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ABSTRACT

Purpose: Laboratory-based word learning research demonstrates that retrieval-
based practice supports learning and retention more than passive training strat-
egies. The goal of the current study was to determine whether incorporating
retrieval-based practice into an interactive book reading intervention contributed
to better learning and retention for children with developmental language disor-
der (DLD) than a more passive version.

Method: Kindergarten children with DLD (N = 37) completed the intervention
administered twice a week for a total of 15 sessions. The between-participants
conditions varied in the proportion of retrieval opportunities (high, mid, low).
Learning of word forms and meanings were assessed throughout training,
immediately after training, and after 4-, 8-, and 12-week delays.

Results: The proportion of retrieval opportunities did not relate to learning or
retention. Children who started the intervention with more language knowledge
and skills produced more forms and meanings correctly during and after treat-
ment. Few factors related to the learning and forgetting rates. Maternal educa-
tion related positively to learning rate of forms. Children who produced more
definitions during training and females, as opposed to males, demonstrated a
shallower forgetting rate of definitions.

Conclusions: Both the more passive version and the retrieval-based version of
the intervention were effective to support word learning in children with DLD.
Overall, pretreatment characteristics did not provide a good indication of chil-
dren’s learning rate or posttraining forgetting rate. Thus, it is likely that frequent
assessments during training are the best indicator of intervention effectiveness
for a given child. Additionally, retention should be periodically assessed post-
intervention to monitor forgetting.

Supplemental Material: https://doi.org/10.23641/asha.29696552

Learning vocabulary is a pervasive and persistent
challenge for individuals with developmental language dis-
order (DLD; Jackson et al., 2019; Kan & Windsor, 2010).
Despite this challenge, few effective treatments exist, espe-

cially for kindergarten-age children with DLD (Cirrin &
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related to children’s ability to learn to read and to under-
stand what they read (Catts et al., 2002; Kaiser & Roberts,
2011). To support school success for children with DLD, it
is critical that we develop effective vocabulary interventions
for kindergarten-age children when they are building essen-
tial academic skills (e.g., reading) and foundational aca-
demic knowledge (e.g., science, mathematics).

The long-term goal of the current project is to
develop an effective interactive book reading intervention
for kindergarten-age children with DLD. Interactive book
reading is effective for children with typical development
(TD; Marulis & Neuman, 2010; Mol et al., 2008, 2009).
The specific components of interactive book reading to
teach unfamiliar words vary (see Towson et al., 2021, for
a review). However, the core components include an adult
reading a storybook with a child and, at times, deviating from
the text to provide explicit instruction or to engage the child in
a dialogue to support the learning goals. Interactive book
reading can be advantageous to teach vocabulary because
words, and their meanings, are not taught in isolation. Instead,
words are presented within a meaningful context, a key princi-
ple of rich vocabulary instruction (Beck et al., 2013).

As a first step to developing an effective interactive
book reading intervention for children with DLD, Storkel
and colleagues identified a version of the intervention that
demonstrated high rigor and effectiveness. They identified
Justice et al.’s (2005) clinical trial for kindergarten chil-
dren from low-income households as a good candidate for
adaptation for children with DLD. This version includes
elaboration, in which a definition and a supportive context
sentence are provided for each target word. Storkel
included these elements and also included a synonym for
each target word to increase elaboration. Notably, com-
pared to children with TD, children with DLD require
two to three times the number of exposures to learn words
(Gray, 2003; Riches et al., 2005). Thus, Storkel and col-
leagues systematically varied the dosage across children
with DLD to identify an adequate intensity to support
word learning (Storkel et al., 2017). They determined that
36 exposures was the adequate intensity for the interven-
tion to be effective. In a subsequent study, Storkel et al.
(2019) determined that children’s learning did not vary
based on dose per session or dose frequency when they
received a total dosage of 36 exposures per word. Given
these findings, in the current study, all children were pro-
vided with 36 exposures to all target words.

Intervention Effectiveness:
Posttraining Retention

Despite favorable learning during the interactive
book reading intervention, children with DLD demon-
strated difficulties with posttraining retention (Storkel

et al., 2019). Developing a long-term memory of a
word includes several stages (Davis & Gaskell, 2009).
Word learning involves learning the word form (i.e.,
the phonemes of the word and their order), the word
meaning, and the link between the two. During the
first session with an unfamiliar word, the learner can
encode initial representations of the word’s form,
meaning, and link via fast mapping (Gupta & Tisdale,
2009). Multiple training sessions are important to
develop a phonologically precise representation of the
word’s form and a rich understanding of the word’s
meaning that can be retained long term (Beck et al.,
2013; Gordon, Storkel, et al., 2021; McGregor et al.,
2007; Munro et al., 2012). This process is known as
slow mapping.

