Memory Ques
tionnaire – Revised (CMQ-R; Hedges et al., 2015), which 
probed the parents’ subjective experience of their child’s 
day-to-day memory. This questionnaire was added as an 
exploratory measure to investigate whether in-lab 
memory and/or attention task performance relates to 
real-life memory of children. However, children’s every 
day memory did not relate to any of the memory or atten
tion outcome measures, so we do not report it here. These 
data and associated analyses can be found on OSF (Open 
Science Framework).

Results

Statistical analysis

Data were processed and analyzed with R using the follow
ing packages: tidyverse, ggpubr, Rmisc, rstatix and lme4. 

Reported p-values for follow-up pairwise comparisons 
are Bonferroni corrected. Bayes Factor are included 
for key interactions. BFincl indicates the amount of evi
dence to include a variable in the model, whereas BFexcl 

indicates the amount of evidence to exclude a variable 
in the model. BF > 3 suggest that there is substantial evi
dence to either include or exclude that effect (Wetzels 
et al., 2011). Bayesian analyses were done in JASP (JASP 
Team, 2020). All data and analyses (including full Bayesian 
models) are on OSF (https://osf.io/e8zbr/?view_only= 
8955971f3a45414ea3e03489b06dc642).

Implicit associative memory

To avoid penalizing children for age differences in object 
knowledge, all RTs were included in the analysis regardless 
of response accuracy to the object categorization ques
tion. Anticipatory RTs less than 200 ms and outlying RTs 
greater than 3 SD from the mean within each participant 
and condition were trimmed. To determine whether trim
ming differed across the age groups for each task, the pro
portion of trials remaining were entered into a one-way 
analysis of variance (ANOVA) with age group as the inde
pendent variable. At encoding, there was an effect of 
age on trimming, F (2, 93) = 5.40, p = .006, ηp

2 = .10, driven 
by 8-year-olds (3.63%) requiring more trimming than 10- 
(1.23%) and 12-year-olds (1.34%). At test, there was an 
effect age on trimming for intact pairs, F (2, 93) = 3.10, 
p = .049, ηp

2 = .06, but none of the pairwise comparisons 
survived correction for multiple comparisons, ps > .067 
(8-year-olds: 0.52%, 10-year-olds: 1.72%, 12-year-olds: 
0.27%). There was no effect of age on trimming for 
rearranged, F (2, 93) = 0.007 p = .99, ηp

2 < .001 (8-year- 
olds: 0.81%, 10-year-olds: 0.74%, 12-year-olds: 0.81%), or 
new pairs, F (2, 93) = 0.29, p = .75, ηp

2 = .006 (8-year-olds: 
1.34%, 10-year-olds: 1.23%, 12-year-olds: 1.61%).

To determine whether there were age differences in 
speed at encoding, RTs were entered into a one-way 
ANOVA with age group as the independent variable. This 
analysis yielded a main effect of age group, F (2,93) =  
21.00, p < .001, ηp

2 = .32. This main effect was driven by 8- 
year-olds (M = 1402, SD = 265) responding slower than 
both 10- (M = 1161, SD = 172), t (63) = 4.38, p < .001, d =  
1.09, and 12-year-olds (M = 1068, SD = 175), t (60) = 5.85, 
p < .001, d = 1.49. Ten- and 12-year-olds showed no differ
ence in RT, t (63) = 2.16, p = .104, d = 0.54. Encoding accu
racy as a proportion was entered into the same analysis 
and yielded a main effect of age group, F (2,93) = 3.90, 
p = .024, ηp

2 = .08. This effect was driven by 8-year-olds 
(M = .85, SD = 0.10) responding incorrectly to the object 
categorization question more often than 12-year-olds (M  
= .91, SD = 0.07), t (60) = 2.94, p = .014, d = 0.75. Eight- 
and 10-year-olds (M = .88, SD = 0.10) and 10- and 12- 
year-olds did not differ in accuracy, ps > .376. Critically, 
mean accuracy at encoding was quite high in all three 
groups and significantly differed from chance, ps < .001.
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Next, to test whether there were age differences in 
accuracy at test, accuracy was entered into a 3 (Age 
Group: 8, 10, 12) x 3 (Pair Type: intact, rearranged, new) 
mixed ANOVA. This analysis yielded no significant effects, 
such that there was no main effect of Age Group, F (2, 
93) = 2.60, p = .079, ηp

