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ABSTRACT

Item recognition and temporal order memory follow different devel-
opmental trajectories during middle childhood, with item recognition
performance stabilizing and temporal order memory performance
continuing to improve. We investigated the potential unique role of
individual executive functions on item recognition and temporal order
memory during this critical developmental period. Our results repli-
cate and expand on previous findings, suggesting that executive
functions, specifically inhibitory control and working memory, may
be more crucial for successful temporal order memory than for item
recognition during middle childhood.

Memory is a flexible process that exists at varying levels of complexity. For example during
recognition tasks, participants are shown a series of images (i.e., memory encoding; Melton,
1963; Tulving & Thomson, 1973) then asked to indicate if they have seen a presented item
or image before (old/new judgment; Egan, 1958). This task may be made more complex by
manipulating the stimuli, such as showing an image of a blue car during the image
presentation but then testing with both a blue and a red car. Another method of increasing
complexity is to ask participants to retrieve (i.e., remember; Melton, 1963; Tulving &
Thomson, 1973) additional contextual elements related to the presented images (e.g.,
shown a black and white car during test and asked to indicate the color from image
presentation). These added task manipulations all share one common component: context.
In order to be successful, participants must retrieve the contextual information, rather than
rely on there cognition of the item alone, in order to be successful. Perhaps not surprisingly,
the addition of context questions results in poorer performance when compared to general
old/new judgments. Source theories of human memory posit that two primary processes
account for observed performance differences: item and contextual (e.g., temporal) memory
(Glisky, Polster, & Routhieaux, 1995; Shimamura & Squire, 1987). Item memory involves
remembering a specific item while contextual memory is remembering the context in which
the item appeared. For example, if a child is shown an image of a duck with a red border and
a cow with a blue border then their item memory would be that they saw a duck and cow.
Their contextual memory would involve additional details, such as they saw a red border
with a duck and a blue border with a cow (item-color context association) or they saw the
duck first and then the cow (item-temporal context association).
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Differences in item recognition and temporal order memory performance are especially
pronounced in childhood, when neural regions (Ghetti & Lee, 2014; Riggins, Blankenship,
Mulligan, Rice, & Redcay, 2015) and behavioral strategies, such as ordering memories based
on goals (Blankenship & Kibbe, 2019) and clustering (Horn, Bayen, & Michalkiewicz, 2021),
are still developing. Indeed, early childhood (<6 years) has received a great amount of
attention, with many researchers focusing on the emergence and development of contextual
memory for sources (Drummey & Newcombe, 2002; Rajan, Cuevas, & Bell, 2014; Riggins,
Rollins, & Graham, 2013) and time (Mooney, Johnson, Prabhakar, & Ghetti, 2021). Middle
childhood (6-9 years) has received considerably less attention. This is surprising given that
the research that does exist suggests considerable improvements in contextual memory
compared to item memory from early to middle childhood (Ghetti & Angelini, 2008; Ghetti
& Bunge, 2012; Rhodes, Murphy, & Hancock, 2011). The development of contextual
memory is dependent on the type of information children are asked to retrieve, with
temporal memory showing more protracted development when compared to item
(Pathman & Ghetti, 2014) and spatial memory (Picard et al., 2012).

One factor that may be driving the development of temporal memory is the ability to
exert control over cognitive processes (i.e., cognitive control). Cognitive control is essential
for typical functioning, contributes to fundamental cognitive processes (e.g., episodic
memory or detail rich memory; Blankenship & Bell, 2015; de Chastelaine, Friedman, &
Cycowicz, 2007; Raj & Bell, 2010; Rajan & Bell, 2015; Tulving, 1972), and displays
a protracted development throughout childhood (Davidson, Amso, Anderson, &
Diamond, 2006), as observed with temporal memory. Executive functions (EF) are often
used to describe the underlying mechanisms driving cognitive control (Diamond, 2013). EF
as a unitary construct has been associated with contextual memory during middle child-
hood (Rajan & Bell, 2015). Evidence suggests, however, that while these processes often
operate in a unitary manner, they also serve distinct functions (Miyake et al., 2000). For
example, Blankenship and Bell (2015) reported that cognitive flexibility (flexibly switch
between mental sets), but not inhibitory control (suppress dominant response) or working
memory (maintain and manipulate information) contributed to episodic memory in
a sample of 9-12-year-old children. Their findings may have partially been driven by the
memory task used (i.e., cued recall). The task required children to recall images that were
associated with a specific border color. This item to color matching may not require the
same EFs as temporal order memory. The need to order a set of memories based on
temporal information may be more demanding on working memory and inhibitory control
mechanisms than item to color matching. Given these findings, investigating the unique
roles of the components of EF may provide insight into the differences observed in temporal
order and item recognition memory during middle childhood.