Our current theories of word learning are incomplete
because we lack an understanding of how words are
learned and retained over long timescales. Intervention
effectiveness is most often determined by assessing knowl-
edge immediately after the training is concluded (Marulis
& Neuman, 2010). When retention of word learning is
assessed, it is typically assessed between 24 hr to a week
after training. However, it is common for learners to for-
get some or all of the trained information across extended
posttraining delays (Cepeda et al., 2008; Ebbinghaus,
1885; Gordon et al., 2016). Current research indicates that
training strategies can differentially affect how much
material is retained long term (Booth, 2009; Vlach &
Sandhofer, 2012). The goal of the current study is to mod-
ify the interactive book reading approach to support post-
training retention of taught words.

Retrieval-Based Practice

Long-standing research indicates that engaging in
retrieval-based practice (i.e., learning through testing) sup-
ports better posttraining retention than more passive train-
ing strategies (see Eisenkraemer et al., 2013; Roediger &
Butler, 2011, for reviews). During both passive instruction
and retrieval-based practice, the learner is initially pre-
sented with the target information. For example, the
learner could be presented with an object and a
laboratory-created word form (e.g., This is a blicket.).
During passive training strategies, the learner is then pre-
sented with the target information across subsequent train-
ing blocks. In contrast, during retrieval-based practice, the
learner is asked to actively retrieve the information during
subsequent training blocks. For example, the learner could
be asked to label a previously presented object (e.g., What
is this one called?). Retrieval-based practice can be effec-
tive even when the learner does not successfully retrieve
the target information (Butterfield & Metcalfe, 2006).
When feedback is given, the learner becomes aware of
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what they do and do not know providing an opportunity
for correction and elaboration of the memory (Lipowski
et al., 2014).

Retrieval-based practice can be particularly effective
when it is paired with spaced practice (see Gordon, 2020,
for a review). Spacing can occur within a session as the
learner cycles through target items, or across sessions, as
there are gaps in time between sessions. Spaced practice
introduces a desirable difficulty in that the learner must
attempt to retrieve an item that is not readily accessible in
working memory. Overall, as the learner attempts to
retrieve target items across spaced training blocks within a
session and/or across sessions, they slowly build the
retrieval route, which supports successful retrieval after a
posttraining delay (Karpicke et al., 2014).

Most retrieval-based practice research has been con-
ducted with college-age adults with TD. However,
retrieval-based practice is effective for children with TD
(Fazio & Marsh, 2019), adults with DLD (Gordon,
McGregor, & Arbisi-Kelm, 2021; McGregor et al., 2020),
and children with DLD (see Gordon, 2020). Most relevant
to the current study, Leonard and colleagues demon-
strated that retrieval-based practice supports word learn-
ing and posttraining retention for 4- to 6-year-old children
with DLD across a series of studies (see Leonard &
Deevy, 2020, for a review). In these studies, unfamiliar
objects were verbally labeled with laboratory-created
forms. During retrieval-based practice, they asked children
to name objects. Of note, most research with retrieval-
based practice, including work by Leonard, includes one
or two training sessions and one session to assess post-
training retention.

To effectively incorporate retrieval-based practice in
word learning interventions, it is important to conduct
research using real words with meanings that vary in their
level of abstractness. Currently, most studies on word
learning and retrieval-based practice with children include
concrete objects. Notably, concrete meaning information
is primarily learned through sensorimotor experiences, but
abstract meaning information is primarily learned through
verbal input (Muraki et al., 2022). When taught via verbal
input, children must use their current semantic and syntac-
tic knowledge to learn word meanings. Because language
processing and language knowledge are areas of marked
weakness for children with DLD, learning words with
abstract meanings is particularly difficult for them
(McGregor et al., 2012). However, learning words with
abstract meanings is essential to support academic content
learning and to build reading comprehension skills (Beck
et al., 2013; N. Dawson et al., 2021).

