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The relation between episodic and semantic memory was examined by testing how semantic knowledge influ-
ences children’s episodic memory for events and their locations. Five-, six-, and seven-year-olds (N = 87)
engaged in events in a children’s museum designed as a town. Events were semantically congruent or incon-
gruent with the spatial location (e.g., sorting mail at post office vs. grocery store). In addition to this experi-
mental paradigm, a semantic interview assessed children’s semantic knowledge about real-world locations.
Accuracy in the experimental paradigm showed that children’s semantic memory influenced memory for loca-
tions. Interviews revealed age-related improvements in children’s semantic knowledge. Regression analyses
examined factors that best supported episodic memory. These results provide novel insights and highlight the
utility of research in naturalistic settings.

Whether one is networking as a business profes-
sional or “connecting the dots” to understand a
new concept, building and maintaining relation-
ships or connections is an important part of our
lives. Similarly, relations in memory serve us well.
Remembering that you collected seashells may aid
in the retrieval of the location of your cousin’s
birthday party at the beach. The memory of a speci-
fic birthday party would be considered an episodic
memory, defined by Tulving (1972) as memory for
events that have occurred at a particular time and
place. On the other hand, knowledge that shells can
be found along a beach would be considered an
example of semantic memory. Our semantic mem-
ory system allows for the retrieval of facts, concepts
and world knowledge (Tulving, 1972). Tulving
(1972) suggests episodic and semantic memory may
be two parallel but partially overlapping systems.
When entering a new event, we are bringing with
us our knowledge about the world (see review
Levine, 2004; see also Brod, Werkle-Bergner, &
Shing, 2013). In other words, the episodic memory

of a specific event may be influenced (supported or
hindered) by one’s semantic knowledge. This con-
ceptualization provides opportunity for the exami-
nation of these memory systems and their relation.
This study sought to embark upon this examination
through the lens of development.

Both episodic and semantic memory undergo
developmental changes throughout childhood (e.g.,
Bauer, 2007; Robertson & Köhler, 2007), yet rela-
tively little is known about the relation between
episodic and semantic memory in typical develop-
ment. Here, we sought to explore this relation by
asking how a specific aspect of semantic memory,
semantic knowledge about spatial locations, may
influence children’s episodic memory for events
and their locations.

Episodic and Spatial Memory Development

Episodic memory, memory for events and context,
improves dramatically in early to middle childhood
(see Bauer, 2007). Improvements in children’s mem-
ory abilities during early to middle childhood, for
example, are characterized by the increasing ability
to encode and retain complex event representations
inherent to episodic memories (Geng, Canada, & Rig-
gins, 2018; Ghetti & Bunge, 2012). These advance-
ments are likely driven by brain development during
this time period, particularly in the hippocampus
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which supports the binding of items or elements pre-
sented together (Cohen & Eichenbaum, 1993; Olson
& Newcombe, 2014; Riggins, Blankenship, Mulligan,
Rice, & Redcay, 2015) and the prefrontal cortex,
which is responsible for controlled, or strategic, pro-
cesses crucial to episodic memory (Schacter, Nor-
man, & Koutstaal, 1998). One may also consider this
development in the context of increasing academic
demands, given that testing in the school setting
relies on episodic memory (Diaz, Blankenship, &
Ann, 2018).

In this study, we focus on the spatial details (i.e.,
location) of events. Prior even to Tulving’s (1972)
conceptualizations, Underwood (1969) recognized
space as a powerful attribute of memory and early
work by Hasher and Zacks (1979) argued that the
operations that encode the spatial locations of
events are automatic. More recently, Rubin (2006)
discussed the importance of spatial information in
memory as serving functions including acting as a
cue to recall (see also Bellezza, 1983). Furthermore,
studies examining neural activity during episodic
retrieval shed light on the prominence of spatial
information in memory through activations in the
spatial system coinciding with retrieval (Addis,
McIntosh, Moscovitch, Crawley, & McAndrews,
2004; Cabeza et al., 2004; Piolino et al., 2004). Over-
all, the study of memory for space holds an impor-
tant place in memory research and as such has
been heavily studied in the adult (e.g., Robin,
Wynn, & Moscovitch, 2016; Siedlecki & Salthouse,
2014; Uttl & Graf, 1993) and nonhuman animal
(e.g., Howard & Eichenbaum, 2015; Veyrac et al.,
2015) literatures.

Children’s memory for space is thought to begin
rudimentarily in infancy as infants become increas-
ingly mobile and aware of their surroundings (see
Lourenco & Frick, 2014, for a review). The literature
extends from infant work and studies on children’s
understanding of space (e.g., Learmonth, New-
combe, Sheridan, & Jones, 2008; Newcombe, Ratliff,
Shallcross, & Twyman, 2010; Sandberg, Hutten-
locher, & Newcombe, 1996) to children’s memory
for the location of items viewed on a computer
screen (e.g., Pathman, Coughlin, & Ghetti, 2018),
physical objects in a “hide-and-seek” task (e.g.,
Hayne & Imuta, 2011), and personally experienced
events (e.g., Bauer, Stewart, White, & Larkina, 2015;
Bauer et al., 2012). Although classical spatial mem-
ory studies in animal models and in the adult mem-
ory literature often include memory for routes and
navigation, studies of spatial memory in develop-
mental research often involve testing memory for
spatial locations associated with past events, like

rooms in a house or around the laboratory (e.g.,
Bauer et al., 2012, 2015; Hayne & Imuta, 2011;
Picard et al., 2012). Some of this literature on the
development of children’s memory for space has
shown mixed results, particularly across methods.
For example, Bauer et al. (2012) showed an increase
between 4 and 8 years of age in the accuracy of
children’s memory for the location of personally
experienced events, implying age-related enhance-
ments in the ability to reflect on and recreate the
event’s context. On the other hand, age-related dif-
ferences in children’s memory for space were not
found in early childhood in the work of Hayne and
Imuta (2011) nor in middle to late childhood in a
study by Pathman et al. (2018). Therefore, more
work is needed to align an understanding of the
development of children’s memory for space. Fur-
ther work is also needed to understand the factors
that contribute to or support spatial episodic mem-
ory in childhood.

Semantic Memory Development

Nelson and Fivush’s (2004) model of the devel-
opment of autobiographical memory—memory for
events that occurred in one’s personal past—recog-
nizes semantic memory as a contributing factor in
the development of memory for the events of one’s
life. Thus, semantic memory development may be
one source to examine in understanding the devel-
opment of episodic memory development in child-
hood. Although not characteristically labeled
semantic memory, literature examining script
knowledge is one way to conceptualize this idea.
Children may utilize script knowledge both when
planning for (Hudson, Shapiro, & Sosa, 1995) and
reflecting on (Fivush, Hudson, & Nelson, 1984)
novel events and experiences. This latter exercise
resonates with the idea that semantic knowledge,
such as a script or schema, is carried with us into
novel experiences. Fivush et al. (1984) examined
this idea by studying children’s knowledge of
“what happens” during a trip to a museum and
“what happened” during a specific field trip to a
local museum. They found that children were able
to report on general events (“what happens”) and a
specific event (“what happened”), and were also
able to provide information on the latter even after
a 6-week delay. A primary finding from this analy-
sis was that children’s reports of the specific epi-
sode differed in both structure and content from
the general event representation. This finding led
these researchers to posit that children use two dif-
ferent types of event representations: one for
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specific, one-time events, and a separate representa-
tion for general knowledge of events. Furthermore,
Fivush, Hudson, and Nelson suggest that events
that deviate from the general event representation
are specially tagged in a unique natural memory
representation whereas events consistent with pre-
viously held event schemata are absorbed into a
memory representation used to structure general
event knowledge. What Fivush and colleagues
referred to as event schemata has elsewhere (e.g.,
Bar, 2004) been termed “context frames.” Neverthe-
less, these terms encompass the organized struc-
tures representing a particular event or scene that
facilitate or guide the processing of events.