Each EF component is believed to serve both coupled and distinct functions in regards to
cognitive control. Inhibitory control regulates responses, such as suppressing a dominant or
prepotent response in favor of another more appropriate response. The ability to suppress
dominant responses is necessary during memory tasks because of potential interference
during memory encoding (e.g., not being distracted by stimuli in the environment) and
retrieval (e.g., not being distracted by environmental stimuli and internal memory inter-
ference; Collette, Germain, Hogge, & Van der Linden, 2009; Wimber, Rutschmann,
Greenlee, & Bduml, 2009). Working memory allows for information to be maintained
and manipulated. In fact, information is brought into long-term memory and later retrieved
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through the maintenance and manipulation provided by working memory (Baddeley, 2000;
Tulving, 1972). Finally, cognitive flexibility allows for quick and efficient shifts in cognitive
processing. This is essential for effective memory encoding and retrieval, because it allows
for changes to be made between potential memory strategies (i.e., allowing for the most
effective strategy to be selected; Cosden, Ellis, & Feeney, 1979; Taconnat et al., 2009).

Given the association between unitary EF (Rajan & Bell, 2015), and individual compo-
nents of EF (Blankenship & Bell, 2015), to episodic memory, it is likely they also serve
unique roles to item recognition and recognition requiring context retrieval (i.e., temporal
order). Temporal order memory judgment follows a developmental trajectory more similar
to EF than item recognition. Due to the developmental similarities between contextual
memory and EFs in general, we anticipate that the components of EF will contribute to
temporal order memory in a more uniform manner (i.e., all components will contribute)
compared to item recognition. Although temporal order memory may be more dependent
on EFs, it is likely that working memory will contribute to both components, given its role
in general retrieval. Inhibitory control and cognitive flexibility, however, are less likely to be
critical for item recognition performance, as these processes occur when there is conflict
and increased strategy use, which may be less needed when engaging in item recognition, as
it is less effortful than temporal order memory (Blankenship, Keith, Calkins, & Bell, 2018;
Cabeza, Anderson, Houle, Mangels, & Nyberg, 2000). To better understand the develop-
ment of item recognition and temporal order memory during middle childhood, we
investigated the unique contributions of working memory, inhibitory control, and cognitive
flexibility during the later half of middle childhood (i.e., 9-years).

As noted, item recognition and temporal memory are distinct processes that support
memory retrieval. Critically, temporal recollection continues to improve throughout middle
childhood (Ghetti & Angelini, 2008), and into adolescence, while item memory seems to
stabilize around 9 years (Picard et al., 2012). In the following study, we addressed these
performance differences by examining how individual EFs (inhibitory control, working
memory, and cognitive flexibility) differentially contribute to item recognition and tem-
poral order memory in a sample of 9-year-old children. We focused on this age because
item recognition ability is believed to stabilize at this point while temporal order memory
ability is continuing to mature (Picard et al., 2012). We had two primary aims. First, we
wanted to investigate performance differences in 9-year-old item recognition and temporal
order memory performance. Previous work suggests that item recognition tasks are com-
pleted with more ease than context-dependent tasks in children (Blankenship & Bell, 2015;
Blankenship et al., 2018; Ghetti & Angelini, 2008; Picard et al., 2012) and adults (for review
see Yonelinas, 1994). We aimed to replicate this finding using a task that taps into item
recognition and temporal order memory. We hypothesized that children would perform
better, and respond faster, on item recognition compared to temporal order questions.
Second, we aimed to replicate previous findings suggesting a relation between EF and
context dependent memory (Blankenship & Bell, 2015; Picard et al., 2012; Rajan & Bell,
2015) by investigating the predictive roles of inhibitory control, working memory, and
cognitive flexibility on item recognition and temporal order memory performance.
Working memory is essential for general memory encoding and retrieval, whereas inhibi-
tory control and cognitive flexibility are more important for encoding and retrieval strategy
selection (Taconnat et al., 2009; Wimber et al., 2009). Therefore, we hypothesized working
memory would predict both item recognition and temporal order memory performance,
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but that inhibitory control and cognitive flexibility would only contribute to temporal order
memory. Critically, this replication will advance our understanding of the unique role of
individual EFs on temporal order memory in a large sample of 9-year-old children. Previous
studies have relied on smaller samples (Blankenship & Bell, 2015; Picard et al., 2012) and
aggregated their analyses across a broad age range (4-16 year; Picard et al.,, 2012). Our
method will help elucidate the unique contributions during a period associated with rapid
improvement in temporal memory (i.e., middle childhood; Picard et al., 2012).