There is preliminary evidence that retrieval-based
practice can be effective to teach words with abstract

meanings to children with DLD in an intervention format.
In Gordon et al. (2024), we taught a subset of the words
included in the current study to seven children with DLD
across 15 training sessions. We assessed their retention
after 2- and 8-week posttraining delays. In Gordon et al.
(2024), children were not trained with books. Instead,
words were presented in researcher-created mini stories
with pictures that were several sentences long. Similar to
Storkel et al. (2017, 2019), children were presented with
child-friendly definitions and synonyms to support word
learning. Notably, in Gordon et al. (2024), the majority of
time during each training session was dedicated to
retrieval-based practice in that children were asked to
retrieve forms and meanings with feedback across multiple
training blocks. In contrast, past versions of Storkel’s
interactive book reading intervention included minimal
retrieval opportunities (Storkel et al., 2017, 2019). Chil-
dren’s knowledge of word forms and meanings were
assessed periodically during training, but not during every
session. Overall, Gordon et al. (2024) provides preliminary
evidence that retrieval-based practice can be effective for
children with DLD in that six of the seven children dem-
onstrated a response to the intervention.

The Current Study

Previous versions of the interactive book reading
intervention were effective for children with DLD in that
children demonstrated learning of targeted words (Storkel
et al., 2017, 2019). However, Storkel et al. (2019) noted
significant posttraining forgetting. In previous versions of
Storkel’s intervention, children were read books and pro-
vided with extratextual information about target words.
Specifically, the administrator provided synonyms, defini-
tions, and context sentences for the target words in the
books. This intervention included spaced practice within
sessions in that the instructor cycled through target words
during pre-book reading, book reading, and post-book
reading activities. Additionally, each book was read dur-
ing six sessions, which introduced across-session spacing.
However, the intervention was largely passive in that the
child’s primary job was to listen. The goal of the current
study is to assess the effectiveness of incorporating
retrieval-based practice into the intervention to support
both learning and retention.

When designing a retrieval-based training approach,
a critical design element is how many times a learner
should be asked to retrieve target information. Current evi-
dence with adult learners indicates that as the number of
retrieval opportunities increases, the probability of posttrain-
ing retention also increases (Karpicke & Roediger, 2008;
Lipowski et al., 2014; Roediger & Karpicke, 2006). As previ-
ously noted, each retrieval attempt is a learning opportunity.
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The primary goal of the current study was to deter-
mine the within-session proportion of retrieval opportuni-
ties to optimally support learning and posttraining reten-
tion of words. Thus, we varied the proportion of retrieval
opportunities relative to passive exposures across three
between-participant conditions (high, mid, and low). Of
note, children were given feedback to all retrieval
prompts, whether they provided a correct or incorrect
response. Thus, in all conditions, children received 36
exposures to each word form. They also received an equal
number of exposures to synonyms, definitions, and con-
text sentences across conditions. Because we were inter-
ested in both learning and retention rates, we increased
the probes of learning during training and posttraining
retention relative to past iterations of the intervention.
Children’s knowledge of words was probed during every
reading of every book during treatment. Additionally, we
included assessments immediately after training as well as
4, 8, and 12 weeks posttreatment. Overall, the current
study provides a more thorough assessment of both word
learning rates and retention rates by children with DLD
than past studies.

There were several possible outcomes to varying the
proportion of within-session retrieval opportunities for
kindergarten-age children with DLD. Given the past
research with adult learners, more retrieval opportunities
might be optimal. However, word learning is difficult for
children with DLD. Thus, repeated probing on words
may be overly discouraging, and a mid or low proportion
of testing may be optimal. Another possibility is that chil-
dren will not demonstrate differences in learning and
retention based on the proportion of within-session test-
ing. Specifically, probing children’s knowledge of words
during every training session (whether it is high, mid, or
low) may similarly support learning and retention.
Regardless of the outcome, the current methodology
should provide useful information for clinicians when
incorporating retrieval-based practice into interactive book
reading interventions.

In past versions of the intervention, Storkel et al.
(2017, 2019) demonstrated variability across children with
DLD in the number of words learned. Thus, it is impor-
tant to determine which child-level factors are related to
learning and retention in the current intervention. Stan-
dardized language assessments are often included in word
learning intervention studies to determine how prior lan-
guage knowledge affects children’s response to the inter-
vention (Loftus et al., 2010; Nash & Snowling, 2006;
Zipoli et al., 2011). The current study is unique in that, in
addition to language assessments, we administered a bat-
tery of standardized tests to assess children’s memory
skills including working memory, episodic learning (i.e.,
how children build representations across presentations),

and decay (i.e., retention). This study is also unique
because we assessed how individual factors differentially
relate to learning during training and retention posttrain-
ing as these are different processes.