Another way semantic memory is measured in
childhood is through standardized assessments of
language and vocabulary (e.g., picture-based tasks
such as the Peabody Picture Vocabulary Task
[PPVT]; Dunn & Dunn, 2007). For example, using a
language-based task (specifically, the Receptive
Vocabulary and Information subtests of the Wech-
sler Preschool and Primary Scale of Intelligence-III),
Robertson and Köhler (2007) found that semantic
knowledge increased with age. However, while it is
recognized that language is an important aspect of
semantic memory, these standardized tasks do not
tap the full domain of semantic memory and all
that it contains, so more studies are needed. This
dearth of methods used to study semantic memory
is especially apparent in the developmental litera-
ture and, as such, the trajectory of the development
of semantic memory is not well defined. However,
the development of semantic memory is sometimes
understood through the events of childhood. For
example, given their findings, Robertson and
Köhler (2007) argue for the likely influence of the
accumulation of knowledge about the world
throughout childhood on semantic memory capabil-
ities. Similar to episodic memory development, one
may also consider how these gains in world knowl-
edge are related to the transition to formal school-
ing by 5 or 6 years of age.

Relation Between Episodic and Semantic Memory

The relations between semantic and episodic
memory have been conceptualized in many ways.
Episodic memory "may be the route through which
semantic memory must be acquired" (Yee, Chrysi-
kou, & Thompson-Schill, 2013, p. 354; for reviews see
Squire & Zola, 1998; Yee et al., 2013). This idea con-
siders the fact that semantic knowledge is learned in
the context of an event. For example, one may
remember that in a fourth grade social studies class

they learned the 50 states. Thus, while knowledge of
the 50 states in the United States is considered
semantic, the memory of learning this information in
a fourth grade classroom is episodic. However, this
viewpoint is challenged by studies on atypical popu-
lations, such as those with neurodevelopmental dis-
orders (e.g., autism; Gaigg, Bowler, & Gardiner,
2014) or brain damage to structures known to be
essential to memory, that have shown that some
level of semantic memory can be acquired or exer-
cised somewhat independently of episodic memory
(Kensinger & Giovanello, 2005; Lah & Smith, 2014;
Rzezak, Guimarães, Fuentes, Guerreiro, & Valente,
2011; Smith & Lah, 2011; Vargha-Khadem et al.,
1997; see reviews Duff, Covington, Hilverman, &
Cohen, 2020; Yee et al., 2013). Others have consid-
ered a cooperative relation between semantic and
episodic memory (Martin-Ordas, Atance, & Caza,
2014). Consider reflecting upon the memory of last
spring being rainy. This recollection may include
memory of specific events such as buying new rain
boots or experiencing flooding, however, it may also
include general fact-based or semantic knowledge
that the spring season is often rainy. Thus, there may
be an interaction or cooperation of semantic (the
spring season is rainy) and episodic (purchasing rain
boots) memories that facilitates in the remembrance
of a specific rainy spring season. Indeed, studies in
the laboratory have shown that episodic memory can
be enhanced by semantic knowledge in adults (e.g.,
Greve, van Rossum, & Donaldson, 2007; Kan,
Alexander, & Verfaellie, 2009; see also Craik & Lock-
hart, 1972), for example, semantically related word
pairs are remembered more accurately than semanti-
cally un-related word pairs (Greve et al., 2007).

Semantic memory as it relates to episodic mem-
ory development has not been thoroughly exam-
ined in developmental research of typically
developing children. While this relation has been
studied in atypical child populations, these studies
primarily focus on functional relations, or how
these systems operate and interact in the presence
of brain damage or developmental deficits. Studies
of this nature inform our understanding of the
functional relations of these two memory systems,
but it can be difficult to gain an understanding of
the developmental relation of semantic and episodic
memory in the absence of intact memory systems.
However, two lines of work with typically develop-
ing children are relevant. First, a handful of studies
with children in middle to late childhood have
manipulated the match between audiovisual fea-
tures (e.g., picture of horse presented with the
sound of a horse vs. picture of a wolf presented

Episodic and Semantic Memory Development 3



with the sound of a violin; Heikkila & Tiippana,
2016) or match between words and imagined colors
(e.g., word apple imagined with color red vs. blue;
Maril et al., 2011) during study, and found that
memory for stimuli was better for stimuli presented
with matching perceptual features for children
(8–12 years old) and adults. This work suggests that
semantic knowledge (e.g., knowledge of what pic-
tures and sounds match; knowledge of what objects
and colors match) during the encoding of labora-
tory-based stimuli can affect accuracy of memory
retrieval by late childhood. Second, motivated by a
debate in literature examining semantic dementia
(whether episodic memory requires semantic or
perceptual processing at encoding), Robertson and
Köhler (2007) directly assessed to what extent typi-
cally developing children’s (ages 4–6 years) recogni-
tion memory (i.e., memory for item) could be
explained by their semantic knowledge, as mea-
sured by language-based standardized tests. In
other words, this team asked how children’s seman-
tic memory may relate to their episodic memory
capabilities. In Robertson and Köhler’s work chil-
dren were administered three separate recognition
tests in which target and distracter pictures were
manipulated in terms of their semantic and percep-
tual qualities. For example, in the perceptual recog-
nition test, if a child saw a photo of a black and
white cat during encoding, this same black and
white cat would be the target at test, and the dis-
tracter photo would be manipulated perceptually (a
yellow cat), but not semantically (target and dis-
tracter are both cats). For this reason, children must
successfully encode the perceptual qualities of the
photo in order to correctly identify the target photo;
only retrieving the semantic quality of the target
photo (i.e., “cat”) would not be sufficient as the dis-
tracter photo would also be a cat. Interestingly, for
all three recognition tests, even the perceptual
recognition test in which children do not “need”
their semantic capabilities, Robertson and Köhler
found semantic knowledge (based on performance
on the language-based task) to be a significant pre-
dictor of performance. Building upon these find-
ings, we examined how a different aspect of
semantic memory—spatial knowledge—may relate
to episodic memory for events and their spatial
details in a naturalistic setting.

The Present Study

The primary goal of this study was to examine
episodic and semantic memory in early middle
childhood, and to understand how semantic

memory influences episodic memory for events.
Specifically, we were interested in how children’s
semantic knowledge of locations relates to memory
for events and their spatial context. We chose to
study early middle childhood as we could expect
improvements in both episodic and semantic mem-
ory during these years. We assessed our goals two
ways. First, in our episodic memory task, we experi-
mentally tested how children’s semantic knowledge
of locations influenced memory for events and their
spatial context. At a local children’s museum, chil-
dren of different ages participated in three types of
events; the events differed in the degree to which
the semantic properties of the location matched the
event. By choosing to conduct this research in a nat-
uralistic setting, we were able to capitalize on con-
textual details not present in the traditional
laboratory setting. The second way we tested how
children’s semantic knowledge of locations may
relate to memory for events and their spatial context
was using a semantic interview task. In this task, we
directly assessed children’s semantic knowledge of
the locations of interest to this study. We then tested
how performance in the semantic interview task
related to performance on the episodic memory task.
In addition, we included a language-based task to
parallel how previous literature (e.g., Robertson &
Köhler, 2007) examined the relation between episo-
dic and semantic memory in children.