Method
Participants

Our sample was comprised of 204 children (M = 9.51, SD = 0.50; 48% Female) who were
part of two cohorts from an on-going longitudinal study on cognition and emotion. The
two cohorts were recruited at two research locations. Eighty children were seen at the
Blacksburg, Virginia location, while the remaining 124 children were seen at the
Greensboro, North Carolina location. The children came from a diverse racial background
with 15.7% reported as Black or African American by their parents, 8.3% as more than one
race, .5% as Asian, and 75.5% as White. Regarding parent education, 78% of fathers and
91.2% of mothers completing some form of education beyond high school. Parents received
a $75 gift certificate and children received a $20 gift certificate, as well as a small gift.

Procedure

Identical protocols were used at both data collection locations. Research assistants from
each location were trained together by the project’s Principal Investigator (the 3rd author)
on protocol administration, as well as on data collection and coding. Upon arrival at the
research laboratory, a research assistant explained the study procedures and obtained verbal
and signed assent from the child and signed consent from the mother. After a brief warm-
up period, children participated in a variety of behavioral tasks assessing cognitive and
emotional development, including the tasks that are the focus of the current report. The
session video feed was digitally recorded for later behavioral coding.

Memory task

Memory was assessed using a task adapted from the Corsi-Milner memory task (Milner,
Corsi, & Leonard, 1991). Prior to the start of the task children completed practice trials to
ensure understanding. During practice, three standardized images (Bank of Standardized
Stimuli; Brodeur, Dionne-Dostie, Montreuil, & Lepage, 2010) were shown sequentially then
children were requested to make an item recognition selection between two images one of
which was part of the sequence of images and another that was new (i.e., item recognition;
“Which of these images have you seen before?”). Children repeated this sequence until they
answered correctly. After completing the item recognition practice, they saw three different
images sequentially and were requested to make a temporal order selection between two
images one of which they saw at beginning of the sequence and the other at the end (ie,
temporal order; “Which of these images have you seen most recently?”). Again, the
sequence was repeated until they answered correctly. After children answered both the
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item recognition and temporal order questions correctly and appeared to understand the
task, they began the first test block.

The task was separated into four blocks. Each block began with a sequential presentation
of 25 images, resulting in 100 images total, each image was shown for 1.5 seconds with
a 1 second intertrial interval. Following the image presentation, participants were immedi-
ately prompted to begin answering questions. The questions consisted of two images
denoted with A or B and the participants indicated the correct answer using the keyboard.
A total of 5 item recognition and 5 temporal order questions were asked in each block,
resulting in a total of 20 questions for each condition. Importantly, the images used in the
item recognition questions did not overlap with the images used in the temporal order
questions. The task was programed using SuperLab 4.5 (SuperLab Pro Edition) software
developed by Cedrus, and the variables of interest were proportion correct for both item
recognition and temporal order questions. See Figure 1 for examples of temporal order
(Figure 1a) and item recognition (Figure 1b) questions.

Inhibitory control task

Inhibitory control was assessed using a computerized number Stroop task (Ruffman et al.,
2001). The task was separated into three conditions: letters, numbers, and mixed. We
focused on the mixed condition of this task, because it induces the most conflict, and
thus need for inhibitory control, as it includes trials from both the letters and numbers
conditions. Prior to the start of the task children completed practice trials to ensure
understanding. During mixed test trials, children were told to count either letters
(“AAAA” = 4) or number digits (“3333” = 4) that appeared on the computer screen and
to indicate their response as quickly as possible on the keyboard. The inclusion of both the
letter and digit conditions required the most conflict resolution because children had to
rapidly shift responses from the easier letter condition to the harder digit condition. The
variable of interest was the reaction time for responses during mixed test trials.

Working memory task

Working memory was assessed using a backwards digit span (BDS) task. Our BDS task
was based on the version given in the Wechsler Intelligence Scale for Children-Revise
(WISC-R; Wechsler, 1974). Prior to the start of the task, two practice BDS trials were

Which picture did you see most recently? Which picture have you seen before?
A B A B

(2) (b)

Figure 1. Examples of questions given in memory task. (a) is an example of a temporal order question,
while (b) is item recognition.
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given to ensure understanding. During the test trials, children were initially presented
with two digits and instructed to repeat the sequence backwards. Attempt at recall of the
same digit span with at least one correct trial for two trials was required before lengthen-
ing the span by one digit. The digit span was lengthened until errors were produced on
two consecutive trials of the same span. The variable of interest was the highest digit
successfully answered.

Cognitive flexibility task

Cognitive flexibility was assessed using a computerized version of the Wisconsin Card
Sorting Task (WCST-64; Heaton & PAR staff, 2003). During the task, children were
instructed to sort cards by matching the stimulus card, at the bottom of the screen, with
one of four key cards at the top of the screen. Contrary to adult instruction and to prevent
floor effects, children were further instructed to sort cards based on three dimensions (color,
shape, and quantity). After children sorted the cards correctly for a period of time the
dimension used to sort the cards changed (e.g., from color to shape), and they had to flexibly
change their strategy in order to be successful on the task. The variable of interest was
perseverative errors. Perseverative errors are made by continuously using the same match-
ing rule even after receiving feedback that the rule was no longer correct. This variable taps
into cognitive flexibility (Miyake et al., 2000).

