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A lack of retrieval practice effects
in children’s recognition and
recall memory of novel words
during storybook reading

Melina L. Knabe*, Catherine A. Bredemann and Haley A. Vlach

Department of Educational Psychology, University of Wisconsin-Madison, Madison, WI, United States

Introduction: Retrieval practice enhances adults’ long-term memory over
restudying. However, it is less clear whether young children also benefit from
retrieval practice. This study assessed whether retrieval practice could support
children’s novel word learning in the context of storybook reading.

Method: In Experiments 1-3, preschoolers (N = 167, Rangeage = 26-68
months) were presented with 10 novel word-object pairs across four consecutive
storybook readings. Half of the children were read the storybook four times (i.e.,
SSSS), whereas the other half of the children were read the storybook once and
were then asked to retrieve the novel words during the subsequent three readings
(i.e., STTT). Children’s recall and recognition memory for the novel words was
tested after a 5-min delay.

Results and discussion: Results revealed that although children had high retrieval
success during learning, retrieval practice did not provide an advantage over
re-reading for children’s recall (Experiment 1), even when additional mapping
and retrieval opportunities were provided (Experiment 2); that is, children who
engaged in retrieval practice did not outperform children who re-read the
storybooks. A retrieval practice effect also did not emerge in children’s recognition
memory of novel words (Experiment 3). Taken together, this study suggests
that retrieval practice may only benefit young children under specific learning
conditions. Future research should therefore consider characteristics of the
learner and broader learning context to explain developmental differences in
retrieval practice effects.
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Introduction

Words serve as the building blocks of language. Learning words also has important
implications for later learning; children’s vocabulary size predicts an array of academic
and life outcomes (e.g., Bleses et al., 2016; Morgan et al.,, 2016; Masrai and Milton, 2018).
Because language ability is critical for children’s development, researchers across disciplines
have studied the conditions that promote word learning. Specifically, researchers have been
interested in identifying how children remember words across time (Horst and Samuelson,
2008; Kucker and Samuelson, 2012; Vlach, 2019). This work has revealed that characteristics
of the learning environment can influence the degree to which children remember words
(e.g., Vlach et al., 2008; Vlach and Sandhofer, 2012; Twomey et al., 2014).
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One well-studied condition of the learning environment is
retrieval practice (also called the testing effect; Roediger and
Karpicke, 2006; Karpicke and Roediger, 2007; Pashler et al., 2007;
Kornell et al., 2009; Roediger and Butler, 2011; Marsh et al., 2012).
Studies on retrieval practice have found that practice testing oneself
on information is more effective for learning than simply re-
studying the information. In a typical retrieval practice paradigm
(e.g., Karpicke and Roediger, 2007; Karpicke and Blunt, 2011),
participants are assigned to one of two conditions: In the first
condition, participants study (S) the information, such as a word
list, before testing (T) themselves repeatedly (i.e., STTT condition).
In the second condition, participants study the information
repeatedly and do not test themselves (i.e., SSSS condition).
Learners are then asked to recall the learned information (e.g.,
words) at a delayed post-test. Results reveal that participants
who engage in retrieval practice outperform participants who
only engage in restudying (McDaniel et al.,, 2007; Rowland, 2014;
Karpicke and Aue, 2015).

This learning strategy has promoted long-term memory across
several contexts. For instance, retrieval practice enhances memory
for information in children and adults (e.g., Roediger and Karpicke,
2006; Roediger et al., 2011; Marsh et al., 2012; Coane, 2013;
Maddox and Balota, 2015). Retrieval practice is also effective
for learning different types of information, such as simple word
lists (Bouwmeester and Verkoeijen, 2011; Goossens et al., 2014;
Karpicke etal., 2016) and more educationally-relevant information,
such as geography knowledge, encyclopedic facts, and science
concepts (e.g., Rohrer et al., 2010; McDaniel et al., 2013; Jaeger et al.,
2015). Indeed, researchers have identified the testing effect as one of
the most replicable learning phenomena in psychological science
(e.g., Dunlosky et al., 2013; Rowland, 2014).

Several theories have been proposed to explain the retrieval
practice effect (for reviews, see Rowland, 2014; Endres and Renkl,
2015), attributing the effect to general retrieval and forgetting
dynamics (e.g., elaborative retrieval theory; Carpenter, 2009).
These theories posit that learners begin to forget information
shortly after studying, which makes retrieval—or the process
effortful
because the information becomes less accessible to the learner.

of obtaining information from memory—more
Counterintuitively, learners benefit from effortful retrieval. The
act of retrieving slows forgetting of information and increases
the likelihood of retrieving the learned information after a time
delay (Bjork, 1988; Bahrick and Hall, 2005; Pyc and Rawson,
2009). As a result, learners who practice testing themselves
outperform learners who do not, leading to the observed retrieval
practice effect.