In summary, in the current study, we implemented a
modified version of the interactive book reading interven-
tion that incorporated retrieval-based practice during
treatment. Our primary questions were as follows:

1. How does the proportion of within-session testing
during treatment (low, mid, high) affect the number
of word forms and meanings learned during the
intervention and retained post-intervention?

2. Which pretreatment characteristics of children with
DLD are associated with learning during the inter-
vention and retention post-intervention?

Method'
Participants

Thirty-seven kindergarten children with DLD (M4 =
5:9 [years;months], SD = 4.46 months, range: 5;0-6;6) com-
pleted the intervention. Eight additional children were
excluded because their treatment schedule was disrupted
during the 2020 pandemic, and three additional children
were excluded due to scheduling issues. All protocols were
approved by the institutional review board at The Univer-
sity of Kansas. Parents and/or guardians provided written
informed consent for their child to participate. Participants
were recruited through language screenings (86.49%), the
project study’s website (8.11%), and referrals from speech-
language pathologists (5.40%). Characteristics of our sam-
ple can be found in Table 1 and Supplemental Material S1.
All included children were at least 5 years old and eligible
for kindergarten. All children demonstrated normal hearing
in that they passed a pure-tone audiometric screening if
they completed the sessions in person (n = 34) or parents
reported typical hearing for children who completed ses-
sions virtually (n = 3). All children demonstrated average
nonverbal reasoning in that they achieved a standard score
at or above 78 on the Primary Test of Nonverbal Intelli-
gence (Ehrler & McGhee, 2008).

All children demonstrated a language deficit in that
they achieved a standard score at or below 94 on the
Structured Photographic Expressive Language Test-Third
Edition (J. A. Dawson et al., 2003) or a narrative index of
91 or lower on the Test of Narrative Language—Second
Edition (TNL-2; Gillam & Pearson, 2017). All children

IPreregistration information can be found at https://doi.org/10.17605/
OSF.IO/RHO9PS.
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Table 1. Demographic characteristics of participants

Characteristic M (SD)
Age (years;months) M = 5;9 (SD = 4.46), range: 5;0-6;6
Sex assigned at birth Males, n = 15

Females, n = 22
SPELT-3 M =18 (SD = 17), range = 1-84
TNL-2 M = 24 (SD = 22), range = 1-84

Note. SPELT-3 = Structured Photographic Expressive Language
Test-Third Edition; TNL-2 = Test of Narrative Language-Second
Edition.

demonstrated a word learning/vocabulary deficit in that
they achieved a standard score of 6 or lower on one of the
following subtests: the Semantic subtest of the Children’s
Communication Checklist-Second Edition (Bishop, 2006),
which emphasizes real-world communication in context;
the Semantic subtest of the Diagnostic Evaluation of Lan-
guage Variation (DELV; Seymour et al., 2005), which
emphasizes quick word learning; or the Word Classes subtest
of the Clinical Evaluation of Language Fundamentals-Fifth
Edition (CELF-5; Wiig et al., 2013), which emphasizes
semantic richness of known words. Note that all children
completed all of these measures. Children were excluded if
they spoke more than one language per parental report and/
or the parent reported a diagnosis that would exclude a
diagnosis of DLD (e.g., autism spectrum disorder).

Each child completed a battery of standardized
assessments that were not used for inclusion/exclusion cri-
teria. The goal of including this battery was to identify the
measures that were most related to children’s intervention
outcomes including learning and posttraining retention.
This battery included: the Arizona Articulation and Pho-
nology Scale-Fourth Edition (Fudala & Stegall, 2017), the
Phonological Awareness Composite and Nonword Repeti-
tion subtest from the Comprehensive Test of Phonological
Processing-Second Edition (CTOPP-2; Wagner et al.,
2013), and the California Verbal Learning Test—Children’s
Version (CVLT-C; Delis et al., 1994). Supplemental Mate-
rial S1 contains a summary of participants’ percentile
scores on test measures. Demographic factors were
assessed via parental report including sex, race, ethnicity,
parent history of language disorder, and environmental
variables, which included parent marital status, education,
and income.

