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Abstract

Contributions of differential behavioral (executive functions) and electrophysiological (frontal-
temporal electroencephalogram or EEG coherence) measures to episodic memory performance
were examined during middle childhood. Cognitive flexibility and right frontotemporal functional
connectivity during encoding (F4/T8), as well as left frontotemporal functional connectivity
during retrieval (Fpl/T7), contributed to episodic memory performance in a sample of 9-12 year
olds. These results suggest that executive functions differentially influence episodic memory, as
does left and right frontotemporal functional connectivity during different portions of the memory
task.
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Improvements in episodic memory (EM) during middle childhood have been attributed to
neural development of the hippocampus and prefrontal cortex, and associated increases in
the ability to organize and elaborate information (Chiu, Schmithorst, Brown, Holland, &
Dunn, 2006. Ghetti & Bunge, 2012y Becayse EM has been associated with positive learning
outcomes in math and reading (Broek, 2005. Mirandola, Del Prete, Ghetti, & Cornoldi,
2011. Stevenson & Newman, 1986) \ye examined cognitive and neural processes related to
EM during middle childhood. In particular, we used electroencephalogram (EEG) coherence
to examine frontotemporal functional connectivity during encoding and retrieval. We also
examined the contributions of individual executive functions (EF; inhibitory control,
working memory, and cognitive flexibility) to EM because EFs are involved in the
management of cognitive processes.

EM is detail-rich memory for specific events or episodes, including what, when, where, and
other relevant information (TUIViNg, 1972y storing episodic events in a way that may be

handled by memory systems is referred to as encoding, while reactivation of these events is
retrieval (TUIVING, 1972y " involves the ability to encode and retrieve a specific event, as
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well as the contextual information associated with the episode. Development of EM
continues throughout childhood and into adolescence (Ghetti, DeMaster, Yonelinas, &
Bunge, 2010y pyring middle childhood improvements are observed in strategy use during
cognitive processing (Biorklund & Jacobs, 1985y regylting in benefits to EM performance.
The improvements in use of strategies have been attributed to children’s ability to
semantically organize information, and to their successful regulation of memory traces, thus
improving memory accuracy (Ghetti & Alexander, 2004. Ornstein et al, 2006)_ Advances in
the ability to successfully use strategies, along with the increased implementation of those
strategies, make middle childhood a prime developmental period to examine EM.
Development of hippocampal and frontal areas during middle childhood also make this
period of development critical for the study of EM.

Adult neuroimaging studies have suggested that both the medial temporal lobe (MTL) and
the prefrontal cortex (PFC) are activated during encoding of EMs (Buckner, Kelley, &
Peterson, 1999. Schacter & Wagner, 1999 Takanashi, Ohki, & Kim, 2007). Additionally,
similar activation patterns have been found within the PFC during working memory and
during the retrieval phase of EM (Nyberg etal., 2003y gy,ch findings suggest that EFs and
EM may operate using similar neural mechanisms, implying that the PFC and the MTL

interact during EM encoding and retrieval (for review on PFC and MTL interactions see
Simons & Spiers, 2003

PFC appears to develop into young adulthood (P1amond, 2002y Tys developments within
the PFC were originally believed to drive performance improvements in EM observed across
childhood because the hippocampus was thought to reach full development by middle
childhood (Ofen, Kao, Sokol-Hessner, Kim, Whitfield-Gabrieli, & Gabrieli, 2008). The most
current research examining MTL activation in children and young adolescents, however,
suggests that the functional organization of the MTL, specifically the hippocampus,
continues to develop into adolescence. Work by Ghetti and colleagues (2010) pag
demonstrated that although the dimensions of the hippocampus remain stable, anterior
volume decreases while posterior volume increases during childhood. The implications for
this change in children are currently unknown. In adults, however, small anterior hippocampi
and large posterior hippocampi have been associated with increased EM performance
(Maguire etal., 2000y sch findings suggest that hippocampal developments continue to
influence performance in EM throughout middle childhood. Because of the simultaneous
development of PFC and MTL, and their contributions to encoding and retrieval, examining
EM during middle childhood may provide insight on the development of the cross
communication between frontal and temporal regions.