Although retrieval practice appears to be a robust learning
strategy across the lifespan, there is a clear gap in the literature:
studies on retrieval practice effects in children largely focus on
those who have started formal schooling (i.e., children who are 6
years or older). Thus, we do not know much about the conditions
under which retrieval practice can support learning in 0- to 5-year-
old children (see Fazio and Marsh, 2019, for a discussion of this
issue). Existing studies on retrieval practice in young children have,
however, rendered mixed results. For instance, retrieval practice,
when embedded in a spaced schedule, enhanced preschoolers’
memory for words and concepts (e.g., Fritz et al., 2007; Ritchie
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et al, 2013). This finding was also observed in preschoolers’
memory for past events (Hudson, 1990; Hudson and Sheffield,
1998). However, other studies have observed no benefit of retrieval
practice in young children (Poole and White, 1991; Ornstein et al.,
2006; Goossens et al., 2014; Karpicke et al., 2014). For instance,
preschoolers performed comparably on a cued-recall task when
the experimenter provided the word for a cue (snow-white) vs.
when children were asked to generate the word themselves (e.g.,
5 Carneiro et al, 2018). What might explain these
mixed findings?

One explanation is that children’s memory abilities vary

SNOW-

considerably and thus moderate the magnitude of the retrieval
practice effect (Bouwmeester and Verkoeijen, 2011). For instance,
prior work has shown that young children rapidly forget
information and thus struggle to retrieve previously learned
information (e.g., Brainerd et al, 1990; Ghetti and Angelini,
2008; Vlach and Sandhofer, 2012). This might be a result of
information being poorly learned initially (low storage strength)
and/or an inability to retrieved learned information well (low
retrieval strength) (Bjork and Bjork, 1992). Retrieval practice may
therefore be too taxing to benefit young children’s word learning;
that is, children forget the learned information too quickly and fail
to retrieve the information after a delay, leading to the absence of
a retrieval practice effect. Indeed, prior studies have shown that
additional retrieval supports, such as partially completed answer
sheets, are needed to elicit a retrieval practice effect in children (e.g.,
Karpicke et al., 2014). Tt is therefore plausible that young learners
only benefit from retrieval practice when appropriate supports—or
scaffolds—are provided during learning.

Current study

The present study addressed the lack of research on retrieval
practice in young children by assessing whether retrieval practice
can promote memory for novel words learned from storybooks.
Storybook reading was chosen as the experimental context for the
study because it is a common word learning medium for young
children in experimental and naturalistic studies (e.g., Montag
et al., 2015; Flack et al., 2018). Storybooks expose children to new
words and serve as important word learning opportunities for
preschoolers (e.g., Silverman, 2007; Wasik et al., 2016).

Experiment 1 examined whether retrieval practice enhanced
children’s recall memory of novel words learned via storybook
reading. Preschool-aged children were read a storybook
consecutively four times where they learned 10 novel words.
Half of the children heard the novel words read on all four
storybook readings (i.e., SSSS), whereas the other half of the
children heard the novel words read on the first reading and were
then asked to retrieve the newly learned words on the next three
readings (i.e., STTT). This paradigm models what has been used in
previous studies of retrieval practice (Karpicke and Roediger, 2007;
Karpicke and Blunt, 2011). Children’s retrieval memory for the
new words was assessed after a 5-min delay. Experiment 2 assessed
whether a retrieval practice effect could be elicited if additional
word mapping and retrieval opportunities were provided during

the storybook readings. Finally, Experiment 3 had a similar
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design to Experiments 1-2, except children were tested on their
recognition memory of the novel words after a 5-min delay.

We hypothesized that retrieval practice would benefit children’s
memory for newly learned words. The retrieval practice effect
is a highly replicable phenomenon and evidence for the benefit
of retrieval practice has been found in children (e.g., Hudson,
1990; Hudson and Sheffield, 1998; Fritz et al., 2007; Ritchie
et al., 2013). The alternative hypothesis was that children would
not benefit from retrieval practice. Indeed, previous research has
sometimes observed null effects, which have been attributed to
significant memory constraints in early childhood that impact
how well information is stored and retrieved (Poole and White,
1991; Ornstein et al., 2006; Goossens et al., 2014; Karpicke et al.,
2014). Taken together, these studies were designed to expand our
understanding of the conditions under which retrieval practice is
beneficial for children’s memory for words.

Experiment 1

Experiment 1 assessed whether retrieval practice would support
children’s recall memory for words. Across two conditions, children
engaged in passive word mapping (i.e., studying) or retrieval
practice (i.e., testing). Children’s retrieval success was measured
during learning. After a delay, children’s memory was assessed
using a recall memory task where they were asked to produce
the word for a referent. We predicted that children who engaged
in retrieval practice during storybook reading would outperform
children who engaged in passive word mapping.