Testing Conditions

Participants were randomized to one of three testing
conditions (i.e., low, mid, high). Eleven participants were
in the low testing condition, 12 were on the mid testing
condition, and 14 were in the high testing condition. In
the original design, to balance narrative abilities across
treatment conditions, we used stratified randomization

based on the narrative index score achieved on the TNL-2.
The stratified TNL groups were defined as follows: (a) low,
standard score of 50-81; (b) mid, standard score of 82-91;
and (c) high, standard score of 92 and higher. Due to the
disruption of the pandemic in some children’s treatment
schedules, some children’s data from each stratum were
excluded from the final sample. Thus, we were unable to
maintain the stratified randomization of TNL scores as
originally planned. Supplemental Material S1 indicates how
many children from each stratum remained in each treat-
ment group. We compared TNL scores across treatment
groups of the final sample, which did not reveal a signifi-
cant difference across groups (chi-square = 1.187, df = 4,
p = .880). However, to account for a potential influence of
TNL scores on treatment outcomes, we included TNL
score in the statistical models.

Treatment
Treatment Materials

As in previous studies (Storkel et al., 2017, 2019),
treatment materials consisted of 10 commercially available
books. Within each book, six words were selected as tar-
get words (see Supplemental Material S2). Each partici-
pant was assigned one set of five books as their treated
books and the other set of five books as their untreated
books, yielding a total of 30 treated and 30 untreated
words. The 60 words included 25 verbs, 19 adjectives, and
16 nouns. Each word was paired with a definition and a
synonym. The definitions were constructed by consulting
multiple dictionaries and selecting high-frequency words
children were likely to know. For example, the definition
for horrified was “a feeling of being scared.” A context
sentence was created for each word that included informa-
tion to support the inference of word meaning. The sen-
tence for horrified was, “After going through the haunted
house, he was horrified of ghosts.” We selected two color
pictures for each word, one that illustrated the definition
and one that illustrated the context sentence.

Outcome Measures

We used a definition task to assess knowledge of
word meanings and a naming task to assess knowledge of
word forms. For the definition task, the research assistant
provided an open-ended prompt (e.g., “Tell me what [tar-
get word] means”). Research assistants blinded to partici-
pant’s testing condition scored the definition responses
between 0 and 3 based on a standard rubric adapted from
McGregor et al. (2013). The rubric was created by identi-
fying the key elements of each definition and listing exam-
ples. Definitions were given a score of 3 points if they
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included all key elements, 2 points if they included one
key element but lacked others, 1 point for a vague defini-
tion or an appropriate use of the word in a sentence, and
0 points for an incorrect or absent definition. Responses
that received 0 or 1 were classified as incorrect, and
responses that received 2 or 3 were classified as correct.
Two research assistants scored each definition indepen-
dently and compared scores. Discrepancies were addressed
via discussion. If a score could not be agreed upon, then a
third scorer resolved the discrepancy.

For the naming tasks, participants were shown a
picture specific to the target word and given a prompt.
For example, for the target word marsh, children were
shown a picture of a marsh and asked, “Where do ducks
and beavers live?” Research assistants blinded to partici-
pant’s testing condition scored the naming responses.
Responses were scored as correct if the response matched
the target word. Misarticulations consistent with the
child’s Goldman-Fristoe Test of Articulation—Third Edi-
tion (Goldman & Fristoe, 2015) performance and age-
typical misarticulations were counted as correct. Changes
in verb tense including overregularizations as well as vari-
ations in noun plurality were counted as correct. Naming
scores were verified by a second research assistant, and
discrepancies were resolved through discussion between
the first and second scorers.

Treatment Form and Intensity

During a treatment session, a research assistant read
two books that were assigned as treated books to the
child. The provider cycled through the books across ses-
sions, and after the fifth book was read, they started again
with the first book. Each book reading included a pre—
book reading, a book reading, and a post-book reading
activity (see Supplemental Material S3). Regardless of
testing condition (low, mid, high), when a book was read,
each word was presented across six teaching episodes.
Teaching included using the treated word in a context sen-
tence (two teaching episodes), providing a synonym (two
teaching episodes), and providing a definition (two teach-
ing episodes). Each book was read six times during treat-
ment, totaling 36 teaching episodes for each treated word
(i.e., 6 teaching episodes X 6 readings of each book).