Overall, we expected age-related improvements in
children’s episodic memory and semantic memory.
In the episodic memory task, we hypothesized that
greater semantic knowledge in older children would
create memory differences between the event condi-
tions. In contrast, we expected that younger children
would not exhibit robust semantic knowledge of
locations and therefore predicted we would observe
relatively smaller memory differences between the
event types. However, we also recognized the possi-
bility that, across ages, children’s memory for the
events could be high due to the active nature of the
events in the museum setting (as in Pathman, Sam-
son, Dugas, Cabeza, & Bauer, 2011). For children’s
performance on the semantic interview task, we
expected to observe an effect of age such that chil-
dren would exhibit greater semantic knowledge with
increasing age. Further we expected to see relations
between the semantic interview task, episodic mem-
ory performance, and the language-based measure of
semantic memory. However, given the novelty of
this research, we did not make specific predictions
about which predictors would best explain episodic
memory performance. Thus this work represents a
relatively exploratory, not confirmatory, effort.
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Method

Participants

A total of 103 children took part in this study. Six-
teen children were excluded from analyses due to
computer software error (n = 2), because they did
not return for the second visit (n = 6), did not com-
plete tasks due to lack of time or fatigue (n = 6), or
did not follow task instructions (n = 2). The final
sample is comprised of three groups: 29 five-year-
olds (M = 65.03 months, SD = 3.62; 15 females, 14
males), 29 six-year-olds (M = 77.76 months, SD =
3.76; 13 females, 16 males), and 29 seven-year-olds
(M = 89.48 months, SD = 3.45; 15 females, 14
males). Note that the 5-year-old group includes two
older 4-year-olds, and the 7-year-old group includes
one young 8-year-old. All result patterns remained
the same whether or not these participants were
included, thus they remained in the final sample.

A demographics questionnaire completed by par-
ents revealed that approximately 13% percent of the
children were African American, 10% were of
mixed race, 2% were Asian, 1% identified as Native
American or Indigenous American, and 68% were
Caucasian. An additional 6% of parents chose not
to specify their child’s race. The family income
reported for 6%, 13%, 18%, 22%, and 30% of chil-
dren was < $25,000, $25,000–40,000, $40,000–60,000,
$60,000–90,0000, and > $90,000, respectively. An
additional 12% of parents chose not to specify family
income. Participants were recruited from a volunteer
pool of families who expressed interest in participat-
ing in research. In addition, the study was advertised
via social media and paper flyers in the community.
Participants were residents of Greensboro, NC, and
surrounding cities. Data collection occurred from
June 2016 to August 2017. All procedures were
approved by a University Institutional Review
Board. Parents provided written informed consent.
Children provided verbal (5- and 6-year-olds) or
written assent (7-year-olds). All families received free
admission to the museum, and children received a
small toy for participating in the study. All partici-
pants were tested by one of three female experi-
menters at each session. All experimenters received
training and oversight from the lead experimenter.

Procedure

Episodic Memory Task

The primary setting of this study was the
Greensboro Children’s Museum, a local museum
constructed to resemble a town with exhibits

representing locations about the town. Six of these
exhibits (hereafter “locations”) were chosen for the
purpose of the study: the bookstore, the construc-
tion zone, “Grandma’s house,” the market, the
medical center, and the post office.

Prior to beginning the episodic memory task, chil-
dren took a “tour of the town” with the experi-
menter. The intent of this activity was to briefly
familiarize children with each location in the
museum. During this activity, the experimenter
walked the child through the town and, using a 1–2
sentence script for each location, pointed out the
locations they would be visiting in the town that
day. Children were told they would be visiting the
locations with the experimenter to complete short
games or activities and that later that day they
would play a “computer game.” The subsequent epi-
sodic memory task included a study phase (approxi-
mately 35 min) and, after a delay (10–15 min), a test
phase (approximately 15 min). Participants were not
told during the study phase that they would need to
remember the events for later.

Study phase. During the study phase of the epi-
sodic memory task, participants visited each of the
six locations and at each visit to a location partici-
pated in one event that was classified as either con-
gruent, incongruent, or independent. Thus, in total,
children participated in 18 events (three events—con-
gruent, incongruent, and independent—at each of
the six locations) with a short midway activity occur-
ring after the ninth event. A congruent event is an
event for which semantic knowledge about where
that event typically occurs matches the location in
which it occurred, such as sorting mail at the post
office. On the other hand, an incongruent event, is an
event for which semantic knowledge about where
that event typically occurs does not match the loca-
tion, such as bagging groceries at the medical center.
As a comparison condition, independent events were
ones that did not have significant ties to any particu-
lar location in the museum. Examples of independent
events are tying a shoe or listening to a joke, and did
not match any particular location. Since independent
events were not tied to a particular location, by defi-
nition, these events could not be counterbalanced
with congruent and incongruent events. Event condi-
tion classifications were confirmed via surveys sent
to adult volunteers (see Appendix S1). For a com-
plete list of events see Appendix S2.

Congruent and incongruent events were derived
from the same bank of events and counterbalanced
such that what one child experienced as a congru-
ent event (sorting mail at post office) another child
may have completed as an incongruent event
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(sorting mail at the medical center). The “bank” of
all events included 24 congruent or incongruent
events (four events corresponding to each of the six
locations) and 12 independent events. For addi-
tional details on creation of stimulus sets/counter-
balancing see Appendix S3.

Stimuli for each event were most often toys or
objects similar to those that children could play
with at the museum. For example, a brown paper
bag and plastic food items were used for the “bag-
ging groceries” event. Although stimuli matched
the intended locations, they were distinct from the
objects at the museum. For example, the mail in the
post office location were laminated postcards,
whereas the mail stimuli used in this experiment
were colored envelopes. The objects needed for a
given participant’s session were kept in a covered
rolling cart managed by the experimenter through-
out the study phase. Following the study phase
there was a short delay (approximately 10–15 min),
which involved a snack and optional restroom
break. Importantly, the delay occurred in an area of
the museum apart from the “town” portion of the
museum.

Test phase. Children’s memory for the events in
which they participated, as well as the events’ spatial
and temporal details, were tested using a laptop
computer in an area apart from the “town” portion
of the museum. Children wore noise-cancelling
headphones, which also allowed them to hear the
test questions. E-prime software (Psychology Soft-
ware Tools, Pittsburgh, PA; E-prime Version
2.0.10.252) was used to display images, play audio,
and record responses. For each trial, children were
presented with a photo of the object(s) used for the
event (e.g., a pile of colored envelopes), while they
heard the recognition test question such as “Did you
sort colored envelopes?” Children were given the
opportunity to answer by key press marked “yes”
(i.e., old) or “no” (i.e., new). Two additional ques-
tions were asked for events to which children
responded “yes.” For these items, children were
again shown the photo of the event object and were
first asked a spatial question: “Where did you do this
activity?” The following screen showed the six loca-
tions that were visited, and children responded by
pressing a key corresponding to one of the six loca-
tions. Second, children were asked a time question.
Specifically, children were asked if the event
occurred before or after the midway activity. Data
from the time question of the test is not included in
this article. To ensure the child understood testing
procedures, the experimenter conducted practice tri-
als prior to beginning the test portion of the episodic

memory task. All relevant keys were labeled and the
experimenter also monitored the progress of the test
and gave any needed reminders about the locations
of particular keys on the keyboard. Some children
with limited reading and typing capabilities pro-
vided responses verbally and the experimenter
pressed the corresponding keys. In total, the memory
test was comprised of 36 items with 18 of these items
being events that the child participated in at the
museum that day (i.e., “old”). The remaining 18
“new” items were those not experienced by the child
at the museum that day, but may have been experi-
enced by another participant.

Semantic Interview Task

Children completed a semantic interview task in
order to assess their knowledge of the locations of
interest. This task occurred prior to entering the
museum town, and thus locations were spoken of in
general terms that would be most identifiable to chil-
dren. For example, rather than asking who might be
at a medical center, children were asked who might
be at a “medical center or a doctor’s office.” For each
location, three questions were asked: “Who might be
at a [location]?” “What kinds of things would you
see at a [location]?” and “Why or when would you
go to the [location]?” Order of the locations was ran-
domized, but questions for each location always pro-
ceeded as indicated above. The experimenter took
notes on the participant’s responses, and this task
was also audio-recorded.