Method

Participants

The participants were 65 typically developing preschool-aged
children (Mage = 45.20, SD = 9.53; range: 26-67 months, 34 girls)
recruited from local daycare centers and preschools. An additional
two children participated in the study but were not included in the
final sample because of fussiness and inability to follow directions
during the experiment. This age range was chosen because it
is a period of early development in which children are actively
acquiring new words. A power analysis, using Cohen’s s d and
an estimate of a large effect size (d = 0.85), was conducted to
determine a sample size that will provide at least 80% power. An
effect size was collected from a retrieval practice effect study that
was closest to the age range in our target sample (ds > 1.0; e.g., Fritz
et al., 2007). A power analysis (GPower 3.1.) for an independent
samples t-test, with o = 0.05, yielded a sample size of at least 25
participants per condition to achieve 90% power. Thus, we collected
data for 6 months or until we reached at least 50 participants. The
participants came from a convenience sample or primarily middle-
to upper-socioeconomic status households. Children received a
storybook as a thank you for their participation.

Apparatus and stimuli
The experimental stimuli (Figure 1) were presented in a
storybook format with 10 laminated pages (9" x 11”). The
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storybook format was chosen for the word learning task because
research demonstrates that children’s storybooks can be facilitative
for word learning and imitate a naturalistic word learning setting
(e.g., Ninio, 1983). The storybook narrative (“My Very Own
Birthday Cake”) followed a child named Davey who bakes a cake for
his birthday. Visual stimuli consisted of two-dimensional colorized
line drawings of scenes, characters, familiar objects (e.g., flower,
cookie jar, dog, carrots, milk, mixing bowl, spoon, candles, birthday
cake) and novel objects. Scene settings included a bedroom, a
kitchen, the front of a house, a grocery store, and a garden.
These scenes were selected because they are all familiar spaces for
children. Each scene either displayed the main character (“Davey”),
or the main character with his friend (“Shannon”), baby brother
(“Max”), or grandmother. The novel objects were displayed on five
out of the 10 pages in the presence of novel and familiar distractor
objects. In total, children saw 10 novel objects that were randomly
assigned a set of 10 novel labels (i.e., wug, dax, fep, nola, blicket, gips,
motch, boam, toma, hap) following American English phonotactics.

Design

Included in the design were two experimental conditions which
modeled other retrieval practice effect study conditions. In seminal
studies of the retrieval practice effect (e.g., Roediger and Karpicke,
2006), to-be-learned items are presented to participants on either a
massed schedule, in which items are presented passively (i.e., SSSS),
or on a spaced schedule, in which participants engage in active
retrieval of items during learning (i.e., STTT). Half of the children
were assigned to a Passive Reading Condition (i.e., Read Condition,
N = 33); half of the children were assigned to a Retrieval Practice
Condition (i.e., Retrieval Condition, N = 32). Testing occurred
after a 5-min delay so that children had to retrieve words from
long-term memory.

Procedure

The experiment contained three phases: a learning phase,
retention phase, and a testing phase (Figure 2). Before beginning
the experiment, the children were told that they would be read a
story about a boy named Davey making a birthday cake. They were
also told that that they would be hearing the story four times before
answering questions about the story.

Learning phase

The experimenter pointed to and labeled the objects on
readings 1-4 in the Read Condition (i.e., “I'll put the wug on
the cake. This one is the wug.”). For the Retrieval Condition, the
experimenter pointed to and labeled the object on the first read-
through (i.e., “I'll put the wug on the cake. This is one the wug.”).
Importantly, on readings 2-4, the experimenter incorporated a
retrieval test (i.e,, “Tll put the wug on the cake. What is this one
called?”). Children were asked to produce the target label. No
feedback was provided and children’s responses to the retrieval test
during storybook reading were recorded by the experimenter.

Retention phase
The learning phase was followed by a 5-min delay,
during which children participated in an unrelated activity
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Scenes of “My Very Own Birthday Cake”:

LA 2 A RAAMAA RS} 2 B0

Novel Objects
b ‘
0¥ 7

Familiar Objects
\/J

%8

Stimuli used during the experiment. Stimuli included 10 storybook scenes, 10 novel objects, and 10 familiar objects.

retrieve information from long-term memory (Horst and

(e.g., playing with a familiar toy, putting stickers on paper).
2008; Kucker and Samuelson, 2012; Vlach,

This retention interval was chosen because children rapidly  Samuelson,
forget words in as short as 5min, after which they must 2019). The benefit of retrieval practice typically emerges
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“lll put the wug on the
cake. What is this

Format of learning and testing phase for the Read Condition and Retrieval Condition of Experiment 1.

“What is this one

called?
one called?’

after a time delay when learners engage in long-term

memory retrieval.

Testing phase

Following the 5-min retention interval, the experimenter
presented children with a recall test consisting of 10 trials.
Each trial displayed one of the target objects. The experimenter
prompted the child to produce the target label by asking, “What
is this one called?”. Each target novel object was tested once.
The experimenter did not provide feedback throughout testing.
Children’s answers were recorded on a response sheet as correct
or incorrect. Children’s responses were also coded for phonological
overlap with the target label (e.g., the onset phoneme of the child’s
response matched the onset phoneme of the target novel label).
If no answer was selected, the trial was left blank and scored
as incorrect.