Treatment Delivery

Each child completed two sessions a week for a total
of 15 sessions. Each session lasted between 20 and 30 min.
Treatment was delivered both in person and online. Prior
to the 2020 pandemic, research assistants saw participants
in person and used print books to deliver treatment. For
online sessions, the book pages were scanned and included

in a PowerPoint document and presented as a slideshow via
Zoom. Once research activity resumed after pandemic-
related shutdowns, the PowerPoint slideshow was presented
on tablets to facilitate safety protocols for disinfecting.

Slight adjustments were made for online sessions.
First, a caregiver training session was conducted with
directions for using Zoom and instructions on how to sup-
port their child during the session. A mock treatment ses-
sion using a book and words that were not a part of the
treatment was conducted. At the beginning of each treat-
ment session, caregivers were reminded of their role (e.g.,
to support, not give answers). For in-person sessions prior
to the 2020 pandemic, pre-book reading and post-book
reading activities were presented on the research assistant’s
tablet computer. For online sessions and for in-person ses-
sions, once research activities resumed after pandemic-
related shutdowns, the pre-book reading and post-book
reading activities were included in the same PowerPoint
used to read the books. For the children whose data were
included in the analyses, 32 children completed all sessions
in person, four children completed all sessions via Zoom,
and one child completed some sessions in person and
some sessions via Zoom.

Proportion of Testing During Treatment

As previously stated, during individual sessions, the
child received six exposures to each target word during
each book reading. For all children, the words of the
book read during a given session were tested before the
book was read via the definition test to assess word mean-
ing and after the book was read via the naming test to
assess word form (two testing trials). Feedback was not
given during these beginning and end of book reading
testing trials. Children were assigned to complete either
low, mid, or high testing during the intervention. The low
testing condition was similar to previous iterations of the
intervention. Specifically, children were presented with
word form and meaning information across six teaching
trials for each word during a reading of the book (i.e., six
teaching, two testing). For the mid testing condition, two
of these teaching trials were replaced with testing trials in
which the child was asked to actively retrieve target infor-
mation (i.e., four teaching, four testing). For the high test-
ing condition, four of the teaching trials were replaced
with testing trials (i.e., two teaching, six testing). In cases
when a retrieval prompt was given during a teaching epi-
sode, children were provided with the correct answer as
feedback regardless of whether their response was correct
or incorrect. Thus, all three testing conditions (low, mid,
and high) had the same number of exposures to all target
information. However, in all conditions, children did not
receive feedback to beginning and end of book reading
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tests. For all children in all conditions, the first reading of
each book followed the format of the low testing condi-
tion. This was implemented to provide some initial knowl-
edge of the words before more testing was implemented in
the mid and high conditions.

Pretreatment and Posttreatment Sessions

Pretreatment sessions were administered to each
child prior to beginning treatment during which each child
was asked to name and define all 60 words. The definition
task was administered first, followed by the naming task.
Children completed two pretreatment sessions, scheduled
within the same week, to minimize fatigue. During each
session, the child was asked to name and define 30 words
(15 treated and 15 untreated). Treated and untreated
words were intermixed and tested in a randomized order.
Posttreatment sessions followed a similar format to the
pretreatment sessions, with two sessions scheduled within
the same week. Children were tested across four posttreat-
ment delays: immediate, 4 weeks, 8 weeks, and 12 weeks.

Treatment Providers and Fidelity

A total of 551 treatment sessions were conducted by
a diverse group of paid research assistants, including two
undergraduate communication sciences and disorders stu-
dents (8.2% of sessions), 11 speech-language pathology grad-
uate students (66.6% of sessions), four doctor of philosophy
students (17.8% of sessions), one doctor of speech-language
pathology student (5.8% of sessions), and one postdoctoral
scholar (1.6% of sessions). All post master’s level research
assistants (m = 6) were also American Speech-Language-
Hearing Association—certified speech-language pathologists.
Research assistants were trained using the protocol described
in Storkel et al. (2019).

Treatment fidelity was checked for 20% of sessions.
Research assistants watched videos of sessions and used a
checklist to verify the number of target word exposures,
the number of testing opportunities, and the treatment
form, resulting in three fidelity scores. The exposure fidel-
ity score reflected whether the total target exposures were
given correctly. For example, if a research assistant missed
an exposure or repeated a target word (an extra exposure),
a value of 1 was subtracted from the total number of
exposures score. The exposure fidelity score, calculated by
dividing the total number of exposures scores by the target
number of exposures, was a mean of 98.55% (SD = 0.05,
range: 75%-100%). The testing opportunity score indicates
instances when the provider needed to administer the
prompt and pause to give the child the opportunity to
respond. The testing fidelity score, calculated by dividing
the total number of testing opportunities provided by the

specified number of testing opportunities required based
on condition (i.e., low, mid, high), was a mean of 99.27%
(SD = 0.19, range: 91%-100%). The treatment form score
reflected that the provider stated the definitions and expla-
nations correctly. The treatment form fidelity score, calcu-
lated by dividing the treatment form scores by the target
number of treatment forms, was a mean of 99.32% (SD =
0.01, range: 95%-100%).