Much of the research examining the brain during EM encoding and retrieval has used the
electroencephalogram (EEG) in the study of source memory during early (Ri9gins etal.,
2009; Marshall, Drummey, Fox, & Newcombe, 2002) and middle childhood (Rajan & Bell,
2014). Such studies suggest that electrophysiological measures (brain activation measured
via EEG power or event-related potentials) at separate frontal and temporal scalp locations
may be used to distinguish correct from incorrect EM responses and to assess developmental
changes in relation to EM performance. Considering that both PFC and MTL regions have
been associated with EM, we used EEG coherence across frontal and temporal regions as
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our measure of brain function during task performance. Coherence is the frequency-
dependent squared cross-correlation of electrical signals between two scalp electrode sites
(Nunez, 1981, Thatcher, Krause, & Hrybyk, 1986) Theoretically, lower and higher levels of
coherence reflect functional connectivity between two brain areas (Thacher, Krause, &
Hrybyk, 1986. Thatcher, North, & Biver, 2008) n|ike EEG power values, EEG coherence
is not affected by arousal, opening or closing of eyes, or changes in state (Thatcher, 1994y
making it a conservative electrophysiological measure.

With respect to EEG activity, theta band oscillations (4—7 Hz) are correlated with EM in
adults (Klimesch et al, 2001y | ess js known about the implication of theta EEG activity for
EM during childhood; however, a recent study reported event-related increases in theta
activity at frontal and temporal, as well as parietal, scalp locations in 6- and 8-year-old
children during the recall portion of an EM task (R&jan & Bell, 2014y ‘gecayse of our focus
on PFC and MTL interactions during EM, we used EEG coherence within the theta band to
examine the functional connectivity between frontal and temporal scalp locations during
both encoding and retrieval while children performed an EM task.

As implicated by neuroimaging work with adults, EFs are involved in monitoring and
manipulating information during encoding and retrieval of EMs (Miyake & Shah, 1999.
Marsh, Beaman, Hughes, & Jones, 2012y pevelopments in EF ability may explain some
improvements observed in EM performance during childhood (for review see Raj & Bell,
2010). For instance, the ability to strategically organize information to be encoded is likely
attributed to developing EF ability (Luciana, Conklin, Hooper, & Yarger, 2005) Thege
developing cognitive organizational abilities translate into developmental improvements in
Em (Biorklund & Jacobs, 1985) e focused on three core EFs in our study (i.e., working

memory, inhibitory control, and cognitive flexibility; Miyake, Friedman, Emerson, Witzki,
Howerter, & Wager, 2000).

Working memory, or a set of cognitive processes that maintain information available for
analysis and manipulation, aids in the process of encoding through short term contextual and
item binding (i.e., source binding; Ruffman, Rustin, Garnham, & Parkin, 2001y £ requires
that a connection exists between item and context and working memory provides that
function. This involvement of one of the EFs in the formation of EM is further supported by
Baddeley’s classic model of working memory incorporating the episodic buffer (for review
see Baddeley, 2000). The episodic buffer is responsible for integration of information (i.e.
short-term source binding). Information within the episodic buffer differs from EM in that it
is short-term. Information must be transferred from the episodic buffer into long term EM in
order for it to be consolidated.

Inhibitory control, or the ability to inhibit a dominant response in choice of another, aids in
the retrieval of relevant over irrelevant information (Marsh etal., 2012y e apility to
suppress irrelevant information is critical for successful encoding and retrieval. For example,
during encoding it is necessary to focus attentional resources on the information that is
pertinent, allowing for that information to be stored and later retrieved. Additionally, during
retrieval the ability to suppress interfering information is essential. Otherwise, one would be
prone to inaccurate recall. For example, Ruffman and colleagues (2001) yeported that 8 and
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10 year olds who demonstrated high inhibitory control abilities also generated less source-
based episodic memory errors; children were able to suppress interfering sources in order to
make correct responses.

Cognitive flexibility, also known as set shifting, is the ability to switch between tasks or
mental sets. Although less examined than working memory and inhibitory control, cognitive
flexibility does predict spatial and short-term binding of episodic free recall in children
(Picard, Cousin, Cuillery-Girars, Eustavche, & Piolino, 2012)_ Cognitive flexibility may
play a role in encoding through enhancement and flexibility of the to-be-encoded
information. To our knowledge, no study has examined all three core EFs in a study of EM
in childhood. It is more typical to create a composite measure of EF in the study of EM (e.g.,
Raj, Cuevas, & Bell, 2014; Rajan & Bell, 2014y \\ examined the unique contributions of
all three EFs to EM during middle childhood.