2 = .053, Pair Type, F (2, 186) = 3.0, p  
= .050, ηp

2 = .032, or interaction, F (4, 186) = 1.80, p = .126, 
ηp

2 = .038. Given that the effect of Pair Type was on the 
cut-off of significance, we ran follow-up t-tests to explore 
this effect further. Although this effect did not remain sig
nificant once accounting for multiple comparisons, it was 
likely driven by participants being slightly more accurate 
for intact pairs than new pairs, t (95) = 2.42, p = .052 (see 

Table 1). Importantly, accuracy was quite high for all age 
groups.

To explore the primary question of whether children 
showed evidence for implicit associative memory, RT 
data from the test block were entered into a 3 (Age 
Group: 8, 10, 12) x 3 (Pair Type: intact, rearranged, new) 
mixed ANOVA, in which Pair Type was a within-subjects 
factor. This analysis yielded a main effect of Age Group, F 
(2, 93) = 33.19, p < .001, ηp

2 = .416, such that RTs were 
faster with increasing age (ps < .001). Critically, there was 
a main effect of Pair Type, F (2, 186) = 23.22, p < .001, ηp

2  

= .200, and no interaction between Age Group and Pair 
Type, F (4, 186) = 0.48, p = .751, ηp

2 = .010, BFexcl = 5.77, 
indicative of substantial evidence to exclude this inter
action from the model (see Figure 2). Follow-up pairwise 
comparisons demonstrated that the main effect of Pair 
Type was driven by faster RTs to intact pairs than 
rearranged pairs, t (95) = 6.77, p = .035, d = 0.26, indicative 
of associative memory, and faster RTs to rearranged pairs 
than new pairs, t (95) = 4.13, p < .001, d = 0.42, indicative 
of item priming. Together, these results suggest that chil
dren across all age groups showed equivalent evidence of 
implicit associative memory. 1 It is important to note that if 
this analysis is run including only accurate categorization 
trials from the test phase, the results do not change. 
These analyses are reported in the supplementary 
materials.

Figure 2. Reaction times from the implicit associative memory test.

Table 1. Means and standard deviations for implicit associative memory 
test reaction times.

8-year-olds 10-year-olds 12-year-olds

M SD M SD M SD

Intact
RT 1013 93 1013 107 1037 77
ACC 0.93 0.09 0.92 0.08 0.96 0.07

Rearranged
RT 1059 133 1061 116 1045 71
ACC 0.90 0.09 0.91 0.09 0.96 0.07

New
RT 1122 110 1120 108 1113 67
ACC 0.90 0.08 0.92 0.06 0.91 0.07

Note: RT = Reaction time in milliseconds. ACC = Accuracy as a proportion 
correct.
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Explicit associative memory

Encoding RTs were pre-processed in the same way as in 
the implicit block. There was no effect of age on RT trim
ming, F (2, 93) = 0.72, p = .490, ηp

2 = .015 (8-year-olds: 
1.34%, 10-year-olds: 1.59%, 12-year-olds: 2.02%). To 
explore potential age differences at encoding in this 
block, RTs were entered into a one-way analysis of variance 
(ANOVA). The same pattern of results emerged as in the 
implicit encoding block. There was a main effect of age 
group, F (2,93) = 23.00, p < .001, ηp

2 = .34. This main effect 
was driven by 8-year-olds (M = 1348, SD = 257) responding 
slower than both 10- (M = 1083, SD = 199), t (63) = 4.67, p  
< .001, and 12-year-olds (M = 984, SD = 190), t (60) = 6.34, 
p < .001. Ten- and 12-year-olds showed no difference in 
RT, t (63) = 2.04, p = .135. Encoding accuracy was entered 
into the same analysis, however, in this encoding block 
there was no main effect of age group, F (2,93) = 0.58, p  
= .56, ηp

2 = 01. That is, 8-year-olds (M = .89, SD = 0.10), 10- 
year-olds (M = .90, SD = 0.07), and 12-year-olds (M = .92 
SD = 0.09) responded to the object categorization ques
tion with similar accuracy.