Analyses and Results
Treatment Effectiveness

Before addressing the primary questions, we first
assessed treatment effectiveness through linear mixed-
effects models in SAS Proc Mixed. We compared perfor-
mance on treated and untreated words with data from the
three testing groups (low, mid, and high) combined. The
outcome variables at each timepoint during treatment and
posttreatment assessments included the number of defini-
tions and forms produced correctly out of the 30 treated
and 30 untreated words. We conducted two models, one
for definitions and one for naming of forms, with fixed
effects for the within-participant effects of word category
(treated, untreated), timepoint (pretest, Book Reading 1-
6), and a Word Category x Timepoint interaction. We
also included the between-participant fixed effect of TNL
standard score, centered around the mean, to provide a
control for language skills across participants. The models
included random effects of intercept for participant, and
participant by timepoint slope, thus allowing them to vary
across participants.

The model for definitions revealed a significant
interaction between word category and timepoint (¢ =
—4.14, p < .0001) in that treated words demonstrated a
steeper slope during treatment than untreated words (see
Supplemental Material S4, Table 1, and Supplemental
Material S5, Figure 1). There was also a significant posi-
tive effect for TNL (¢ = 2.26, p = .03). There was not a
significant main effect for treated words compared to
untreated words (¢ = —1.39, p = .17), indicating that there
was not a significant difference between treated and
untreated words at the intercept. For naming, there was a
significant main effect for word category in that children
produced more forms for treated as opposed to untreated
words (¢t = =3.70, p = .0002; see Supplemental Material
S4, Table 2, and Supplemental Material S5, Figure 1).
There was a significant Word Category x Timepoint inter-
action (¢t = =7.54, p < .0001) in that treated words demon-
strated a steeper slope than untreated words. There was
also a significant positive effect for TNL (z = 4.10, p =
.0002).
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Learning During Treatment and
Retention Posttreatment

We conducted linear mixed-effects models in SAS
Proc Mixed to address the first question: How does the
proportion of testing during treatment (low, mid, high)
affect the number of word forms and meanings learned
during the intervention and retained post-intervention?
The testing conditions (low, mid, high) were randomly
assigned group numbers such that the authors who ana-
lyzed the data (K.K.F., R.E.S.R.) were blind to testing
condition when conducting analyses. We considered defi-
nition and naming data separately and learning and reten-
tion separately. Thus, we conducted four mixed-effects
models.

Models to assess learning included seven timepoints,
pretreatment and each reading of each book (1-6). Models
to assess forgetting included five timepoints, the last book
reading for each treated word, and posttests administered
immediately and 4, 8, and 12 weeks after the last treat-
ment session. Some participants did not complete all the
assessment timepoints (see Supplemental Material S6).
Their data were still included as the model allows partici-
pants with any data to be included in the model estima-
tion. Some participants only had partial data from some
assessment points (see Supplemental Material S6). As the

outcome variable was total number of words correct at
each assessment point, we elected to exclude all data from
assessment points with partial data.

Fixed effects in all four models included testing con-
dition (low, mid, high), timepoint, TNL standard score,
and a Testing Condition X Timepoint interaction. For the
learning models, pretest was set as the intercept. For for-
getting models, Book Reading 6 was set as the intercept.
TNL standard score was included to provide a control for
language abilities across participants and was centered
around the mean. Random effects included intercept for
participant and participant by timepoint slope, allowing
each individual to vary from the group mean. To assess
the effect of testing condition (low, mid, high), all pairwise
comparisons between testing conditions were assessed.

Learning During Treatment

For the models for definitions and naming during
treatment, there were significant effects of timepoint and
TNL, but not for testing condition (see Figure 1 and Sup-
plemental Material S4, Tables 3 and 4). The number of
definitions (z = 8.45, p < .0001) and forms (z = 13.36, p <
.0001) children produced increased across timepoints.
Additionally, TNL standardized score was positively
related to performance for definitions (z = 3.34, p = .002)

Figure 1. Average number of word definitions and forms produced correctly at each timepoint during training based on testing condition

(high, mid, low).
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and forms (z = 3.80, p = .0006). There was not a signifi-
cant Timepoint X Testing Condition interaction in either
model. Group means of definitions and forms correct for
each condition at each timepoint are included in Supple-
mental Material S4, Tables 7 and 8.