Additional Semantic Memory Tasks

Children were also given two additional tasks,
aimed at testing children’s semantic memory in dif-
ferent ways. One was a standardized language-based
task, the PPVT (Dunn & Dunn, 2007). In this task, the
participant chooses one of four pictures displayed on
a page that he or she believes to most accurately rep-
resent a word spoken by the experimenter. For exam-
ple, a child may see an array of shapes and be asked
to identify the one that reflects the word “diamond.”
Second, children were given a task created in our lab
involving time-relevant semantic information. This
task (which we will refer to as the CCT Task) is out
of the scope of the present research and thus will not
be discussed further.

Experience and Knowledge Parental Questionnaire

In addition to a demographics questionnaire,
parents were asked to complete a questionnaire

6 Sipe and Pathman



about their child’s previous experience with infor-
mal learning environments like museums and
science centers and to rate their child’s knowledge
about locations of interest (e.g., post offices, medical
centers, etc.; See Appendix S4).

Task Order and Study Modifications

Construction at the museum midway through
data collection resulted in minor changes to study
procedures. First, the bookstore exhibit was closed,
and thus for participants tested after construction
(n = 50), the bookstore exhibit was replaced with
the theater exhibit in the episodic memory task.
Questions about “a theater” were also added to the
semantic interview task, though scores for this loca-
tion were not included in analyses as participants
prior to museum construction (n = 37) were not
asked questions about this location. Second, partici-
pants prior to museum construction completed all
procedures in one session (approximately 2 hr in
length) at the Greensboro Children’s Museum.
These participants completed the tasks in the fol-
lowing order: consent and assent procedures,
semantic interview task, episodic memory task
(“tour of the town”, study phase, break, test phase),
CCT Task, and PPVT. Participants after museum
construction completed all tasks in two sessions:
The first session in a university laboratory setting
(approximately 1 hr in length) and the second ses-
sion was at the Greensboro Children’s Museum
(approximately 1 hr in length). The motivation for
this change was to reduce the length of the session
at the museum. The overall order of tasks remained
the same, with the exception of the CCT and PPVT.
Specifically, children tested after museum construc-
tion first visited the laboratory to complete the fol-
lowing activities: consent and assent procedures,
semantic interview task, CCT, and PPVT. Partici-
pants then came to the museum another day to
complete the episodic memory task (“tour of the
town", study phase, break, test phase). Independent
samples t-tests revealed that there were no differ-
ences (ts < 1.23, ps > .22) in accuracy between par-
ticipants tested before or after construction on any
of our tasks.

Scoring

Episodic Memory Task

We examined children’s memory for item (i.e.,
events) and memory for location of the event (i.e.,
spatial context). Scores from the item portion of the

episodic memory task were computed using stan-
dard protocol for tests of old/new recognition. Cor-
rected recognition scores were computed for each
participant for each condition by subtracting the
proportion of false alarms (incorrectly judging new
items as old) from the proportion of hits (correctly
judging an old item as old). Scoring of children’s
memory for location of events (spatial accuracy)
involved computation of the proportion of correct
responses for each of the conditions (congruent,
incongruent, independent).

Semantic Interview Task

Responses of the semantic interview task were
first transcribed. Next, the beginning and end of
children’s responses to each of the three questions
(i.e., “who” and “what” might be at a location and
“why/when” one would visit the location) were
identified so that an accurate representation of
word count could be determined. Any “off task”
talk was removed from the word count in addition
to filler words (e.g., um, uh, etc.), phrases that buy
more time (e.g., “Let me think about that. . .”), and
phrases that signal completion (e.g., “That’s all I
can think of”). These steps were used to compute
an “adjusted” word count for each location. Analy-
ses make use of this adjusted word count summed
across the original six locations.

The semantic interview task was scored for qual-
ity of response (overall content and correctness).
Each question response was given a score of zero
or one. To aid in differentiating zero versus one
point responses, “defining features” for each loca-
tion were determined. Examples of defining fea-
tures include: librarian, grocer, doctor/nurse
(“Who?” question); books, fruits/vegetables, medical
tools (“What?” question); and to get a book, to buy
groceries, to get a check-up (“Why?” question). In
order to receive a score of one point, the child must
have given at least one defining feature for that
question. A score of zero was given if the response
was incorrect, if the child responded “I don’t
know,” or if the response lacked specificity or
understanding of the location. For example, the
response “a worker” to the question “Who might
be at a library?”, would be given a 0 because it
lacked specificity (unlike responses “librarian,” “the
media specialist,” etc.). Scores were summed, and
proportion scores were used in analysis based on
the number of points possible (i.e., 18; three ques-
tions for each of six locations).

To estimate the reliability of scoring, 20% of tran-
scripts (randomly selected; equal representation

Episodic and Semantic Memory Development 7



from each age group) was scored by an indepen-
dent rater. Interrater agreement was 96%. (18 par-
ticipants × 3 scores for each question × 6 locations,
thus a total of 324 individual scores. The primary
and reliability coders’ scores were identical on all
except 14 of those individual scores.) The primary
rater’s scores were used in all analyses.

Results

Episodic Memory Task

As a reminder, the episodic memory task
allowed us to track children’s recognition memory
for events and their locations. This task also
allowed us to test the impact of spatial semantic
knowledge on children’s episodic memory for
events (old/new recognition) and locations (spatial
memory). The primary comparison of interest was
spatial memory accuracy for the congruent and
incongruent conditions.

The independent condition served as a baseline
condition. For old/new recognition, we found no
significant effect of Age, F(2, 83) = 0.30, p = .74,
when corrected recognition scores for independent
events were analyzed in a one-way analysis of vari-
ance (ANOVA). Likewise, no significant effect of
Age, F(2, 84) = 1.35, p = .27, was found when spa-
tial accuracy scores for independent events were
analyzed in a one-way ANOVA.

Next, two 2 (Condition: congruent, incongru-
ent) × 3 (Age: 5, 6, 7) repeated measures analysis of
variance (RM ANOVAs) were used to investigate
the influence of the spatial semantic manipulation
(i.e., condition) and developmental changes (i.e.,
age) on episodic memory. The first of these RM
ANOVAs assessed old/new recognition: analysis of
corrected recognition scores revealed no main
effects of Condition, F(1, 83) = 0.09, p = .76, or Age,
F(2, 83) = 1.31, p = .28, and no interaction, F(2,
83) = 1.12, p = .33.

In the second RM ANOVA assessing children’s
memory for the location of events (i.e., the spatial
question), there was also no main effect of Age, F(2,
84) = 1.14, p = .33, and no interaction, F(2,
84) = 0.80, p = .46. However, this analysis did
reveal a significant main effect of Condition, F(1,
84) = 46.97, p < .0001, η2p = .36, such that, across
age groups, the locations of congruent events
(M = .910, SD = .155) were identified more accu-
rately than those of incongruent events (M = .739,
SD = .217). Figure 1 depicts memory for location
scores for the congruent and incongruent condi-
tions, with the dashed line representing mean

accuracy for the independent condition (baseline),
for each age group.