Transparency and openness

We report how we determined our sample size, all data
exclusions, all manipulations, and all measures. All data
and analyses for Experiments 1-3 are available at https://
This
not pre-registered.

osf.io/y6ges/. study’s design and its analysis were
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Results and discussion

The aim of Experiment 1 was to assess whether a retrieval
practice effect would emerge with a recall memory task. We
predicted that retrieval practice would enhance memory for the
novel words in comparison to restudying. We began our analyses by
examining whether children in the Retrieval Condition successfully
retrieved the novel words during the Learning Phase. After all,
a central assumption of research on retrieval practice is that an
optimal amount of difficulty is necessary to boost learning (Bjork,
1994; Bjork and Bjork, 2009; Roediger and Butler, 2011). Thus, if
the effort necessary to retrieve words is too low or too high in this
study, a retrieval practice effect may not be observed. The number
of words retrieved out of 30 trials during the Learning Phase served
as the outcome variable. Because word retrieval violated normality,
W = 0.86, p < 0.001, a one-sample Wilcoxon signed rank test was
used. This analysis revealed that recall performance during learning
was significantly above 0 (M = 21.06, SD = 9.13), V = 528, p <
0.001. These results suggest that children were able to retrieve the
new words during the Learning Phase.

Our next question was whether recall success during learning
led to better post-test performance for children in the Retrieval
Condition. To answer this question, we compared post-test
performance between the experimental conditions. Performance
was measured as the number of correct trials out of 10 total trials

frontiersin.org
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FIGURE 3
Average number of correct target words and phonetic information recalled on free recall test by condition in Experiment 1. Significance is denoted
by *p < 0.05.

on the recall test. The number of correct trials was right-skewed and
violated normality as measured by a Shapiro-Wilk normality test in
the Read Condition, W = 0.50, p < 0.001, and Retrieval Condition,
W =0.17, p < 0.001. A Mann-Whitney U-test was therefore used
to assess differences in recall performance at post-test between the
Read Condition (M = 0.21, SD = 0.42) and Retrieval Condition (M
= 0.06, SD = 0.35; Figure 3). This analysis revealed significantly
higher recall performance in the Read Condition in comparison to
the Retrieval Condition, W = 620, p = 0.035.

These findings did not support our prediction: even though
children who engaged in retrieval practice successfully recalled
words during learning, they did not outperform children who
engaged in restudying. Moreover, memory performance across
both groups was low, with children recalling an average of 0-
2 words out of 10. One explanation for this low performance
is that learning was defined as recalling the entire word
accurately. That is, if a child produced the word “wuk as
opposed to “wug they would be scored as not knowing the
word. Might the results differ if we considered the overlap
between the target words and the onset phonemes of the words
children produced?

To answer this question, we assessed the number of produced
words that overlapped phonologically with the target words out of
10 trials. The number of these words was again right-skewed and
violated a Shapiro-Wilk normality test in the Read Condition, W
= 0.71, p < 0.001, and Retrieval Condition, W = 0.58, p < 0.001.
However, a Mann-Whitney U-test revealed that the number of
phonetically-similar words retrieved was not significantly different
in the Read Condition (M = 1.61, SD = 2.41) vs. the Retrieval
Condition (M = 0.62, SD = 1.16), W = 653, p = 0.07 (Figure 3).
These results demonstrate that children in both conditions partially

Frontiers in Developmental Psychology

TABLE 1 Simple linear regression analysis for Experiment 1.

Variable b SE, B
Intercept 0.009 0.036

Age —0.00 0.001 0.012
Proportion of retrieval successes —0.007 0.022 —0.06
R 0.004

Adjusted R —0.065

No. of obs. 31

Outcome variable is proportion of correct responses on free recall post-test.

encoded the word forms. Although children who restudied the
words had higher recall memory for the phonetic information due
to the additional encoding opportunities (Larsen-Freeman, 2012),
this difference did not reach significance.

Another question that emerged from these findings is whether
retrieval success during learning predicted retrieval success at test.
The results of a simple linear regression analysis demonstrated that
retrieval success during learning did not significantly predict recall
success at test (Table 1). This means that children who successfully
retrieved the novel words throughout the storybook readings did
not perform better on the final recall memory task than children
who did not successfully retrieve the novel words during learning.
One explanation for this finding is that post-test performance was
not high enough to capture meaningful variation between children.

Taken together, our findings from Experiment 1 did not align
with prior research that has observed better memory performance
for children who engage in retrieval practice (Hudson, 1990;
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Fritz et al,, 2007; Ritchie et al., 2013). Even when we considered
phonological overlap between the target words and produced
words, children’s recall performance at test was low. These results
align with other studies that have shown low recall of word forms
on production tasks (e.g., Leonard et al., 2021). Providing children
with additional exposure to the words and feedback on their
responses might be a promising strategy for increasing retrieval
success (see Fazio and Marsh, 2019 for similar recommendations).
Indeed, prior research has found that providing feedback can
enhance the benefits of retrieval practice (Pashler et al, 2007;
Roediger and Butler, 2011). The goal of Experiment 2 was therefore
to include additional word mapping and retrieval opportunities
during storybook reading.