Overview of Current Study

Middle childhood is characterized by vast improvements in the use of encoding strategies,
such as rehearsal techniques (Hulme, Thompson, Muir, & Lawerence, 1984) and

organization (Chiu etal, 2006). These EM strategies, in turn, contribute to academic
achievement in reading and math (Broek, 2005. Mirandola, Del Prete, Ghetti, & Cornoldi,
2011. Stevenson & Newman, 1986) hys making middle childhood a prime period of
development to study EM. Development of PFC and MTL, and interactions between frontal
and hippocampal areas, are the likely foundations to improvements in EM during this time.
Middle childhood is also a period of continuing development in the core EFs. Although most
studies tend to examine EF as a composite score rather than examining the individual
components, we took a more detailed approach and teased apart the individual contributions
of three components of EF: working memory, inhibitory control, and cognitive flexibility.
Thus, our two main research questions were: 1) How does frontotemporal functional
connectivity (assessed via EEG coherence) during encoding and retrieval contribute to EM
performance during middle childhood? 2) How do EFs differentially contribute to EM
performance during middle childhood?

Method

Participants

Our sample consisted of 81 children (52% female; 9-12 years, M=10.38, SD =.73) who
represented one cohort of an on-going longitudinal study focused on cognition and emotion
development. Eleven of the 81 participants had parent reports of ADHD. These participants
did not differ from non-ADHD participants on any of the measures used in this study (all p’s
>.10). A majority of the children had been participating in the longitudinal study since
infancy (n = 57), whereas others were newly recruited for this particular lab visit (n = 24).
The children from the longitudinal study were originally recruited using a commercial
mailing list, whereas the new participants were recruited from existing participant siblings,
local working mother listserv, university announcements, and a local online family
newsletter. Children were predominantly Caucasian (89%) with highly educated parents;
99% of mothers and 91% of fathers had at least some education beyond high school. Of the
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81 children, three refused to wear the EEG cap and three had insufficient EEG due to
artifacts. Seven children were missing EF data due to experimenter error (n=5) and computer
malfunctions (n=2). There was overlap among children missing data such that no variable of
interest had data contributed by fewer than 72 participants (see Table 1). Of the participants
with missing data, 36% were male and 64% were female and had a mean age of 10.4. As
compensation for participation, which also included a booklet of questionnaires not included
in this report, parents received a $50 gift card and children received an inexpensive toy and a
$10 gift card.

Memory Task

The EM task was adapted from work by DeMaster and Ghetti (2013)_chilgren viewed black
and white line drawings surrounded by a color border. The stimuli were taken from an
existing set of 244 line drawings (Szekely, etal., 2003y royr blocks, each with eight line
drawings, were used. The four blocks were comprised of the categories of foods, vehicles,
animals, and outdoor activities. The groupings were used to allow for the potential use of a
mnemonic technique (categorical clustering); however, this technique was not suggested to
the children. The line drawings were surrounded by one of two colors with each block
having a different pair: red/green, blue/yellow, purple/green, or brown/pink. The stimuli
were displayed on a computer monitor one at a time, each for 4 seconds with an inter-trial
interval of 1.5 seconds.

Prior to the encoding phase, children were instructed to attend to the drawings as well as the
color of the surrounding borders. They were also told that they would later be asked to name
the drawings associated with each color border. During the encoding phase the children
viewed a total of eight line drawings. Immediately after each block, children were shown a
color border from that block and prompted to verbally recall the drawings associated with
that color (see Figure 1). They were then shown the other color from that block and asked to
recall those line drawings. The variable of interest was the total number of recalled images
across all blocks. Maximum possible score was 32. The internal consistency (split-half) for
this task was acceptable (a = .62, average inter-item = .45). An average inter-item
correlation between .15 and .50 is considered ideal and may be a more appropriate measure
of the unidimensionality of a scale, particularly with few items (Clark & Watson, 1995