Exploration of Errors

We examined the errors that were made in chil-
dren’s memory for the location of incongruent
events. To do this, we separated errors into
“match” and “nonmatch” errors. A match error
would be incorrectly choosing the location that is
congruent to the event (e.g., responding that bag-
ging groceries took place at the market when it
actually took place at the medical center). A non-
match error is incorrectly responding that an event
took place anywhere other than the correct loca-
tion (the location where the event actually took
place, for the particular child) or the congruent
location. For this analysis, we compared the pro-
portion of match and nonmatch errors to what we
would expect by chance. With six possible loca-
tions for an event, chance responding for match
and nonmatch errors is 1/6 and 4/6, respectively,
summing to the five possible errors. Across all
participants that made errors on incongruent trials
(n = 67), we found match errors differed signifi-
cantly from what we would expect by chance, t
(66) = 3.32, p = .001. Nonmatch errors did not dif-
fer from what would be expected by chance, t
(66) = −0.22, p = .83. To determine if there were
any age-related differences in the match errors
analysis, we conducted one-sample t-tests sepa-
rately for each age group. We found that 5-year-
olds who made errors on incongruent trials
(n = 25), were more likely than chance to make
match errors (p = .01); the t-tests were not signifi-
cant for the older age groups (ps > .14).

Semantic Interview Task

Scores from the semantic interview task were
used to assess children’s semantic knowledge of
locations. An ANOVA revealed a significant effect
of Age, F(2, 84) = 6.91, p < .005, η2p = .14, and post
hoc comparisons using Tukey’s honestly significant
different test revealed the following pattern: 7-year-
olds (M = .776, SD = .136) provided more high-
quality responses than both 5-year-olds (M = .605,
SD = .206; p < .005) and 6-year-olds (M = .651,
SD = .192; p < .05); however, 5- and 6-year-olds
did not differ in the number of high-quality
responses (p = .599). The same pattern of results
emerges with Bonferroni correction for multiple
comparisons. There was a significant relation
between the number of high-quality responses and
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age, which held even when controlling for word
count in a partial correlation (r = .293, p = .006).

Analyses of Relations Between Episodic and Semantic
Tasks

Finally, as exploratory analyses, we assessed
which variables best predict individual differences
in children’s episodic memory for location (i.e., spa-
tial memory accuracy). This step involved two sep-
arate regressions on spatial memory accuracy
scores from the congruent and incongruent condi-
tions. Predictors for both of these regressions
included: age (in months), scores from the baseline
recognition measure of the episodic memory task
(specifically, corrected recognition scores for inde-
pendent events) and scores from semantic tasks
(specifically, standardized PPVT scores and scores
from the semantic interview task). When spatial
memory accuracy scores from the congruent condi-
tion were used as the outcome, the model was not
significant, R2 = .06, F(4, 81) = 1.28, p = .28. How-
ever, the regression on spatial memory accuracy
scores from incongruent events was significant,
R2 = .12, F(4, 81) = 2.66, p < .05. Significant

predictors in this model were Age (β = .27, t = 2.24,
p = .03; variance inflation factor [VIF] = 1.3) and
PPVT score (β = .33, t = 2.59, p = .01; VIF = 1.5).

Experience and Knowledge Parental Questionnaire

Descriptive statistics and analyses related to this
parental report are provided in Appendix S4.

Discussion

The primary goal of this study was to examine the
development of and relations between episodic and
semantic memory—specifically, we asked how chil-
dren’s spatial semantic memory (knowledge about
places/locations) relates to episodic memory for
events and their locations. We examined this from
multiple angles and methods (e.g., experimental
paradigm, interview-based task, standardized mea-
sures) and used a naturalistic setting which is rela-
tively rare in the memory literature. First, we
examined these relations in a museum setting by
having children in early middle childhood partici-
pate in short events and then later testing their
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Figure 1. Effect of condition in children’s memory for location in the Episodic Memory Task.
Note. Dots represent individual data points for the congruent and incongruent conditions. The dashed horizontal lines represent mean
accuracy for the independent condition. Error bars are � SEM.
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memory for the events and their spatial location.
The events were manipulated by the extent to
which the activity matched, did not match, or had
no relation to the location in which it occurred. In
other words, our experimental conditions allowed
us to assess the extent to which children’s semantic
memory influences their episodic memory by
manipulating the degree to which the event
matched the semantic properties of the location. We
examined accuracy scores, but also explored errors
made. We found that accuracy for memory for loca-
tions was influenced by our experimental manipu-
lation: across age groups, children more accurately
remembered the spatial location for the event when
there was a semantic match between the location
and the event, compared to when there was no
such match. In other words, we found experimen-
tally that spatial semantic memory influenced spa-
tial episodic memory, across age groups. Our
exploration of errors revealed that when children
made errors in the incongruent condition (no
semantic match between location and event),
younger children were more likely to incorrectly
choose the location that matched their semantic
knowledge. We also used a novel interview task to
assess children’s semantic knowledge of locations
and the developmental trajectory of this knowledge
and found age-related improvements. Finally, we
used a set of regressions to better understand the
factors that influence or drive children’s episodic
memory development, and found that age and the
language-based assessment of semantic knowledge
predicted an aspect of episodic memory.

The work of Fivush et al. (1984) perhaps pro-
vides one framework through which to consider
memory differences between congruent and incon-
gruent events, as we may liken our congruent
events to these researchers’ assessment of “what
happens” on a trip to a museum. In this study,
memory performance for congruent events may
reflect a “boost” from children’s semantic memory
as knowledge of what generally happens in a loca-
tion guided the encoding of congruent events. In
other words, the existing semantic knowledge that
children held might have served to support the
encoding of congruent events through the percep-
tion of additional “matching” semantic details that
could be absorbed consistently into their schema.
For example, consider the difference in spatial
details when setting a place setting at the kitchen
table (in “Grandma’s house”) versus at a work-
bench (in the construction zone). Then, at test, these
additional details could also be recruited and used
to identify the correct location and reject incorrect

locations. This interpretation of this study falls in
line with the work of Robertson and Köhler (2007).

These ideas are also consistent with research on
relational memory. When an item is encoded into
memory, it is bound to a number of contextual fea-
tures, these features could then be used to compare
and contrast the individual items in memory (Olson
& Newcombe, 2014). Relational binding is a process
inherent to forming episodic memories, and a
source to credit with changes in episodic memory
in childhood (Lee, Wendelken, Bunge, & Ghetti,
2016; Olson & Newcombe, 2014). It is also possible
that this type of binding or the associations made
link aspects of episodic memory (features of event)
and semantic knowledge. Our results seem to sug-
gest that children’s memory for events and their
locations in the congruent condition (congruent
based on semantic knowledge) were “bound more
tightly” in memory than event-location combina-
tions in the incongruent condition (see also Heikkila
& Tiippana, 2016).

Like relational binding, understanding controlled
processes shed light onto the development of chil-
dren’s memory for events. Age-related improve-
ments in controlled, or strategic, memory processes
are to credit, in part, with developments in episodic
memory during childhood (see Ghetti & Lee, 2011).
Enlisting controlled processes such as semantic or
organizational memory strategies can support
encoding and retrieval of episodic memories (Bjork-
lund, Dukes, & Brown, 2009). Robertson and Köhler
(2007) discuss the influence of elaborative semantic
encoding processes on later recognition of items.
Children who were able to utilize their semantic
competencies at encoding displayed more accurate
recognition at test. In the present work, results of
the congruent condition indicate that children may
have likewise applied a semantic strategy when
encoding events. However, this study cannot test
this, especially because children were not explicitly
told they would need to remember event-location
combinations, and we did not test for the use of
any explicit memory strategies. This, however,
would be a fruitful line of future work.

An important question to ask is how semantic
memory influenced episodic memory in our study-
did it boost or hinder performance? By definition, the
independent condition could not be counterbalanced
with the two experimental conditions, and so out of
caution we did not include the independent condition
in the analysis directly comparing conditions. How-
ever, based on the statistical analysis between the con-
gruent and incongruent condition, and visually
comparing these conditions to the independent or
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baseline condition, it seems like semantic memory
boosted accuracy in the congruent condition. It did not
seem like semantic memory hindered accuracy in the
incongruent condition, at least based on visual com-
parison to the baseline condition.