Experiment 2

Experiment 2 examined whether a retrieval practice effect
could be elicited if additional mapping and retrieval opportunities
were provided during storybook reading. All children were read
the storybook once. After the first reading, half of the children
were given the words for the novel objects before being asked to
recall the words again (Naming + Question). The other half of
the children were asked to recall the words for the novel objects
before being given the words again (Question + Naming). After
a delay, children’s memory was assessed using a recall memory
task, in which they were asked to produce the word for a target
object. Based on Experiment 1, we predicted that children who
heard the words named before engaging in retrieval practice would
outperform the children who engaged in retrieval practice first, as
this would increase retrieval success during learning.

Method

Participants

The participants were 52 typically developing preschool-aged
children (Mage = 47.20, SD = 11.33; range: 27-68 months, 27
girls) recruited from local day care centers and preschools. The
participants came from a convenience sample or primarily middle-
to upper-socioeconomic status households. Children received a
storybook as a thank you for their participation.

Apparatus and stimuli
The experimental stimuli were similar to Experiment 1.

Design

The design was similar to Experiment 1. However, children
in this experiment were presented with the storybook learning
material in either a Question + Naming Condition (n = 26) or a
Naming + Question Condition (n = 26).

Procedure
The procedure for Experiment 2 was similar to Experiment 1,
with a notable difference in the experimental conditions (Figure 4).
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Learning phase

Children in both conditions were introduced to the labels on
the first reading via the experimenter pointing to and labeling
the object (i.e., “Tll put the wug on the cake. This one is the
wug.”). On readings 2-4 in the Naming + Question Condition, the
experimenter pointed to and labeled the object before asking the
child to retrieve the label (i.e., “T'll put this one on the cake. This one
is the wug. What is this one called?”). In the Question + Naming
Condition, the experimenter asked the child to retrieve the label
before pointing to and labeling the object (i.e., “T'll put this one on
the cake. What is this one called? This one is the wug.”). Children’s
responses to the retrieval test were recorded by the experimenter
and the experimenter did not let the children know whether their
retrieval attempt was correct or incorrect.

Retention phase
The retention phase was identical to Experiment 1.

Testing phase
The testing phase was identical to Experiment 1.

Results and discussion

The aim of Experiment 2 was to assess whether a retrieval
practice effect would emerge in a recall memory task if additional
mapping and retrieval opportunities were provided during
learning. We predicted that children who heard the novel objects
named before retrieval (Naming + Question Condition) would
outperform children who retrieved the names first (Question
+ Naming Condition), as this would increase the likelihood of
retrieval success. We began our analyses by examining whether
children in both conditions successfully retrieved the novel words
during the Learning Phase. Performance was calculated as the
proportion of correct trials out of 30 trials. Because word retrieval
was again skewed and violated a Shapiro-Wilk test of normality
for the Naming + Question Condition, W = 0.75, p < 0.001, and
Question + Naming Condition, W = 0.78, p = 0.018, a one-sample
Wilcoxon signed rank test was used. This analysis revealed that
recognition performance during learning was significantly above 0
for the Naming + Question Condition (M = 27.88, SD = 2.98), V
= 351, p < 0.001, and the Question + Naming Condition (M =
25.31, SD = 5.56), V = 351, p < 0.001. These results demonstrate
that additional retrieval and naming supports did boost children’s
retrieval success during learning.

Next, we examined whether post-test performance differed
between the two conditions. Performance was calculated as the
number of correct trials out of 10 total trials on the recall test. The
number of correct trials was right-skewed and violated normality
in the Naming + Question Condition, W = 0.67, p < 0.001, and
the Question + Naming Condition, W = 0.45, p < 0.001. A Mann-
Whitney U-test did not reveal any differences in recall performance
at post-test between the Naming + Question Condition (M = 0.46,
SD = 0.71) and Question + Naming Condition (M = 0.19, SD =
0.49), W = 404, p = 0.110 (Figure 5).

Much like Experiment 1, we assessed whether retrieval success
during learning predicted retrieval success at test. The results
of a simple linear regression analysis demonstrated that retrieval
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TABLE 2 Simple linear regression analysis for Experiment 2.

Variable b SE, B
Naming + Question

Intercept 0.194 0.146

Age 0.001 0.001 0.156
Proportion of retrieval successes —0.212 0.152 —0.30
R? 0.098

Adjusted R? 0.008

No. of obs. 22

Question + Naming

Intercept —0.047 0.074

Age 0.00 0.001 0.067
Proportion of retrieval successes 0.063 0.067 0.204
R? 0.047

Adjusted R? —0.048

No. of obs. 22

Outcome variable is proportion of correct responses on forced-choice recognition post-test.

success during learning did not significantly predict retrieval
success at test, controlling for age (Table 2). These results resemble
the null findings from Experiment 1; in both experiments, the final
post-test was a production task that yielded low performance and
therefore low variation between children.