EEG Acquisition, Processing and Analysis

EEG data were collected during all of the tasks; the focus here is on the EEG collected
during the EM task. Recordings were made from 26 left, right, and midline scalp sites
[frontal pole (Fpl, Fp2), frontal (F3, F4, Fz, F7, F8), central (C3, C4), central frontal (FC1,
FC2, FC5, FC6), temporal (T7, T8), parietal (P3, P4, Pz, P7, P8), central parietal (CP1, CP2,
CP5, CP6), occipital (01, 02)]. All electrodes were referenced to Cz during the recordings.
We recorded EEG using a stretch cap (Electro-Cap, Inc.; Eaton, OH; E1-series cap) with
electrodes in the 10/20 system pattern. We placed a small amount of abrasive gel into each
recording site and gently rubbed the scalp. We then added conductive gel to the recording
sites. Electrode impedances were measured and accepted if they were below 20 KQ. The
electrical activity from each lead was amplified using separate James Long Company
Bioamps (James Long Company; Caroga Lake, NY). The EEG activity for each scalp
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electrode was displayed on the monitor of the acquisition computer. The signal was digitized
on-line at 512 samples per second for each channel in order to eliminate the effects of
aliasing. This calibration signal was digitized for 30 seconds and stored for subsequent
analysis. The acquisition software used was Snapshot-Snapstream (HEM Data Corp.,
Southfield, MI) and the raw data were stored for later analyses.

EEG data were examined and analyzed using EEG Analysis software developed by the
James Long Company. Average reference EEG data were then artifact scored for eye
movements using a peak-to-peak criterion of 100UV or greater. Gross motor movements
over 200UV peak to peak were also scored. These artifact scored epochs were eliminated
from all analyses. The data were then analyzed with a discrete Fourier transform (DFT)
using a Hanning window of 1 second width and 50% overlap. Coherence was computed for
the theta 4-7 Hz band using an algorithm by Saltzberg, Burton, Burch, Fletcher, and
Michaels (1986; equation 9). Based on research regarding episodic memory in childhood,
we focused on frontal and temporal scalp locations in each hemisphere and in a number of
electrode pairs (Fpl/T7, Fp2/T8, F3/T7, F4/T8, F7/T7, F8/T8) in an attempt to capture
frontal-temporal functioning connectivity during our memory task. The electrode pairs
represent the 6 possible intrahemispheric frontotemporal combinations for our particular
EEG caps. EEG coherence was examined during encoding and retrieval conditions within
each block of the memory task. Encoding EEG was collected during the presentation of each
line drawing and then averaged across the four encoding blocks. Retrieval EEG was
collected during the presentation of each individual question (e.g., Please tell me the
drawings with a red border.) and then averaged across the four retrieval blocks. Encoding
and retrieval EEG coherence composites were weighted by the amount of DFT windows
associated with the stimuli within each block.

Executive Function Tasks

Working Memory—A backwards digit span (BDS) task was administered to assess
working memory. This task was based on the version given in the Wechsler Intelligence
Scale for Children-Revise (WISC-R; Wechsler, 1986). Children were initially presented with
two digits and instructed to repeat the sequence backwards. Two practice trials were given to
ensure understanding and then the task began. Attempt at recall of the same digit span with
at least one correct trial for two trials was required before lengthening 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 highest digit, which refers to the highest number
span reached.

Inhibitory Control—A number-based computerized Stroop task was used to assess
inhibitory control (Ruffman etal., 2001y e Stroop task had three conditions: letters,
numbers, and mixed. Emphasis was placed on the mixed condition, which is considered to
induce the most conflict because it includes trials from both the letters and numbers
conditions. Children were told to count either letters (“AAA”= 3) or number digits
(*555”=3) that appeared on the computer screen and to indicate their response on the
keyboard. Practice trials were provided. The variable of interest was mean reaction time for
mixed trials.
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Cognitive Flexibility—A computerized version of the Wisconsin Card Sorting Task
(WCST-64; Hearton & PAR staff, 2003) was used to assess cognitive flexibility. 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. Children were further instructed to sort cards
based on three dimensions (color, shape, and quantity). Once the children sorted the cards
correctly for a period of time the dimension used to sort the cards changed, 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
matching rule even after receiving feedback that the rule was no longer correct. This variable

is considered to tap into cognitive flexibility, providing a more process pure measure than
other variables (Miyake, Friedman, Emerson, Witzki, & Howerter, 2000)_

Verbal IQ Proxy

Results

Correlations

The Peabody Picture Vocabulary Test 1V (PPVT; Dunn & Dunn, 2012y \yas administered to
the children to determine their receptive vocabulary and verbal comprehension; the measure
is often used as a proxy for verbal 1Q. 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’ percentile
rank based on age. Because the age range in our sample was 9 to 12 years, we selected this
age-based measure of the PPVT.