Verbal 1Q proxy

Verbal IQ was measured using The Peabody Picture Vocabulary Test IV (PPVT; Dunn &
Dunn, 2007). The PPVT is a measure of both receptive vocabulary and verbal comprehen-
sion; it is often used as a proxy for verbal IQ. Because intelligence is typically correlated with
EFs and memory performance, we controlled for this variable in our analyses. The PPVT is
a nationally standardized instrument, and the measure of interest was participants’ stan-
dardized score.

Results
Comparison of item recognition and temporal memory performance

First, we compared performance on both the item recognition and temporal memory
questions to chance levels (50% proportion correct). Children’s performance was above
chance on both item recognition (M = 89% correct, SD = 13.2%), #(200) = 46.44, p < .001
and temporal order (M = 62% correct, SD = 12.1%), t(200) = 12.89, p < .001. This suggests
that children were able to successfully use both item recognition and temporal order to
make memory judgments.

To investigate the level of difficulty for temporal order compared to item recognition
trials, we ran independent samples t-tests, one comparing proportion correct performance
between item recognition and temporal order test trials and another comparing the
children’s reaction time for each condition (i.e., the amount of time for them to make
a response to a test question). In terms of overall accuracy, children performed better on
item recognition than temporal order questions, #(200) = —21.12, p < .001. In terms of
reaction time, children responded faster to item recognition (M = 3752 ms, SD = 1223 ms)
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than temporal order (M = 4232 ms, SD = 1552 ms) questions, #200) = 7.55, p < .001.
Together these results suggest that temporal order trials were more challenging for 9-year-
olds than recognition trials.

Correlations among study variables

For descriptive statistics and correlations refer to Table 1. Briefly, children reproduced an
average highest digit of 3.81 (SD = .99) on the working memory task (i.e., BDS), an average
reaction time of 2295 ms (SD = 589 ms) on the inhibitory control task (i.e., Stroop), and an
average of 11.46 (SD = 5.32) perseverative errors on the cognitive flexibility task (i.e.,
WCST). Out of the 204 children in the study, one did not complete the memory and
inhibitory control task, two did not complete the memory task, and three did not complete
the inhibitory control task. Verbal IQ was positively correlated with both item recognition
and temporal order performance. Inhibitory control was negatively correlated to temporal
order performance, which is expected given that faster RT’s suggest better inhibitory
control, but was not correlated with item recognition performance. Working memory
performance was positively correlated with both item recognition and temporal order
performance. Finally, cognitive flexibility was not correlated with either item recognition
or temporal order performance.

Contributions of executive functions to memory performance

Hierarchical regressions were used to examine the contributions of inhibitory control,
working memory, and cognitive flexibility to item recognition and temporal order.Verbal
IQ (i.e, PPVT) was entered into the first step of each equation, to control for potential
effects of verbal IQ on item recognition and temporal order performance. Inhibitory
control, working memory, and cognitive flexibility were entered into the second step of
each equation, to investigate potential unique contributions of each component of EF on
item recognition and temporal order performance.

Verbal IQ Step 1 accounted for 7% of the variance in item recognition performance. The
variables in Step 2 accounted for an additional nonsignificant 2% of the variance in item
recognition performance (see Table 2). These results suggest that individual executive
functions do not contribute to item recognition performance, above and beyond verbal 1Q.

Verbal IQ Step 1 accounted for 10% of the variance in temporal order performance. The
variables in Step 2 accounted for an additional significant 7% of the variance in temporal
order performance (see Table 3), with inhibitory control (2%) and working memory (3%)

Table 1. Correlations and descriptive statistics.

Variables 1 2 3 4 5 6

1. Item Recognition -

2. Temporal Order 355%** -

3. Inhibitory Control —-.097 —.206** -

4. Working Memory 153% .286*** —-.166* -

5. Cognitive Flexibility —-.099 —-.134 —-.041 -0 -

6. Verbal 1Q 2571%%* 327 -.176* 273%** —.066 -
Mean 895 620 2295.244 3.814 11.456 112.706

SD 121 31 589.322 .995 5.321 14.880
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Table 2. Hierarchical regression analyses of executive functions predicting item recognition performance.

R R? R%A FA F B t sr?
Step 1: .26 .07 14.09%**
Verbal IQ Proxy .26 3.75%** .07
Step 2: 29 .09 .02 133 4.54%x*
Verbal 1Q Proxy 22 3.00%* .04
Inhibitory Control —-.04 —-.63 .00
Working Memory .10 1.35 .01
Cognitive Flexibility -.09 -1.29 .01

#%p < 001; **p < .01; *p < .05. (n = 198).

contributing unique variance. These results suggest that inhibitory control and working
memory contribute to temporal order performance, above and beyond verbal IQ.