To determine whether explicit associative memory 
differed across the age groups, d’ values were entered 
into a one-way ANOVA with age group as the independent 
variable. This analysis indicated that there was no main 
effect of age-group, F (2,93) = 2.60, p = .083, ηp

2 = .05, 
BFexcl = 1.40, suggesting only anecdotal evidence to 

exclude this variable. To further explore this effect, we 
reran the analysis with age as a continuous variable 
using children’s age in months as the independent vari
able. Age in months was positively correlated with d’, 
r = .22, p = .027, such that performance on the explicit 
associative memory task improved with age (See Figure 
3b). Further examination of the data support that these 
effects are not likely caused by older children engaging 
in an explicit memory strategy at encoding (see Sup
plementary Materials).

To explore whether this effect was driven by an age- 
related improvement in detecting previously learned 
intact pairs (i.e., hits) or better rejection of rearranged 
pairs (i.e., false alarms), two additional correlations were 
run between age in months and hits and false alarms sep
arately. These analyses indicated that the age-related 
improvement on this task was primarily driven by a 
reduction in false alarms, r = −.35, p < .001 (Figure 3d), 
and not an increase in hits, r = −.16, p = .100 (Figure 3c)2, 
closely paralleling what is commonly found in the aging lit
erature (e.g., Castel & Craik, 2003; Healy et al., 2005).

Flanker Go/No-Go task

To see if there were age differences in flanker performance, 
we first entered the RTs from correct Go trials only into a 3 
(Age Group: 8, 10, 12) x 2 (Trial Type: congruent, incongru
ent) mixed ANOVA. The results from this analysis yielded a 

Figure 3. Explicit associative memory task performance and its relationship with age.
Note. (A) Hits and false alarms on the explicit task by age group. Bars are 95% confidence intervals. (B) Scatterplot for the relationship between age in months and d-prime. (C) 
Scatterplot for the relationship between age in months and hits. (D) Scatterplot for the relationship between age in months false alarms to rearranged pairs.
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main effect of Age Group, F (2, 93) = 22.62, p < .001, ηp
2  

= .327, such that 8-year-olds were slower than 10- and 
12-year-olds, and 10-year-olds were slower than 12-year- 
olds (all ps < .001). There was additionally a main effect 
of Trial Type, F (1, 93) = 37.42, p < .001, ηp

2 = .287. All chil
dren were slower for incongruent compared to congruent 
trials, t (95) = 6.14, p < .001, d = .63 (see Table 2). There was 
no interaction between Age Group and Trial Type, F (2, 93)  
= 0.68, p = .507, ηp

2 = .014.
We next entered accuracy on the Go trials into a 3 (Age 

Group: 8, 10, 12) x 2 (Trial Type: congruent, incongruent) 
mixed ANOVA. The results from this analysis yielded 
a main effect Trial Type, F (1, 93) = 75.86, p < .001, ηp

2  

= .449, such that, all children were more accurate for 
congruent compared to incongruent trials, t (95) = 8.78, 
p < .001, d = .89. There was no main effect of Age Group, 
F (2, 93) = 0.50, p = .610, ηp

2 = .011, and no interaction 
between Age Group and Trial Type, F (2, 93) = 0.51., 
p = .604, ηp

2 = .011.
Finally, accuracy on the No-Go trials was entered into a 

one-way ANOVA with age group as the independent vari
able. This analysis did not yield a main effect of age group, 
F (2, 93) = 0.87, p = .920, ηp

2 = .002. Together, these results 
suggest that there were no age differences in attentional 
control, though eight-year-olds may have been sacrificing 
speed for increased accuracy (an issue we return to in the 
Discussion).