Because the post-test involved a recall memory task, we also
assessed whether the produced words shared the same phoneme
onset as the target words. Performance was calculated as the
proportion of produced words that overlapped phonologically with
the target words out of 10 trials. The number of these words was
again right-skewed and violated a Shapiro-Wilk normality test in
the Naming + Question Condition, W = 0.84, p < 0.001, and
Question + Naming Condition, W = 0.83, p < 0.001. A Mann-
Whitney U-test was therefore used to assess differences between
groups and revealed no significant difference in the number
of phonetically-similar words retrieved between the Naming +
Question Condition (M = 1.93, SD = 1.98) vs. Question + Naming
Condition (M = 1.19, SD = 1.26), W = 399, p = 0.25 (Figure 5).

The results of Experiment 2 again did not support our
prediction: Children who heard the novel words before being
asked to retrieve them did not outperform children who retrieved
the words first. This was surprising because overall retrieval
success during learning was very high for the Naming + Question
Condition. Children in this condition retrieved on average 9.19 out
of 10 target words (SD = 1.04) in the second read-through, 9.34
target words (SD = 1.08) in the third read-through, and 9.68 target
words (SD = 0.73) in the final read-through of the storybook. Why
did children in the Naming + Question Condition not outperform
children in the Question + Naming Condition at test? Prior work
has found that retrieval attempts—even when unsuccessful—can
benefit learning if feedback is provided (e.g., Richland et al., 2009;
Roediger and Butler, 2011; Grimaldi and Karpicke, 2012; Kornell,
2014; Kornell and Vaughn, 2016). That is, correctly remembering
the word (a successful retrieval attempt) and receiving feedback
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after an unsuccessful retrieval attempt can have the same benefit
for learning. This might explain why performance did not differ
significantly between the two conditions.

In summary, the results from Experiment 2 demonstrate that
a retrieval practice effect did not emerge with additional mapping
and retrieval opportunities, regardless of how these supports were
provided and children’s retrieval success during learning. These
findings suggest that simply providing additional memory supports
during learning is not sufficient to bolster children’s recall at test.
However, it is possible is that the final recall task was too difficult to
elicit a retrieval practice effect in Experiment 1 and 2. Prior studies
have demonstrated that children struggle to recall words and other
learned information after short time delays (e.g., Cole et al., 1971;
Jablonski, 1974; Tversky and Teiffer, 1976; Dirks and Neisser, 1977;
Cohen and Stewart, 1982; Ackerman, 1984; Horst and Samuelson,
2008; Vlach et al., 2008). In contrast, young children are better
at recognizing previously learned information (e.g., Tversky and
Teiffer, 1976; Brown et al., 1982). A retrieval practice effect might
therefore be observed with a recognition memory task instead
of a recall memory task. The aim of Experiment 3 was to test
this possibility.

Experiment 3

Experiment 3 examined whether a retrieval practice effect could
be elicited for children’s recognition memory of novel words in the
absence of additional mapping and retrieval opportunities during
learning. Across two conditions, children engaged in passive word
mapping or retrieval practice. Children’s retrieval success was again
measured during learning. After a delay, children’s memory was
assessed using a recognition memory task, in which they were
asked to select a target object among an array of objects. We
predicted that children who engaged in retrieval practice during
storybook reading would outperform children who engaged in
passive word mapping.

Method

Participants

The participants were 50 typically developing preschool-aged
children (M,ge = 47.94, SD = 11.67; range: 25-59 months, 19 girls)
recruited from local daycare centers and preschools. An additional
14 children participated in the study but were not included
in the final sample because of fussiness and inability to follow
directions during the experiment (e.g., repeatedly choosing the
object on the left side of the screen). The participants came from a
convenience sample or primarily middle- to upper-socioeconomic
status households. Children received a storybook as a thank you for
their participation.

Apparatus and stimuli

The experimental stimuli were similar to Experiments 1-2,
except for the testing phase trials: rather than producing a label
after seeing an image of the target object (as was the procedure
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in Experiment 1 and 2), children heard the label and selected the
corresponding target object from among three objects.

Design

The design was similar to Experiment 1. Children in this
experiment were presented with the storybook learning material in
either a Passive Reading Condition (n = 25) or a Retrieval Practice
Condition (n = 25).

Procedure
The procedure was similar to Experiment 1, with a notable
difference in the testing trials (Figure 6).

Learning phase
The learning phase was identical to Experiment 1.

Retention phase
The retention phase was identical to Experiment 1.

Testing phase

Following the 5-min retention interval, the experimenter
presented children with a forced-choice recognition test comprised
of 10 trials. Each trial included a target novel object, a distractor
novel object, and a familiar object from the story. The experimenter

Frontiers in Developmental Psychology

asked children to identify the target novel object from the three
objects presented on screen by saying, “Which one is the wug?”.
All three objects had appeared together in a scene and chance
performance was at 33.33%. The experimenter did not provide
feedback throughout testing. Children’s answers were recorded on
a response sheet. If no answer was selected, the trial was left blank
and scored as incorrect.