Discussion

We investigated 9-year-old children’s memory performance on a recognition task designed
to tap into item recognition and temporal order memory, and how inhibitory control,
working memory, and cognitive flexibility differentially contributed to these memory
measures. We had two primary aims. First, we aimed to validate our recognition task by
demonstrating it displayed performance patterns observed in item recognition and tem-
poral order memory tasks. Specifically, we hypothesized that 9-year-olds would perform
better and react faster on questions measuring item recognition than temporal order. Our
findings support our hypothesis, replicating tasks comparing item recognition and temporal
order performance (Blankenship et al., 2018; Picard et al., 2012).

We also investigated the contributions of individual EF on item recognition and temporal
order memory performance in 9-year-old children, a critical developmental period for both
temporal order memory (Billingsley, Smith, & McAndrews, 2002; Picard et al., 2012) and EF
(Davidson et al. 2006). We had two primary hypotheses under this aim. First, we hypothe-
sized that working memory would contribute to both item recognition and temporal order
memory, given the necessary role of working memory for long term memory encoding and
retrieval. We partially supported this hypothesis, with working memory contributing to
temporal order, but not item recognition performance. This was surprising but could
potentially suggest that item recognition is less dependent on working memory than tem-
poral order memory. Indeed, item recognition has been argued to be an unconscious,
automatic process (Wagner, Gabrieli, & Verfaellie, 1997), which might not require effortful
memory processes such as working memory. Working memory did, however, contribute to
temporal order memory performance. Retrieval and ordering of temporal details is an

Table 3. Hierarchical regression analyses of executive functions predicting temporal order performance.

R R R%A FA F B t st
Step 1: 32 .10 22.25%**
Verbal 1Q Proxy 32 4.72%%% .10
Step 2: 41 A7 .07 5.371%* 9.971%**
Verbal 1Q Proxy .23 3.39%** .05
Inhibitory Control -.14 -2.01* .02
Working Memory 19 2.75%* .03
Cognitive Flexibility -.12 -1.78 .01

**¥p <.001; **p < .01; *p < .05. (n = 198).
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effortful process because it may require vivid retrieval and ordering of context-dependent
memories (Deker & Pathman, 2021; Picard et al., 2012), relying on working memory.

Second, we hypothesized that inhibitory control and cognitive flexibility would both
contribute to temporal order memory, but not item recognition. Our findings partially
supported this hypothesis. Inhibitory control (measured via reaction time) contributed
unique variance to temporal order memory, but not item recognition, performance.
Cognitive flexibility, however, did not contribute to either memory measure. Inhibitory
control has previous been linked to successful temporal processing, but with a focus on
adults (Cabeza et al., 2000; Cabezas & Carriedo, 2020). Our work expands this connection
by examining the relation between inhibitory control and temporal order memory during
middle childhood, a period when both of these processes are undergoing rapid develop-
ment. Our focus on a specific age (9 years) where temporal memory ability improves (Picard
et al., 2012) allows for a more precise observation of this relation during middle childhood.

The link between inhibitory control and temporal order memory may be partially
explained by the need to suppress interference, which is necessary for successful temporal
order memory judgments. This suppression may have been especially important during our
task, because we required children not only to retrieve memories but to also make temporal
judgments. Organization of the temporal order of memories is dependent on cognitive
control mechanisms (Cabeza et al., 2000; Picard et al., 2012), including working memory
and inhibition. For example, extraction of the relevant information from memories (i.e., the
accurate memories and their temporal order) requires inhibition of the irrelevant informa-
tion, while the reordering of the relevant memories likely occurs within working memory.
The lack of relation between cognitive flexibility and temporal order was not expected.
Indeed, previous work found that cognitive flexibility was critical to episodic memory tasks
requiring recall (Blankenship & Bell, 2015). One explanation is that successful recall
requires more flexible strategy use than recognition. For example, previous work with
elderly adults found that their word list recall performance was negatively impacted by
their lack of strategy use (i.e., clustering; Taconnat et al., 2009), which in turn was associated
with cognitive flexibility. Further, similar strategies have been found to improve recall, but
not recognition performance (Channon, Baker, & Robertson, 1993). Together, these studies
suggest that cognitive flexibility may be more critical for recall than recognition memory
because success on recall tasks requires greater strategy use. Future research should further
examine the relationship between cognitive flexibility and episodic memory on a variety of
measures to elucidate these observed differences.