Further evidence for semantic memory boosting
episodic memory comes from our use of the stan-
dardized language-based assessment of semantic
memory. The regression on children’s memory for
locations in the incongruent condition, the condition
that would most tax the memory system, showed
positive relations between scores on the PPVT and
spatial episodic memory accuracy. As discussed,
language is only an aspect of semantic memory,
but this finding is perhaps reminiscent of Robertson
and Köhler’s (2007) perceptual recognition test in
that children do not necessarily “need” their seman-
tic memory to remember the location of incongru-
ent events, yet there still exists a relation between
performance on these trials and children’s semantic
memory assessed via language. Therefore, one pos-
sibility is that children can efficiently employ their
semantic memory via language during incongruent
test trials. In support of this idea, it could be
argued that just as the congruent semantic spatial
details are perceived and utilized in congruent tri-
als, the incongruent semantic spatial details could
be used to create memory flags of these events. In
other words, a child could say, “It’s weird that I’m
setting a place setting at a work bench in a con-
struction zone. I should be doing this at Grandma’s
house. I’m going to remember this because it’s kind
of odd.” Indeed, this was anecdotally observed in
the study phase as some children, especially 6- and
7-year-olds, would note that incongruent events
“should have actually taken place at [location X].”
These observations fall in line with Fivush et al.
(1984) view that events that deviate from the gen-
eral event representation are specially tagged in
memory. In the study by Fivush and colleagues,
children could remember a specific event up to a
year later; however, a cue was needed to remember
the events motivating these authors to conclude
that the distinctive tag (i.e., cue) was needed to
retrieve the event from memory. All trials in our
episodic test were equivalent in that no cues were
given as to the location of events. Future studies
could test whether our same pattern of results
would be obtained when spatial memory is tested
via free or cued recall (see also Bauer et al., 2012,
2015) rather than recognition, as these methods
may bring about more memory differences particu-
larly for children who may have been more attuned
to the oddity of the incongruent events.

On the other hand, results of our exploratory
analysis of errors made on incongruent trials per-
haps support the idea that semantic memory can
also hinder memory for the location of events. As a
reminder, a match error is made when a child
incorrectly responds that an event occurred at the
location that would be congruent to the event. A
nonmatch error is made when a child responds that
the event occurred in any location other than the
congruent location or the correct location. The
exploratory examination of these errors may be one
way to consider intrusions between event types.
Specifically, if there were no intrusions of the gen-
eral event representation on the specific events, as
discussed by Fivush et al. (1984), we would expect
that match errors would be rare and incorrect
responses on these trials would be random (non-
match errors) in nature. However, the finding that
match errors differed from chance provides support
for the idea that semantic memory, or the general
event representation of what children would expect,
perhaps played a hindering role in how children
responded in recognizing the locations of events.

Our original prediction was that since older chil-
dren may have higher semantic knowledge of the
locations, which was confirmed by our findings from
the semantic interview task, that they also may show
stronger effects in the experimental paradigm. In
other words, we predicted that the experimental
manipulation would have a larger effect (i.e., a lar-
ger difference between congruent and incongruent
trials) for older compared to younger children. How-
ever, this was not the case, as we found no interac-
tion between condition and age group: the effect of
experimental manipulation was not detectably stron-
ger for our oldest (7-year-olds) compared to our
youngest (5-year-olds) children. This is consistent
with studies with older children (8+ years) and
adults, in which congruency between different fea-
tures of laboratory-based stimuli was tested; no age
by condition effects were found (Heikkila & Tiip-
pana, 2016; Maril et al., 2011). Thus, it is possible
that some threshold level of semantic knowledge is
enough to show semantic congruency effects. How-
ever, future experimental studies are needed to test
the limits of this possibility. Moreover, although we
did not find age differences in accuracy, we did
detect some age group differences. Specifically, our
exploration of errors analysis suggests that younger
children, whose episodic memory system may be
more fragile, are more dependent on semantic mem-
ory than older children, and in this case led them
astray. These particular results should be interpreted
with caution as there are some statistical limitations
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(e.g., limited number of trials), and thus more work
is needed to investigate the influence of semantic
memory on incorrect responding in the incongruent
trials. However, future longitudinal studies, should
explore the possibility that the relation between epi-
sodic and semantic memory development is such
that when children are younger there is more reli-
ance on the semantic memory system to support epi-
sodic memory, but as the episodic memory system
becomes more robust, less support from semantic
memory is necessary.

This study examined the relations between episo-
dic and semantic memory in early middle child-
hood. To our knowledge, the present work and
Robertson and Köhler (2007) are the only studies to
explore this question in this age range for typical
child development, although a body of literature
does exist examining these relations in atypical
development or conditions. For example, the work
of Smith and Lah (2011) studied how semantic and
episodic memory function in children with tempo-
ral lobe epilepsy and concluded that the memory
systems may develop independently in the presence
of this pathology. Furthermore, the study of devel-
opmental amnesics (see Elward & Vargha-Khadem,
2018 for a review) provides an analysis and debate
of the relations of episodic and semantic memory in
the presence of damage to the hippocampus.

In terms of the old/new recognition task, we
hypothesized that we would observe age-related
improvements between 5-, 6-, and 7-year-olds.
However, we did not find effects of age in chil-
dren’s memory for events in either the experimental
nor the baseline conditions. Children were able to
both recognize events that they did participate in
(i.e., “old”) and reject events that they did not par-
ticipate in (i.e., “new”) at ceiling levels. The nature
of the recognition test in some ways “set partici-
pants up for success.” Specifically, memory probes
were distinct and were accompanied by a photo
representing an object that was used for the event.
For example, for the “tie a shoe” event, children
heard “Did you tie the laces on this shoe?” accom-
panied by a photo of the exact red shoe that they
would have tied the laces on. Furthermore, studies
have shown that children’s memories are more
accurate when the events are encoded in an autobi-
ographical or self-relevant way (e.g., Pathman et al.,
2011). In this way, high recognition performance
was foreseen as a possibility. However, the ease of
the old/new recognition portion of the memory test
was deliberate so that we could examine the con-
text portion of the memory test (software was pro-
grammed to advance to space and time questions if

the child responded “yes” to the event question). In
other words, in order to adequately assess chil-
dren’s memory for the details of events, we needed
them to be able to advance beyond simply recog-
nizing the event. High recognition memory perfor-
mance may have also been due to a short delay
between the study phase and test. Future work in
this line of research could include a longer delay
(e.g., days or weeks) that could possibly bring out
episodic memory differences across age groups.