Refer to Table 1 for descriptive statistics and correlations. The EM task was correlated with
all three executive function tasks and with F4/T8 during encoding. Hierarchical regression

was used to examine the contributions of EEG coherence during encoding and retrieval, as

well as the contributions of individual EFs to EM performance.

EEG Coherence Predicting Episodic Memory Performance

F7/T7 and F8/T8—PPVT percentile rank was entered in the first step of the regression
equation along with right (F7/T7) and left (F8/T8) frontotemporal coherence during
encoding. Right and left frontotemporal coherence values during retrieval were entered into
the second step of the equation. The regression equation was not significant (see Table 2).

F3/T7 and F4/T8—The same predictors were entered into this regression equation using
F3/T7 and F4/T8 coherence pairs. Step 1 accounted for 12% of the variance in EM
performance, with PPVT (3%) and right frontotemporal coherence during encoding (5%)
contributing unique variance. The retrieval coherence predictors added in Step 2 did not
contribute additional variance to EM performance (see Table 3).

Fpl/T7 and Fp2/T8—The same predictors were entered into this regression equation
using Fpl/T7 and Fp2/T8 coherence pairs. Step 1 accounted for 11% of the variance in EM
performance, with PPVT (8%) contributing unique variance. Step 2 accounted for an
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additional 8% of the variance in EM performance, with PPVT (6%) and Fp1/T7 retrieval
(7%) contributing unique variance (see Table 4).

Executive Functions Predicting Episodic Memory Performance

PPVT percentile rank was entered into the first step of the regression equation. Inhibitory
control, working memory, and cognitive flexibility were entered into the second step of the
equation. Step 1 accounted for 9% of the variance in EM performance. The EF variables in
Step 2 collectively accounted for an additional 19% of the variance, with PPVT (5%) and
cognitive flexibility (9%) contributing unique variance to EM performance (see Table 3).

Discussion

We examined functional connectivity (i.e., EEG coherence) and EF (i.e., working memory,
inhibitory control, cognitive flexibility) contributions to children’s performance on an EM
task. Neuroscience research has demonstrated that neural networks exist between frontal and
temporal regions and these networks may be associated with memory performance
(Takahashi et al., 2007). Thus, our first research question focused on frontotemporal
functional connectivity (assessed via EEG coherence) during encoding and retrieval
contributions to EM performance during middle childhood. Indeed, frontotemporal
functional connectivity during encoding predicted EM performance. This may be a result of
short-term binding. Binding would have been necessary during the EM task, because

children would need to connect the border color to the line drawing (Chalfonte & Johnson,
1996)

An effect for frontotemporal functional connectivity using EEG coherence measures was
present during both encoding (F4/T8) and retrieval (Fp1/T7). These effects differed
depending on the frontal electrode pair. It is possible that due to the distance between
electrodes and the scalp locations of the frontotemporal pairs, they each represent different
neural networks. The scalp electrodes in the F4/T8 pair are separated by 8.5 cm and are
thought to overlie right hemisphere dorsolateral frontal and medial temporal regions. Despite
the relatively poor spatial resolution of the EEG signal, we have confidence in this effect
during encoding because of the type of stimuli we used (i.e., images). Previous research
suggests that visual images are more likely to elicit activation within the right rather than left
hemisphere (Kelley et al., 1998).

The electrodes in the Fp1/T7 pair are separated by 11.5 cm and EEG coherence at this
location during retrieval predicted EM performance. This pair of electrodes is thought to
overlie frontal pole and medial temporal regions. Frontal pole activation has been associated
with EM retrieval (-ePage, Ghaffar, Nyberg, & Tulving, 2000y The |eft hemisphere effect
may be due to the nature of the retrieval phase of our task. Children were prompted to name
(verbally recall) the images they had seen during encoding. Left hemisphere activation is
often observed during tasks requiring language (Ciémann & Whitaker, 1978) ‘njore research
is required with this task to replicate these EEG coherence hemispheric effects during
encoding and retrieval.
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Children performed well on our task, with a mean of 16 out of a total possible score of 32
potentially misleading. After accuracy for correct border color is considered in relation to
overall recall, participants displayed 89% accuracy on the task. This means that when they
did recall an item, they linked it to the correct color border most of the time. It may be that
our task activated other functional connections, or perhaps only temporal areas were
activated. This latter possibility would not be observable with our EEG coherence analyses.