Together our results may suggest that developmental improvements in inhibitory control
and working memory capacities may contribute to the improvements observed in temporal
order memory during middle childhood. The developmental maturation of inhibitory
control and working memory may result in more mature strategies and efficient encoding
and retrieval of episodic memories, resulting in better temporal order memory. While our
study provides support for this account, we did not examine this relationship longitudinally
across middle childhood. Future research should examine the relationship between inhibi-
tory control, working memory, cognitive flexibility, item recognition, and temporal order
memory longitudinally across middle childhood to better understand how individual EF
supports episodic memory development.
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Our findings may also have implications for the dual process literature, which separates
recognition memory into recollection (vivid retrieval of details/context) and familiarity
(sense of experiencing something before; Yonelinas, 2002). Similar to temporal order and
item recognition memory, recollection develops more slowly than familiarity, with famil-
iarity stabilizing around the same age (i.e., 8 years; Ghetti & Angelini, 2008) as item
recognition (i.e., 9 years; Picard et al, 2012). Familiarity is also less effortful than recollec-
tion, so it possible these memory processes would have similar relations with EFs as was
observed with item recognition and temporal memory, respectively. Future studies should
directly examine how EFs may differentially contribute to these similar memory processes.

In sum, we replicated previous studies by finding a relation between context-dependent
memory and executive functions (e.g., Blankenship & Bell, 2015; Picard et al., 2012). Our study
extends beyond previous work by examining the contributions of EF to both temporal order
memory and item recognition during a developmental period associated with rapid improve-
ment in temporal memory performance. We found evidence that EFs, specifically inhibitory
control and working memory, are more crucial for successful temporal memory performance
compared to item recognition in a sample of 9-year-olds. These findings may provide insight
into the developmental differences observed between item recognition and temporal memory,
and suggests that the protracted development of temporal memory may be partially explained
by developmental changes in inhibitory control and working memory abilities.

Acknowledgments

The content of this manuscript is solely the responsibility of the authors and does not necessarily
represent the official views of the NICHD or the National Institutes of Health. We are grateful to the
families who participated in our study.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research reported in this manuscript was supported by grant HD049878 from the Eunice
Kennedy Shriver National Institute of Child Health and Human Development (NICHD) awarded
to the Martha Ann Bell.

ORCID

Susan D. Calkins (1) http://orcid.org/0000-0001-7680-8266

References

Baddeley, A. (2000). The episodic buffer: A new component ofworking memory?. Trends in cognitive
sciences, 4(11), 417-423.

Billingsley, R. L., Smith, M. L., & McAndrews, M. P. (2002). Developmental patterns in priming and
familiarity in explicit recollection. Journal of Experimental Child Psychology, 82(3), 251-277.
doi:10.1016/S0022-0965(02)00007-3


https://doi.org/10.1016/S0022-0965(02)00007-3

JOURNAL OF COGNITION AND DEVELOPMENT ‘ 1

Blankenship, T. L., & Bell, M. A. (2015). Frontotemporal coherence and executive functions con-
tribute to episodic memory during middle childhood. Developmental Neuropsychology, 40(7-8),
430-444. doi:10.1080/87565641.2016.1153099

Blankenship, T. L., Keith, K., Calkins, S. D., & Bell, M. A. (2018). Behavioral performance and neural
areas associated with memory processes contribute to math and reading achievement in 6-year-old
children. Cognitive Development, 45, 141-151. doi:10.1016/j.cogdev.2017.07.002

Blankenship, T. L., & Kibbe, M. M. (2019). Examining the limits of memory-guided planning in
3-and 4-year olds. Cognitive Development, 52, 100820. doi:10.1016/j.cogdev.2019.100820

Brodeur, M. B., Dionne-Dostie, E., Montreuil, T., & Lepage, M. (2010). The Bank of Standardized
Stimuli (BOSS), a new set of 480 normative photos of objects to be used as visual stimuli in
cognitive research. PloS One, 5(5), 5. doi:10.1371/journal.pone.0010773

Cabeza, R., Anderson, N. D., Houle, S., Mangels, J. A., & Nyberg, L. (2000). Age-related differences in
neural activity during item and temporal-order memory retrieval: A positron emission tomogra-
phy study. Journal of Cognitive Neuroscience, 12(1), 197-206. doi:10.1162/089892900561832

Cabezas, M., & Carriedo, N. (2020). Inhibitory control and temporal perception in cerebral palsy.
Child Neuropsychology, 26(3), 362-387. doi:10.1080/09297049.2019.1656712

Channon, S., Baker, J. E., & Robertson, M. M. (1993). Effects of structure and clustering on recall and
recognition memory in clinical depression. Journal of Abnormal Psychology, 102(2), 323.
doi:10.1037/0021-843X.102.2.323

Collette, F., Germain, S., Hogge, M., & Van der Linden, M. (2009). Inhibitory control of memory in
normal ageing: Dissociation between impaired intentional and preserved unintentional processes.
Memory, 17(1), 104-122.