Exploratory analyses

Explicit associative memory and attention
The results from this experiment suggest that despite 
developmental differences in explicit memory perform
ance, all children show evidence of intact associative 
memory under implicit conditions. We argue that this 
dissociation is due to explicit memory tasks placing 
higher demands on attentional control than implicit 
tasks. Our findings support a vast literature suggesting 
that age-related improvements in associative memory 
are not due to changes in the binding mechanism itself, 
but rather the development of “strategic” or executive 
functions (Shing et al., 2010). To further test whether expli
cit associative memory is related to the development of 
executive functions, we explored whether performance 

on the Flanker-Go/No-go task was correlated with per
formance on the explicit associative memory task (i.e., d’).

Flanker interference scores were calculated for both RT 
and accuracy (incongruent–congruent) such that larger 
values represent worse performance for incongruent 
than congruent trials. Response inhibition scores were 
also calculated as the proportion of no-go trials to which 
children responded. These three attention scores were 
then correlated with d’. To account for multiple compari
sons, only p-values  = <.016 were considered statistically 
significant (Bonferroni correction). Accuracy difference 
scores on the flanker task were negatively correlated 
with d’ values, r = −.40, p < .001, (see Figure 4a), such 
that more interference on the flanker task was related to 
worse performance on the explicit memory task. RT inter
ference and no-go errors did not relate to d’ (ps > .79). To 
determine whether the relation between flanker interfer
ence and d’ was over and above the effects of age and 
RT on the task, we performed a regression analysis. RT 
was included in the analysis due to the high correlation 
between speed and accuracy in the task, indicative of a 
speed-accuracy trade-off. Congruent trials were used as 
the control variable because these trials serve as a better 
baseline on the task than incongruent trials. In the first 
model, we predicted d’ from age in months and RT on con
gruent trials. In the second model, we added the accuracy 
difference score. There was a significant improvement in 
model fit from the first to the second model, F (1, 92) =  
17.79, p < .001. In the second model, age in months 
remained a significant predictor of performance on the 
explicit associative memory task, β = .006, SE = .003, p  
= .04. Critically, interference on the flanker task also 
remained a significant predictor of performance, β =  
−2.88, SE = .703, p < .001.

Implicit associative memory and attention
We have previously shown in young adults that individual 
differences in attentional control relate to the ability to 
resolve interference from rearranged pairs on a similar 
implicit associative memory task, but not to the amount 
of priming for intact pairs (Davis et al., 2024). Thus, we 
were interested in replicating and extending this effect 
to the child sample tested here. Interference scores were 
calculated in the same way as in Davis et al. (2024): RTs 
from encoding were regressed onto RTs to rearranged 
pairs at test and the residual of this regression was used 
as the interference score. This measure effectively shows 
the degree of slowdown moving from encoding to retrie
val while accounting for any age or attention-related 
differences in baseline RT that may contribute to RT differ
ence scores (see Healey et al., 2014 for a similar approach). 
Priming was calculated in a similar way, such that RTs from 
encoding were regressed onto intact pairs at test and the 
residual of this was used as the priming score, showing the 
degree to which participants sped up moving from encod
ing to retrieval. We then correlated this interference score 
and priming score with age in months and the accuracy 

Table 2. Reaction time and accuracy means and standard deviations for the 
Flanker Go/No-go Task

8-year-olds 10-year-olds 12-year-olds

M SD M SD M SD

Go-Congruent
RT 543 92 451 76 402 56
ACC 0.87 0.09 0.89 0.08 0.90 0.08

Go-Incongruent
RT 560 103 472 82 430 77
ACC 0.81 0.13 0.82 0.11 0.83 0.12

No-Go
ACC 0.84 0.11 0.85 0.10 0.86 0.11

Note: RT = reaction time in milliseconds. ACC = Accuracy is a proportion 
correct.
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difference score from the flanker. We only used the accu
racy difference score in the current analysis because this 
measure was the only attentional score to relate to explicit 
memory.