Results and discussion

The aim of Experiment 3 was to assess whether a retrieval
practice effect would emerge with a recognition memory task.
We predicted that retrieval practice would enhance memory
performance for the novel words in comparison to restudying.
First, we examined whether children in the Retrieval Condition
successfully retrieved the novel words during the Learning Phase;
an important requirement for observing retrieval practice effects
at test. Performance was calculated as the number of correct trials
out of 30 trials during the Learning Phase. Because the number of
words retrieved during the Learning Phase violated a Shapiro-Wilk
test of normality, W = 0.90, p = 0.018, a one-sample Wilcoxon
signed rank test was used to assess children’s word retrieval. This
analysis revealed that recognition performance during learning was
significantly above 0 (M = 22.44, SD = 6.53), V = 325, p <
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Retrieval Condition

TABLE 3 Simple linear regression analysis for Experiment 3.

Variable b SE, B
Intercept —0.021 0.158

Age 0.002 0.003 0.102
Proportion of retrieval successes 0.803* 0.149 0.748
R 0.617

Adjusted R? 0.582

No. of obs. 25

Outcome variable is proportion of correct responses on forced-choice recognition post-test.
*p < 0.05.

0.001, suggesting that children were able to retrieve the new words
during learning.

Next, we examined whether retrieval practice during learning
led to better post-test performance for children in the Retrieval
Condition. To answer this question, we compared post-test
performance between the experimental conditions. Performance
was measured as the number of correct trials out of 10 total trials
on a recognition memory test. A Shapiro-Wilk normality test
revealed that the normality assumption was not violated in the Read
Condition, W = 0.94, p = 0.13, and Retrieval Condition, W =
0.93, p = 0.08. We therefore compared the mean number of words
recognized between conditions using an independent samples ¢-
test. This analysis revealed no significant difference in post-test
performance between the Read Condition (M = 7.40, SD = 1.80)
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and Retrieval Condition (M = 6.88, SD = 2.33), t(43) = 0.882, p =
0.382,d = 0.24 (Figure 7).

Much like Experiments 1-2, our prediction was not supported:
children who engaged in retrieval practice did not outperform
children who engaged in restudying, even though they showed
retrieval success during learning. Unlike Experiments 1-2,
however, the results of a simple linear regression analysis
demonstrated that retrieval success during learning significantly
predicted retrieval success at test, controlling for age (Table 3).
This means that children who could successfully retrieve the novel
words throughout the storybook readings also performed better
on the final recognition memory task. One explanation for this
finding is that retrieval success at test was high enough to capture
meaningful variation between children. Nonetheless, children did
not demonstrate a retrieval practice effect when tested using a
less demanding recognition memory task as opposed to a free
recall test. The implications of these findings are outlined in the
General Discussion.

General discussion

Increasing retrieval opportunities during learning leads to
stronger long-term memory in older children and adults (Roediger
and Karpicke, 2006; McDaniel et al., 2007; Marsh et al., 2012).
The aim of the present study was to assess whether retrieval
practice could also support preschoolers’ memory for novel words
in the context of storybook readings. Experiments 1-3 revealed
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that retrieval practice did not provide an advantage over re-reading
for children’s recall and recognition memory of novel words at
test, even though children could successfully map and retrieve
the novel words during the storybook readings. Their success
during learning was especially pronounced in Experiment 2 when
additional retrieval supports (i.e., additional naming opportunities
or feedback) were provided.

Despite high retrieval success during learning in all three
experiments, we found null effects at test: Children struggled to
retrieve the novel words, regardless of the test format (i.e., recall
vs. recognition test). This study is not the first to find null effects
in children. Studies with preschoolers and kindergarteners have
found that retrieval practice does not benefit memory performance
(Carneiro et al., 2018). Moreover, studies with school-aged children
have found that young learners struggled to recall educational
texts, even when the texts were available to them throughout
testing (Karpicke et al.,, 2014). Performance was only improved
after substantial memory supports were provided (i.e., children
filled out a partially completed concept map). However, too much
scaffolding at test can also lead to null results: in one study, retrieval
practice benefited a fill-in-the-blank vocabulary test but did not
benefit performance on a multiple-choice test due to ceiling effects
(Goossens et al., 2014). Why does retrieval practice fail to improve
children’s learning in these situations?

To answer this question, we must consider why retrieval
practice is effective for learning outcomes. Retrieval is an example
of a cognitively effortful process that can be viewed as the
bottleneck of the memory system. Whereas the capacity to store
information in long-term memory is theoretically infinite, the
capacity for retrieval is limited (Bjork and Bjork, 1992; Anderson
and Neely, 1996). Retrieval is therefore effortful, yet learners
increase the likelihood that they will retrieve information at a later
point when they have difficulty accessing the information initially
(Bjork, 1988; Bahrick and Hall, 2005; Pyc and Rawson, 2009).
However, how difficult it is to access this information is related to
how well it was learned, or stored, initially (Bjork and Bjork, 1992;
McDaniel and Butler, 2011).