Cosden, M. A, Ellis, H. C., & Feeney, D. M. (1979). Cognitive flexibility-rigidity, repetition effects, and
memory. Journal of Research in Personality, 13(4), 386-395. doi:10.1016/0092-6566(79)90002-3
Davidson, M. C., Amso, D., Anderson, L. C., & Diamond, A. (2006). Development of cognitive
control and executive functions from 4 to 13 years: Evidence from manipulations of memory,

inhibition, and task switching. Neuropsychologia, 44(11), 2037-2078.

de Chastelaine, M., Friedman, D., & Cycowicz, Y. M. (2007). The development of control processes
supporting source memory discrimination as revealed by event-related potentials. Journal of
Cognitive Neuroscience, 19(8), 1286-1301. do0i:10.1162/jocn.2007.19.8.1286

Deker, L., & Pathman, T. (2021). Did I visit the polar bear before the giraffe? Examining memory for
temporal order and the temporal distance effect in early to middle childhood. Applied Cognitive
Psychology, 35(3), 785-794. doi:10.1002/acp.3804

Diamond, A. (2013). Executive functions. Annual review of psychology, 64, 135-168.

Drummey, A. B.,, & Newcombe, N. S. (2002). Developmental changes in source memory.
Developmental Science, 5(4), 502-513. d0i:10.1111/1467-7687.00243

Dunn, L., & Dunn, D. M. (2007). PPVT-4:Peabody Picture Vocabulary Test. Johannesberg, South
Afrika: Pearson Education.

Egan, J. P. (1958). Recognition memory and the operating characteristic (Tech. Note AFCRC-TN-58-
51). Bloomington, IN: Indiana University, Hearing and Communication Laboratory.

Ghetti, S., & Angelini, L. (2008). The development of recollection and familiarity in childhood and
adolescence: Evidence from the dual-process signal detection model. Child Development, 79(2),
339-358. doi:10.1111/j.1467-8624.2007.01129.x

Ghetti, S., & Bunge, S. A. (2012). Neural changes underlying the development of episodic memory
during middle childhood. Developmental cognitive neuroscience, 2(4), 381-395.

Ghetti, S., & Lee, J. K. (2014). The development of recollection and familiarity during childhood:
Insight from studies of behavior andbrain. In P. J. Bauer & R. Fivush (Eds.), The Wiley handbook
on the development of children’s memory (pp. 309-335). Wiley Blackwell.

Glisky, E. L., Polster, M. R., & Routhieaux, B. C. (1995). Double dissociation between item and source
memory. Neuropsychology, 9(2), 229. doi:10.1037/0894-4105.9.2.229


https://doi.org/10.1080/87565641.2016.1153099
https://doi.org/10.1016/j.cogdev.2017.07.002
https://doi.org/10.1016/j.cogdev.2019.100820
https://doi.org/10.1371/journal.pone.0010773
https://doi.org/10.1162/089892900561832
https://doi.org/10.1080/09297049.2019.1656712
https://doi.org/10.1037/0021-843X.102.2.323
https://doi.org/10.1016/0092-6566(79)90002-3
https://doi.org/10.1162/jocn.2007.19.8.1286
https://doi.org/10.1002/acp.3804
https://doi.org/10.1111/1467-7687.00243
https://doi.org/10.1111/j.1467-8624.2007.01129.x
https://doi.org/10.1037/0894-4105.9.2.229

12 (&) T.L BLANKENSHIP ET AL.

Heaton, R. K. (2003). PAR Staff. Wisconsin Card Sorting Test: Computer version 4. Odessa, FL:
Psychological Assessment Resources.

Horn, S. S., Bayen, U. J., & Michalkiewicz, M. (2021). The development of clustering in episodic
memory: A cognitive# modeling approach. Child development, 92(1), 239-257.

Melton, A. W. (1963). Implications of short-term memory for a general theory of memory. Journal of
Verbal Learning and Verbal Behavior, 2(1), 1-21. doi:10.1016/50022-5371(63)80063-8

Milner, B., Corsi, P., & Leonard, G. (1991). Frontal-lobe contribution to recency judgments.
Neuropsychologia, 29(6), 601-618. doi:10.1016/0028-3932(91)90013-X

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & Wager, T. D. (2000). The
unity and diversity ofexecutive functions and their contributions to complex “frontal lobe”tasks: A
latent variable analysis. Cognitive Psychology, 41(1),49-100.

Mooney, L. N., Johnson, E. G., Prabhakar, J., & Ghetti, S. (2021). Memory-related hippocampal
activation during sleep and temporal memory in toddlers. Developmental Cognitive Neuroscience,
47, 100908. doi:10.1016/j.dcn.2020.100908

Pathman, T., & Ghetti, S. (2014). The eyes know time: A novel paradigm to reveal the development of
temporal memory. Child Development, 85(2), 792-807.