In line with our predictions, the interference score was 
correlated with both age, r (94) = −.29, p = .004, and 
flanker interference, r (94) = .25, p = .016 (See Figure 
4b). That is, greater interference to rearranged pairs on 
the implicit associative memory task was related to 
younger age and more interference on the flanker task. 
To determine whether the relation between interference 
in the implicit task and the accuracy difference score on 
the flanker remains when controlling for age, we entered 
these variables into a regression. A model that includes 
both age in months and the accuracy difference score 
was better than the first model with just age alone, F (1, 
93) = 5.32, p = .023. In the second model, both age in 
months, β = −2.45, SE = .86, p = .006, and the accuracy 
difference score, β = 500.77, SE = 217.08, p = .023, remained 
significant predictors of interference on the implicit associ
ative memory task.

As expected, priming did not relate to age, r (94) = −.13, 
p = .196, or flanker interference, r (94) = .04, p = .725 (See 
Figure 4c). These results replicate Davis et al. (2024) and 
suggest that attention relates to children’s ability to 
resolve interference on the implicit associative memory 
task.

Discussion

Associative memory improves throughout childhood into 
young adulthood. The question of whether this improve
ment is driven by the development of associative 
binding, or attentional processes is still debated. To 
explore this question, children aged 8-, 10-, and 12- 
years-old completed separate implicit and explicit associ
ative memory tests for which the encoding task was held 
constant. Children also completed a separate attentional 
control task. For the implicit test, children of all ages 
demonstrated the expected reaction time effect (intact 
< rearranged < new; an implicit marker of associative 
memory), and there was no interaction with age. Conver
sely, on the explicit test, memory improved with age, 
and this was driven by older children making fewer 
false alarms to rearranged pairs rather than more hits 
to intact pairs. Although there were no overall age differ
ences in attentional control, attention related to perform
ance on the explicit memory task. On the implicit task, 
attention was related to the extent to which children 
slowed to rearranged pairs (indicative of worse resistance 
to interference), but not to priming for intact pairs, repli
cating the results with young adults from Davis et al. 
(2024). The current results support the view that 
improvement in children’s associative memory in late 
childhood is driven by the development of attentional 
control.

Figure 4. Scatterplots for the relationship between attention and associative memory task measures.
Note. Flanker scores are shown as an accuracy difference score such that higher scores represent more interference. (A) Relationship between flanker score and d-prime (per
formance on the explicit associative memory task). (B) Relationship between flanker score and interference to rearranged items in the implicit associative memory task. (C) 
Relationship between flanker score and priming to intact items in the implicit associative memory task.
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Our findings are in line with the two component model 
of episodic memory development (Shing et al., 2010). In 
this model, episodic memory development is proposed 
to depend on two components: associative and strategic. 
The associative component involves the mechanisms 
necessary to bind different features from an event into a 
cohesive episode. This model proposes that the associative 
component is relatively automatic and fully developed at a 
young age. The strategic component involves control 
operations that are important for several aspects of 
memory, including strategic retrieval searches and 
conflict resolution between relevant and irrelevant 
memory traces. This component is effortful, dependent 
on executive functions, and argued to show protracted 
development. Our work suggests that when memory 
tasks reduce the demands on this strategic component 
at retrieval (e.g., by testing memory implicitly), then associ
ative binding is evident in children at least as young as 
eight. Whereas tasks that require strategic retrieval (e.g., 
explicit tasks) show that performance improves between 
ages 8 and 12.