This distinction between storage and retrieval strength leads
to two specific—thus far untested—hypotheses as to why retrieval
practice might fail to enhance learning in young children. One
hypothesis is that young children experience memory constraints,
such as poor free recall and retrieval abilities, that hamper retrieval
practice effects (Ghetti and Lee, 2011). We tested this conjecture
in two ways: first, we incorporated additional retrieval supports in
Experiment 2. Hearing the novel words named again and engaging
in additional retrieval practice did increase retrieval success during
learning but did not enhance learning at test. One explanation for
this finding is that the frequency of retrieval attempts was increased,
but not the spacing between learning and retrieval practice; that
is, children engaged in retrieval practice immediately after hearing
the novel words and not at a delay. Prior work has demonstrated
that spacing out retrieval opportunities improves retention in
comparison to providing immediate retrieval practice (Karpicke
and Roediger, 2007; Haebig et al., 2019; Leonard and Deevy, 2020;
Leonard et al., 2021, 2022). Spacing out retrieval practice in time
might have engaged the retrieval processes necessary to successfully
retrieve the words at test.
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Another explanation for the poor recall at test is that children
might have forgotten the words between the Learning and Testing
Phases. After all, prior work has found that children rapidly forget
verbal information across short periods of time (e.g., Brainerd
et al., 1990; Ghetti and Angelini, 2008; Vlach and Sandhofer,
2012). Because the words in the storybook were novel, children
might not have retained them long enough to retrieve them
at test. To slow forgetting and enhance retrieval at test, future
studies should improve how well the novel words are stored (their
storage strength) by including fewer words or providing additional
exposures to each word.

Second, we administered a forced-choice recognition memory
test in Experiment 3 to see whether retrieval practice effects would
emerge with a test format that posed fewer memory demands;
however, this change to the test format did not lead to a retrieval
practice effect.

Another hypothesis for why there was an absence of a retrieval
practice effect is that young children differ from adults in their
prior knowledge (e.g., Bjorklund, 1987; Shing and Brod, 20165
Knabe and Vlach, 2020); children are new learners and have
acquired less knowledge than older children and adults. Studies
have shown that the amount of prior knowledge affects how well
newly learned information is stored and retrieved (Chi, 1978;
Schneider et al., 1993; Elischberger, 2005; Brod et al., 2013). Thus,
retrieval practice effects may only be observed when learners have
rich semantic networks for the to-be-learned information. Verbal
recall was likely challenging in the present study because children
had to learn completely novel words (e.g., wug, dax, fep, nola,
blicket, gips, motch, boam, toma, hap). This means they had no
prior experience with these words other than their familiarity
with English phonotactics. Thus, the results might have differed
if a cued-recall technique had been used for the recall test (i.e.,
“What is this one called? It’s a bli...”) or the study had included
familiar, early-acquired words (e.g., ball, dog, shoe), with higher
initial storage strength.

There are other possible explanations for the null results
beyond learners’ prior knowledge: retrieval practice effects may
disappear for children in organic learning situations that involve
complex stimuli (e.g., storybooks) and dynamic social interactions
(e.g., parent-child dyads) (see Van Gog and Sweller, 2015, for a
review on this issue in adults). Storybooks are complex learning
tasks for preschoolers because they include a myriad of novel
words, speakers, background scenes, an overarching narrative, and
a reader. Indeed, research on novel word learning from storybooks
has revealed that children learn associations beyond words and
objects, and that word learning suffers when children track these
additional associations (Knabe and Vlach, 2023). Together with
their limited prior knowledge, complex learning situations might
make retrieval practice too difficult for young children.

An important next step in research is therefore to assess when
retrieval practice benefits young children’s learning. For instance,
researchers should use verbal stimuli that vary in difficulty (familiar
words vs. novel words) to determine how prior knowledge affects
retrieval practice. Retrieval practice should also be embedded in
laboratory-based tasks (e.g., paired-associates task) and organic
learning environments (e.g., preschool classrooms, parent-child
dyads) to determine how the implementation of retrieval practice
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influences memory performance. Finally, this work should be
conducted in a broad age and language ability range to account for
developmental differences in retrieval practice effects (see Hacbig
etal., 2019; Leonard and Deevy, 2020; Leonard et al., 2021, 2022 for
work on retrieval practice in children with developmental language
disorder). These endeavors will contribute to theoretical accounts
that can explain developmental differences in retrieval practice
effects. Indeed, existing theories explaining retrieval practice effects
across different populations remain underdeveloped, even though
retrieval practice is widely implemented in research and practice
(Rowland, 2014).

In summary, researchers have claimed that retrieval practice is
one of the most replicable learning phenomena in psychological
science. For certain populations, such as college-aged students in
university participant pools, and certain tasks, such as lab-based
memory studies, that may be true. However, the current research
found that preschoolers did not benefit from retrieval practice
in a novel word learning paradigm, even after experiencing high
retrieval success and receiving additional memory supports during
learning. These results, combined with other null results in the
literature, suggest that retrieval practice may only emerge with
young children under specific conditions. Future research should
therefore seek to identify the factors that predict when retrieval
practice effects emerge across different populations. Critically,
researchers should consider the developmental state of the learner
and broader learning context when developing strategies to support
memory retrieval.
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