Although effects of age were not observed in the
episodic memory task (at least in terms of accu-
racy), we did find an effect of age in the semantic
memory task, specifically, a novel interview assess-
ing children’s knowledge of locations. The effect of
age was such that children in the 5- and 6-year-old
groups demonstrated less semantic knowledge of
the locations than the 7-year-old group. (The age-re-
lated improvements in semantic knowledge based
on our interview task were not found with our par-
ental report measure, in which parents were asked
to judge their child’s knowledge of the locations,
suggesting experimenter-based interviews are use-
ful in documenting developmental differences.
However, individual differences in parent report of
knowledge was consistent with that for our seman-
tic interview scores. See Supporting Information.
The age-related improvements found using our
semantic interview task are also consistent with
studies showing age-related increases in semantic
knowledge across childhood based on performance
on the Deese–Roediger–McDermott procedure (see
review Brod et al., 2013). Likely contributors in the
development of this memory system include the
transition to formal schooling during our age range
of interest as well as accumulating world experi-
ences throughout childhood (Murphy, 2002). In fact,
exploratory supplemental analyses revealed that
individual differences in number of prior visits to
the museum (and thus prior experience with natu-
ralistic versions of the locations of interest) were
correlated with scores on our semantic interview
task. While findings allow us to further understand
or chart the trajectory of children’s semantic mem-
ory development, we also hope that this task pro-
vides another method or means of assessing
children’s semantic memory. Studies of children’s
memory development have often looked to lan-
guage-based measures to assess children’s semantic
memory; however, we know that language is only
an aspect of semantic knowledge. Furthermore, at
present, little is known about children’s memory
for an important aspect of semantic memory—that
is, their knowledge of locations.
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This study looked to a naturalistic setting (i.e., a
children’s museum) to examine our questions of
interest. Studies conducted in naturalistic settings
have the chief benefit of bringing research into the
active, social context in which learning most organi-
cally occurs. Furthermore, pioneers of developmen-
tal psychology (i.e., Piaget, 1970; Vygotsky, 1978)
established the learning benefits inherent to hands-
on interaction long ago. This idea is perhaps
demonstrated in this study in that children actively
participated in events and recognition performance
was relatively high across conditions and ages, and
consistent with other museum studies showing that
age group differences can be minimized with natu-
ralistic and self-relevant events (e.g., Pathman et al.,
2011). Therefore, this study joins this perspective
that naturalistic settings may allow for greater
memory performance in children, though more
work is needed to fully understand the potential of
children’s memory across development.

In conclusion, we looked to a naturalistic setting
to examine the development of the relations of chil-
dren’s semantic and episodic memory. Our experi-
mental manipulation allowed us to understand the
contribution of semantic and episodic memory in
children’s memory for different types of events,
particularly the location of these events. We have
also contributed a novel examination of children’s
semantic memory with a narrative interview task
designed to assess what children know about loca-
tions and observed development across our age
groups using this task. This contribution is impor-
tant as semantic memory has most often been
assessed with language-based tasks and little is
known about children’s knowledge of space. Age
effects were not found in the episodic memory task,
likely due to the active nature of encoding. Future
work may benefit from using different testing (e.g.,
recall rather than recognition), and a longer delay
between study phase and test (e.g., days or weeks
rather than minutes). Finally, we would emphasize
the utility of research that takes place in informal
learning environments like children’s museums or
science centers, as these settings provide an envi-
ronment in which children can naturally experience
learning and memory. These settings are ideal for
testing both episodic and semantic memory, and to
further our understanding of their development.
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Güler, O. E., & Burch, M. (2012). It’s all about location,
location, location: Children’s memory for the “where”
of personally experienced events. Journal of Experimental
Child Psychology, 113, 510–522. https://doi.org/
10.1016/j.jecp.2012.06.007

Bauer, P. J., Stewart, R., White, E. A., & Larkina, M.
(2015). A place for every event and every event in its
place: Memory for locations and activities by 4-year-old
children. Journal of Cognition and Development, 17,
244–263. https://doi.org/10.1080/15248372.2014.959521

Bellezza, F. S. (1983). The spatial-arrangement mnemonic.
Journal of Educational Psychology, 75, 830–837. https://
doi.org/10.1037/0022-0663.75.6.830

Bjorklund, D. F., Dukes, C., & Brown, R. D. (2009). The
development of memory strategies. In M. L. Courage,
N. Cowan, M. L. Courage, & N. Cowan (Eds.), The
development of memory in infancy and childhood (2nd ed.,
pp. 145–175). New York, NY: Psychology Press.

Brod, G., Werkle-Bergner, M., & Shing, Y. L. (2013). The
influence of prior knowledge on memory: A develop-
mental cognitive neuroscience perspective. Frontiers in
Behavioural Neuroscience, 7, 1–13. https://doi.org/10.
3389/fnbeh.2013.00139

Cabeza, R., Prince, S. E., Daselaar, S. M., Greenberg, D.
L., Budde, M., Dolcos, F., . . . Rubin, D. C. (2004). Brain
activity during episodic retrieval of autobiographical
and laboratory events: An fMRI study using a novel
photo paradigm. Journal of Cognitive Neuroscience, 16,
1583–1594. https://doi.org/10.1162/0898929042568578

Cohen, N. J., & Eichenbaum, H. (1993). Memory, amnesia,
and the hippocampal system. Cambridge, MA: MIT Press.

Craik, F. I. M., & Lockhart, R. S. (1972). Levels of process-
ing: A framework for memory research. Journal of Ver-
bal Learning and Verbal Behaviour, 11, 671–684. https://
doi.org/10.1016/S0022-5371(72)80001-X

Diaz, A., Blankenship, T. L., & Ann, M. (2018). Episodic
memory in middle childhood: Age, brain electrical
activity, and self-reported attention. Cognitive Develop-
ment, 47, 63–70. https://doi.org/10.1016/j.cogdev.2018.
03.003

Duff, M. C., Covington, N. V., Hilverman, C., & Cohen,
N. J. (2020). Semantic memory and the hippocampus:
Revisitng, reaffirming, and extending the reach of their
critical relationship. Fronters in Human Neuroscience.
https://doi.org/10.3389/fnhum.2019.00471

Dunn, L. M., & Dunn, D. M. (2007). PPVT-4, Peabody Pic-
ture Vocabulary Test Manual (4th ed.). Minneapolis, MN:
Pearson Assessments.

Episodic and Semantic Memory Development 13

https://doi.org/10.1016/j.neuroimage.2004.08.007
https://doi.org/10.1016/j.neuroimage.2004.08.007
https://doi.org/10.1038/nrn1476
https://doi.org/10.1038/nrn1476
https://doi.org/10.1016/j.jecp.2012.06.007
https://doi.org/10.1016/j.jecp.2012.06.007
https://doi.org/10.1080/15248372.2014.959521
https://doi.org/10.1037/0022-0663.75.6.830
https://doi.org/10.1037/0022-0663.75.6.830
https://doi.org/10.3389/fnbeh.2013.00139
https://doi.org/10.3389/fnbeh.2013.00139
https://doi.org/10.1162/0898929042568578
https://doi.org/10.1016/S0022-5371(72)80001-X
https://doi.org/10.1016/S0022-5371(72)80001-X
https://doi.org/10.1016/j.cogdev.2018.03.003
https://doi.org/10.1016/j.cogdev.2018.03.003
https://doi.org/10.3389/fnhum.2019.00471


Elward, R. L., & Vargha-Khadem, F. (2018). Semantic
memory in developmental amnesia. Neuroscience Letters,
680, 23–30. https://doi.org/10.1016/j.neulet.2018.04.040

Fivush, R., Hudson, J., & Nelson, K. (1984). Children’s
long-term memory for a novel event: An exploratory
study. Merrill-Palmer Quarterly (1982-), 30, 303–316.
Retrieved from https://www.jstor.org/stable/23086104

Gaigg, S. B., Bowler, D. M., & Gardiner, J. M. (2014). Epi-
sodic but not semantic order memory difficulties in aut-
ism spectrum disorder: Evidence from the historical
figures task. Memory, 22, 669–678. https://doi.org/10.
1080/09658211.2013.811256

Geng, F., Canada, K., & Riggins, T. (2018). Age and per-
formance-related differences in encoding during early
childhood: Insights from event-related potentials. Mem-
ory, 26, 451–461. https://doi.org/10.1080/09658211.
2017.1366526

Ghetti, S., & Bunge, S. A. (2012). Neural changes underly-
ing the development of episodic memory during mid-
dle childhood. Developmental Cognitive Neuroscience, 2,
381–395. https://doi.org/10.1016/j.dcn.2012.05.002

Ghetti, S., & Lee, J. (2011). Children’s episodic memory.
Wiley Interdisciplinary Reviews: Cognitive Science, 2(4),
365–373. http://dx.doi.org/10.1002/wcs.114

Greve, A., van Rossum, M. C. W., & Donaldson, D. I.
(2007). Investigating the functional interaction between
semantic and episodic memory: Convergent behavioral
and electrophysiological evidence for the role of famil-
iarity. NeuroImage, 34, 801–814.