The idea that the associative component of episodic 
memory develops early is supported by research con
ducted with infants (Rovee-Collier & Cuevas, 2009; 
Saffran & Kirkham, 2018 for reviews). Several studies 
have shown that infants as young as three months can 
learn associations and retain those representations over 
long durations (e.g., Campanella & Rovee-Collier, 2005; 
Rovee-Collier et al., 1999; Sullivan et al., 1979). Some of 
the most compelling research with infants has used 
deferred imitation tasks. In these tasks, infants are shown 
an object, then an action is done to that object. After 
some time, infants are shown the object again. Infants 
who learned the object-action association tend to 
imitate that action at test, while those who were not 
shown the action do not. Both 3- and 6-month old 
infants show evidence of deferred imitation and this has 
been shown after delays of 1 day to 3 months since learn
ing (Barr et al., 1996, 2001, 2003; Campanella & Rovee- 
Collier, 2005). Infants have also been shown to exhibit rep
resentational flexibility in that they form associative chains 
across stimuli (Barr et al., 2003; Cuevas et al., 2006). For 
example, Barr et al. (2003) exposed 6-month-old infants 
to two puppets (A and B). The following day, they 
showed the infants only puppet A and performed an 
action on that puppet. On the third day, the infants were 
shown puppet B. The researchers found that infants who 
were initially exposed to puppet A and B together imitated 
the action on puppet B on day 3, while those who saw 
these puppets, but not together, did not. This work 
demonstrates that infants, as young as 3-months in 
some cases, can form and retain associative memories 
over time, suggesting that the cognitive and neural mech
anisms required to form these associations are developed 
quite early in life.

One thing that is important to consider in work with 
infants is that this age group cannot perform memory 

tasks that we typically use in children or adults (i.e., they 
cannot tell us whether they remember an item or not). 
This obstacle forces researchers to design creative para
digms, like the ones discussed above, to examine cognitive 
processes indirectly. This consideration is also true for age 
groups at other points in development. For example, to 
test associative memory, Hayne and Imuta (2011) had 3- 
and 4-year-olds play a game of hide and seek with plush 
toys, such that the child had to hide three toys in 
different locations in their house. After a delay, the chil
dren were asked to tell the researcher the order of the 
rooms they entered, and which toy and where it was 
hiding in each location. They found that when 3- and 4- 
year-olds were asked to verbally answer these questions, 
4-year-olds outperformed the 3-year-olds, suggesting on- 
going development of associative binding processes. 
However, when the children were told to show the 
researcher where they went first (and next), 3- and 4- 
year-olds had equivalent performance. This finding 
suggests that memory for temporal order and toy-location 
binding was in place by three, but reliance on verbal recall 
underestimated their performance. These studies (and 
ours) suggest that the associative binding mechanism is 
in place early on, but whether you see this kind of learning 
depends on how you test for it.

Given the age differences in performance on the 
implicit versus explicit associative memory tasks, it is 
curious that we did not see an age-related improvement 
on the attentional control task. It is possible that age- 
related improvements on this task may have been 
masked by a speed-accuracy trade off. Speed and accuracy 
on the task were highly correlated, such that slower speed 
resulted in higher accuracy. Given that there was an overall 
age difference in reaction time (children responded faster 
with increasing age), it is possible that younger children 
compensated for their performance by slowing down. Cri
tically, performance on the attentional control task related 
to recognition on the explicit memory task over and above 
the effects of age, supporting the prediction that atten
tional control contributes to performance on explicit 
associative memory tasks. However, it should be noted 
that our experiment was not specifically designed to inves
tigate individual differences. Future research should con
sider using a battery of tasks to obtain a more stable 
estimate of an individual’s attentional control capacity. 
Further, it is better to include tasks that use accuracy as 
an outcome measure (see Draheim et al., 2021) because 
reaction time difference scores suffer from low reliability 
and cannot account for speed-accuracy trade-offs; this 
latter issue may be especially problematic in developmen
tal research (Draheim et al., 2019).