Picard, L., Cousin, S.,Guillery#Girard, B., Eustache, F., & Piolino, P. (2012). How do the different
components of episodic memory develop? Role of executive functions and short#term feature#-
binding abilities. Child Development,83(3), 1037-1050.

Raj, V., & Bell, M. A. (2010). Cognitive processes supporting episodic memory formation in child-
hood: The role of source memory, binding, and executive functioning. Developmental Review, 30
(4), 384-402. doi:10.1016/j.dr.2011.02.001

Rajan, V., & Bell, M. A. (2015). Developmental changes in fact and source recall: Contributions from
executive function and brain electrical activity. Developmental Cognitive Neuroscience, 12, 1-11.
doi:10.1016/j.dcn.2014.10.001

Rajan, V., Cuevas, K., & Bell, M. A. (2014). The contribution of executive function to source memory
development in early childhood. Journal of Cognition and Development, 15(2), 304-324.
doi:10.1080/15248372.2013.763809

Rhodes, S. M., Murphy, D., & Hancock, P. J. (2011). Developmental changes in the engagement of
episodic retrieval processes and their relationship with working memory during the period of
middle childhood. British Journal of Developmental Psychology, 29(4), 865-882.

Riggins, T., Blankenship, S. L., Mulligan, E., Rice, K., & Redcay, E. (2015). Developmental differences
in relations between episodic memory and hippocampal subregion volume during early childhood.
Child Development, 86(6), 1710-1718. doi:10.1111/cdev.12445

Riggins, T., Rollins, L., & Graham, M. (2013). Electrophysiological investigation of source memory in
early  childhood.  Developmental ~ Neuropsychology, — 38(3), 180-196.  doi:10.1080/
87565641.2012.762001

Ruffman, T., Rustin, C., Garnham, W., & Parkin, A. J. (2001). Source monitoring and false memories
in children: Relation to certainty and executive functioning. Journal of Experimental Child
Psychology, 80(2), 95-111.

Shimamura, A. P., & Squire, L. R. (1987). A neuropsychological study of fact memory and source
amnesia. Journal of Experimental Psychology. Learning, Memory, and Cognition, 13(3), 464.

Taconnat, L., Raz, N., Toczé, C., Bouazzaoui, B., Sauzéon, H., Fay, S., & Isingrini, M. (2009). Ageing
and organisation strategies in free recall: The role of cognitive flexibility. European Journal of
Cognitive Psychology, 21(2-3), 347-365. doi:10.1080/09541440802296413

Tulving, E. (1972). 12. Episodic and semantic memory. In E. Tulving & W. Donaldson (Eds.),
Organization of memory (pp. 381-403). NY: Academic Press.

Tulving, E., & Thomson, D. M. (1973). Encoding specificity and retrieval processes in episodic
memory. Psychological Review, 80(5), 352. doi:10.1037/h0020071


https://doi.org/10.1016/S0022-5371(63)80063-8
https://doi.org/10.1016/0028-3932(91)90013-X
https://doi.org/10.1016/j.dcn.2020.100908
https://doi.org/10.1016/j.dr.2011.02.001
https://doi.org/10.1016/j.dcn.2014.10.001
https://doi.org/10.1080/15248372.2013.763809
https://doi.org/10.1111/cdev.12445
https://doi.org/10.1080/87565641.2012.762001
https://doi.org/10.1080/87565641.2012.762001
https://doi.org/10.1080/09541440802296413
https://doi.org/10.1037/h0020071

JOURNAL OF COGNITION AND DEVELOPMENT ‘ 13

Wagner, A. D., Gabrieli, J. D., & Verfaellie, M. (1997). Dissociations between familiarity processes in
explicit recognition and implicit perceptual memory. Journal of Experimental Psychology: Learning,
Memory, and Cognition, 23(2), 305.

Wechsler, D. (1974). Wechsler intelligence scale for childrenrevised. Psychological Corporation.

Wimber, M., Rutschmann, R. M., Greenlee, M. W., & Bauml, K. H. (2009). Retrieval from episodic
memory: Neural mechanisms of interference resolution. Journal of Cognitive Neuroscience, 21(3),
538-549. d0i:10.1162/jocn.2009.21043

Yonelinas, A. P. (1994). Receiver-operating characteristics in recognition memory: Evidence for a
dual-process model. Journal of Experimental Psychology. Learning, Memory, and Cognition, 20(6),
1341.

Yonelinas, A. P. (2002). The nature of recollection and familiarity: A review of 30 years of research.
Journal of Memory and Language, 46, 441-517.


https://doi.org/10.1162/jocn.2009.21043

	Abstract
	Method
	Participants
	Procedure
	Memory task
	Inhibitory control task
	Working memory task
	Cognitive flexibility task
	Verbal IQ proxy


	Results
	Comparison of item recognition and temporal memory performance
	Correlations among study variables
	Contributions of executive functions to memory performance

	Discussion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References