Hasher, L., & Zacks, R. T. (1979). Automatic and effortful
processes in memory. Journal of Experimental Psychology:
General, 108, 356–388. https://doi.org/10.1037/0096-
3445.108.3.356

Hayne, H., & Imuta, K. (2011). Episodic memory in 3-
and 4-year-old children. Developmental Psychobiology, 53,
317–322. https://doi.org/10.1002/dev.20527

Heikkila, J., & Tiippana, K. (2016). School-aged children
can benefit from audiovisual semantic congruency dur-
ing memory encoding. Experimental Brain Research, 234,
1199–1207. https://doi.org/10.1007/s00221-015-4341-6

Howard, M. W., & Eichenbaum, H. (2015). Time and
space in the hippocampus. Brain Research, 1621,
345–354. https://doi.org/10.1016/j.brainres.2014.10.069

Hudson, J. A., Shapiro, L. R., & Sosa, B. B. (1995). Planning
in the real world: Preschool children’s scripts and plans
for familiar events. Child Development, 66, 984–998.
https://doi.org/10.1111/j.1467-8624.1995.tb00917.x

Kan, I. P., Alexander, M. P., & Verfaellie, M. (2009). Con-
tribution of prior semantic knowledge to new episodic
learning in amnesia. Journal of Cognitive Neuroscience,
21, 938–944. https://doi.org/10.1162/jocn.2009.21066

Kensinger, E. A., & Giovanello, K. S. (2005). The status of
semantic and episodic memory in amnesia. Brain mapping
and language. Hauppauge, NY: Nova Science.

Lah, S., & Smith, M. L. (2014). Semantic and episodic
memory in children with temporal lobe epilepsy: Do
they relate to literacy skills? Neuropsychology, 28,
113–122. https://doi.org/10.1037/neu0000029

Learmonth, A. E., Newcombe, N. S., Sheridan, N., &
Jones, M. (2008). Why size counts: Children’s spatial
reorientation in large and small enclosures. Developmen-
tal Science, 11, 414–426. https://doi.org/10.1111/j.1467-
7687.2008.00686.x

Lee, J. K., Wendelken, C., Bunge, S. A., & Ghetti, S.
(2016). A time and place for everything: Developmental
differences in the building blocks of episodic memory.
Child Development, 87, 194–210. https://doi.org/10.
1111/cdev.12447

Levine, B. (2004). Autobiographical memory and the
self in time: Brain lesion effects, functional neu-
roanatomy, and lifespan development. Brain and Cogni-
tion, 55(1), 54–68. http://dx.doi.org/10.1016/s0278-
2626(03)00280-x

Lourenco, S. F., & Frick, A. (2014). Remembering where:
The origins and early development of spatial memory.
In P. J. Bauer, R. Fivush, P. J. Bauer, & R. Fivush (Eds.),
The Wiley handbook on the development of children’s mem-
ory (Vols. I–III; pp. 367–393). Hoboken, NJ: Wiley-
Blackwell.

Maril, A., Avital, R., Reggev, N., Zuckerman, M., Sadeh,
T., Sira, L. B., & Livneh, N. (2011). Event congruency
and episodic encoding: A developmental fMRI study.
Neuropsychologia, 49, 3036–3045. https://doi.org/10.
1016/j.neuropsychologia.2011.07.004

Martin-Ordas, G., Atance, C. M., & Caza, J. S. (2014).
How do episodic and semantic memory contribute to
episodic foresight in young children? Frontiers in Psy-
chology, 5. https://doi.org/10.3389/fpsyg.2014.00732

Murphy, G. L. (2002). The big book of concepts. Cambridge,
MA: MIT Press.

Nelson, K., & Fivush, R. (2004). The Emergence of autobi-
ographical memory: A social cultural developmental
theory. Psychological Review, 111, 486–511. https://doi.
org/10.1037/0033-295X.111.2.486

Newcombe, N. S., Ratliff, K. R., Shallcross, W. L., & Twy-
man, A. D. (2010). Young children’s use of features to
reorient is more than just associative: Further evidence
against a modular view of spatial processing. Develop-
mental Science, 13, 213–220. https://doi.org/10.1111/
j.1467-7687.2009.00877.x

Olson, I. R., & Newcombe, N. S. (2014). Binding together
the elements of episodes. In P. J. Bauer & R. Fivush
(Eds.), The Wiley handbook on the development of children’s
memory (pp. 285–305). New York, NY: Wiley.

Pathman, T., Coughlin, C., & Ghetti, S. (2018). Space and
time in episodic memory: Effects of linearity and direc-
tionality on memory for spatial location and temporal
order in children and adults. PLoS One, 13, e0206999.
https://doi.org/10.1371/journal.pone.0206999

Pathman, T., Samson, Z., Dugas, K., Cabeza, R., & Bauer,
P. J. (2011). A “snapshot” of declarative memory: Dif-
fering developmental trajectories in episodic and auto-
biographical memory. Memory, 19, 825–835. https://
doi.org/10.1080/09658211.2011.613839

Piaget, J. (1970). Science of education and the psychology of
the child (D. Coltman, Trans.). London, UK: Longman.

14 Sipe and Pathman

https://doi.org/10.1016/j.neulet.2018.04.040
https://www.jstor.org/stable/23086104
https://doi.org/10.1080/09658211.2013.811256
https://doi.org/10.1080/09658211.2013.811256
https://doi.org/10.1080/09658211.2017.1366526
https://doi.org/10.1080/09658211.2017.1366526
https://doi.org/10.1016/j.dcn.2012.05.002
http://dx.doi.org/10.1002/wcs.114
https://doi.org/10.1037/0096-3445.108.3.356
https://doi.org/10.1037/0096-3445.108.3.356
https://doi.org/10.1002/dev.20527
https://doi.org/10.1007/s00221-015-4341-6
https://doi.org/10.1016/j.brainres.2014.10.069
https://doi.org/10.1111/j.1467-8624.1995.tb00917.x
https://doi.org/10.1162/jocn.2009.21066
https://doi.org/10.1037/neu0000029
https://doi.org/10.1111/j.1467-7687.2008.00686.x
https://doi.org/10.1111/j.1467-7687.2008.00686.x
https://doi.org/10.1111/cdev.12447
https://doi.org/10.1111/cdev.12447
http://dx.doi.org/10.1016/s0278-2626(03)00280-x
http://dx.doi.org/10.1016/s0278-2626(03)00280-x
https://doi.org/10.1016/j.neuropsychologia.2011.07.004
https://doi.org/10.1016/j.neuropsychologia.2011.07.004
https://doi.org/10.3389/fpsyg.2014.00732
https://doi.org/10.1037/0033-295X.111.2.486
https://doi.org/10.1037/0033-295X.111.2.486
https://doi.org/10.1111/j.1467-7687.2009.00877.x
https://doi.org/10.1111/j.1467-7687.2009.00877.x
https://doi.org/10.1371/journal.pone.0206999
https://doi.org/10.1080/09658211.2011.613839
https://doi.org/10.1080/09658211.2011.613839


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 Develop-
ment, 83(3), 1037–1050. http://dx.doi.org/10.1111/j.
1467-8624.2012.01736.x

Piolino, P., Giffard-Quillon, G., Desgranges, B., Chételat,
G., Baron, J. C., & Eustache, F. (2004). Re-experiencing
old memories via hippocampus: A PET study of auto-
biographical memory. NeuroImage, 22, 1371–1383.
https://doi.org/10.1016/j.neuroimage.2004.02.025

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