Another limitation of the current experiment is that 
despite trying to completely remove attentional 
demands from the implicit associative memory test, our 
implicit task still required some attentional resources. 
Rearranged pairs contained familiar items that required 
participants to inhibit previously learned associations so 
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they could accurately respond to the task at hand (i.e., 
answer if the items fit in a desk drawer). We demonstrated 
that the extent of this slowing was related to attentional 
control. This interference may explain why, numerically, 
12-year-olds showed a smaller difference in RTs between 
intact and rearranged pairs than 8-year-olds, as the older 
children should have been better able to overcome this 
interference. This finding is in line with the results from 
Davis et al. (2024) who used a similar paradigm to 
explore to the role of attention for both target-target 
and target-distractor associative pairs. In that study, par
ticipants were faster to respond to intact than rearranged 
picture-word pairs and attentional control was negatively 
related to size of this RT difference. This effect was 
driven only by the extent to which those with low levels 
of attentional control were slowed to rearranged pairs rela
tive to encoding, not the extent to which they sped up to 
intact pairs (i.e., priming). Thus, it is important to consider 
that this implicit test is not process pure and still requires 
attention to overcome interference from rearranged pairs 
at retrieval. That said, the extent of the attentional 
resources required to complete this implicit task are still 
less than the resources needed to complete the explicit 
task.

Based on this body of work, associative memory devel
opment may be driven primarily by increased attentional 
capabilities with age. However, this does not mean that 
it is the only driver of age-related improvement. Knowl
edge may also be key (Bjorklund, 1987; Schneider, 1993). 
Few studies assessing episodic or associative memory in 
children consider the role of knowledge in memory for
mation and retrieval. It is well-known that semantic knowl
edge helps us scaffold our experiences, such that 
experiences congruent with our schemas of the world 
can be readily predicted and are better remembered 
(Gilboa & Marlatte, 2017; van Kesteren et al., 2012 for 
reviews). Children, who are rapidly developing knowledge 
about the world, may have limited experience to scaffold 
their experiences, which in turn affects their ability to 
form cohesive episodes (Sipe & Pathman, 2021). As such, 
children do better on cognitive tasks that are perceptual 
in nature, than when they are semantic in nature (Barry, 
2007; Mecklenbräuker et al., 2003). Other work has 
shown that if children are experts in the topic (e.g., favour
ite cartoon characters, experience with the particular 
event), then they may even out-perform adults in 
memory tasks (Lindberg, 1980; Ornstein et al., 2006), 
suggesting that knowledge can support their memory. 
Together, this work suggests that a two-component 
model may be insufficient to describe the development 
of episodic memory and that increases in semantic knowl
edge with age should also be considered. In our study, we 
did not explicitly test for children’s semantic knowledge of 
the objects that they saw. That said, categorization accu
racy for these highly familiar objects was quite high (> 
90%), and the difference between the explicit and implicit 
tests should not be driven by knowledge as the objects 

were counterbalanced across blocks and conditions. 
Future work should consider this aspect of memory to 
directly explore the influence of knowledge on memory 
during development.

In conclusion, the current study suggests that when 
tested implicitly, the ability to form associations (i.e., 
associative binding) is established in children as young 
as eight, and does not change with age. In contrast, explicit 
memory for associations increases from age 8 to 12, and is 
related to a separate measure of attention, suggesting that 
attentional control develops during this period and in turn, 
improves children’s associative memory. Our results 
suggest that how we test memory is important. When 
exploring the development of different cognitive pro
cesses, there needs to be an understanding that our 
tasks measure both the cognitive processes we care 
about, but also other cognitive processes that we may 
not. This may be especially important when our tasks 
place additional attentional demands on populations 
that have either underdeveloped attention (i.e., children) 
or attentional deficits (e.g., older adults, those with atten
tion deficit disorder). Future work should try to use implicit 
measures, as we did here, or other behavioural outcome 
measures (e.g., eye tracking) that might be able target 
the cognitive mechanism in question.

Notes
1. If this analysis is run with age (in months) as a continuous vari

able the results remain the same.
2. When the twelve-year-old participant with an outlying hits 

score was removed, the result stayed the same. There was 
no relationship between age in months and hits, r = -.11, p   
= .30.
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