In addition to work associating neural networks with memory, the developmental literature
strongly suggests a connection between composite EFs and EM performance (Mantyla,
Carelli, & Forman, 2007. Rajan & Bell, 2014y Tys, our second research question focused
on unique contributions of the core EFs. In our study, cognitive flexibility was the only EF to
contribute unique variance to EM performance. Information regarding the influence of
cognitive flexibility on memory is limited, but a connection has been found previously with
adult participants (McCabe et al., 2010y Tpe apility to flexibly switch attention from one
stimulus to another may be necessary for memory tasks involving multiple stimuli.
Cogpnitive flexibility would be essential for successfully disengaging attention from one
stimulus pair (item and color) to another. In fact, children with attention deficit hyperactivity
disorder (ADHD) have demonstrated impaired EM performance (Rhodes, Park, Seth, &
Coghill, 2012). The connection between ADHD and EM performance is critical because
ADHD impairs cognitive flexibility ability (for meta-analysis see Boonstra, Oosterlaan,
Sergeant, & Buitelaar, 2005 gych findings support the importance of cognitive flexibility to
EM performance. Given the lack of attention paid to cognitive flexibility in the EM
literature, our results provide important information regarding EM performance during
middle childhood.

Inhibitory control did not contribute to EM performance. This is contrary to the literature
(Ruffman etal., 2001y pt may be a result of task design. The blocks within the memory
task contained different color borders and categories. The blocks were designed to aid
encoding and limit interference. Because inhibitory control has been associated with
suppression of memory interference, this may be why inhibitory control did not contribute to
performance on our EM task. Our task provided the necessary supports and inhibitory
control was not critical to task performance. Working memory was expected to be associated
with EM performance based on prior research suggesting a connection (e.g., Gallo &
Wheeler, 2012; Picard etal., 2012) ‘yowever, in our study working memory did not
contribute to EM performance, but the p-value was .06. Given that working memory aids in
the process of encoding through short term contextual and item binding (i.e., source binding;
Ruffman, Rustin, Garnham, & Parkin, 2001)’ our findings are perplexing. The lack of
significance may be attributed to the large amount of variance explained by the other
variables in the regression, including verbal 1Q proxy and cognitive flexibility. Another
possible explanation may be the stimuli used in the working memory task. Because the EM
task used images, an image-based working memory task (rather than our verbally-based
backward digit span) may have resulted in a stronger relation between working memory and
EM. Furthermore, the backwards digit span task did not require binding of information. It is
possible that a working memory task involving feature binding may be more likely to
contribute to EM performance. Future studies should examine the contribution of working
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memory to our EM task using an image-based design incorporating binding (e.g., N-back
task).

Results of our study provide insights into how individual EFs and frontotemporal functional
connectivity (measured via EEG coherence) contribute to EM performance. However, there
were some unexpected findings that suggest future research is needed. First, as mentioned
previously, our inhibitory control and working memory tasks did not contribute to EM. This
was unexpected and may be due to the tasks’ reliance on letters and or numbers rather than
images. Future work should utilize imaged-based tasks, as our EM task was image based.
Second, frontotemporal coherence differentially contributed to EM performance depending
on the particular frontal locations with which the medial temporal electrodes were paired.
We expected to see similar contributions from frontotemporal functional connectivity during
encoding and retrieval regardless of the pairing. Indeed, we had made no hypotheses
regarding specific frontotemporal pairs. Future studies should further explore frontotemporal
functional connectivity between multiple electrode pairs during EM encoding and retrieval
using multiple memory tasks in order to increase our understanding of the possible
contributions of EEG coherence to each memory process.

In addition to these potential design influences, the generalizability of our study may be
limited. The participants used were predominantly Caucasian and from upper middle class
families. This being said, the participants were accurate reflections of the community where
our research lab is located. Work with more diverse samples would be highly informative.

Limited information exists on how individual EFs contribute to EM performance. Our study
provides evidence suggesting that cognitive flexibility should be considered when exploring
EM. Furthermore, we are one of the first studies to take a developmental perspective when
examining frontotemporal connectivity during EM. Our study demonstrated that EEG
coherence associated with different frontotemporal electrode pairs during encoding
contribute differentially to EM performance. Collectively, our findings provide insights on
both cognitive and electrophysiology contributions to EM performance during middle
childhood.
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Figure 1.
Example of the presentation of images and the question slides. There were white blank

slides that are not presented in this example shown between images that lasted 1.5 seconds.
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