Retention Posttreatment

For the models for definitions and forms posttreat-
ment, there were significant effects of timepoint and TNL,
but not for testing condition (see Figure 2 and Supplemen-
tal Material S4, Tables 5 and 6). The number of defini-
tions (t = —=5.64, p < .0001) and forms (z = -3.55, p <
.001) children produced decreased across posttest time-
points. However, there was not a significant Timepoint X
Testing Condition interaction in either model. TNL stan-
dardized score was positively related to performance for
both definitions (¢ = 3.50, p = .002) and forms (¢ = 3.69, p
< .001).

Demographic Factors Related to Learning
and Retention

To determine how pretreatment factors related to
learning during treatment and forgetting posttreatment,
we first investigated the effects of participant demograph-
ics. We reran the learning and retention models with

definitions and forms as the dependent variables with the
following demographic factors: sex assigned at birth
(female, male), parent history of language disorder (yes,
no), parent marital status (married, all other categories),
maternal education (not a high school graduate, high
school graduate, some college/college graduate). For each
factor, we ran a separate model. Results from demographic
factors are summarized in Supplemental Material S7.

For definitions during treatment, there was not a
significant effect of sex or parent history of language dis-
order. There was a significant effect of marital status (# =
2.21, p = .03) in that children whose parents were married
produced more definitions correctly than all other catego-
ries. However, there was not a significant Timepoint X
Marital Status interaction (r = —1.59, p = .11), indicating
that there was not a difference in learning slope based on
parental marital status. For maternal education, children
whose mother was a high school graduate (¢ = 3.31, p =
.001) or who had completed some college/college graduate
(t = 3.44, p < .001) produced more definitions correctly
than children whose mother had not completed high
school. However, there was not a difference in learning
slopes based on maternal education.

For forms during treatment, there was not a signifi-
cant effect of sex, parent history of language disorder, or
marital status. For maternal education, children whose

Figure 2. Average number of word definitions and forms produced correctly at the last book reading and each posttraining test point based

on testing condition (high, mid, low).
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mother was a high school graduate (r = 2.82, p < .01) or
who had completed some college/college graduate (z =
3.54, p < .001) produced more forms correctly than chil-
dren whose mothers had not completed high school. Addi-
tionally, children whose mother was a high school gradu-
ate (r = —2.83, p = .005) or who had completed some
college/college graduate (¢ = —-2.55, p = .011) demon-
strated a steeper slope during treatment than children
whose mother had not completed high school.

For definitions posttreatment, there was not a signif-
icant main effect of sex, parent history of language disor-
der, marital status, or maternal education. However, there
was a significant Timepoint X Sex interaction in that
males forgot more definitions than females (¢ = 4.19, p <
.0001; see Supplemental Material S5, Figure 2).

For forms posttreatment, there was not a significant
main effect of sex, parent history of language disorder, or
marital status. There was a significant main effect of
maternal education (z = 3.75, p = .03). Children whose
mothers had completed some college/college graduate per-
formed better than children whose mother had not com-
pleted high school (# = 2.22, p = .03). There was no differ-
ence between the categories of not a high school graduate
and a high school graduate (¢ = .64, p = .52). There was
not a significant Maternal Education x Timepoint interac-
tion (¢ = 0.92, p = .50) indicating that maternal education
was not related to forgetting rate.

Standardized Test Scores Related to
Learning and Retention

In addition to demographic factors, we investigated
how standardized test scores were related to learning and
retention. For the learning models, test scores included
three main categories: language (CELF, DELYV), working
memory (CTOPP, CVLT list free recall trial 1), and epi-
sodic learning (CVLT list free recall trial 5, CVLT slope
of list free recall). For forgetting models, test scores
included two main categories, learning during treatment
(mean words correct across all book reading sessions dur-
ing treatment, and words correct at last treatment session)
and decay (CVLT short-delay free recall, CVLT long-
delay free recall). Results from standardized test scores are
summarized in Supplemental Material S7.

For definitions and forms during treatment, there was
not a significant effect of CELF, CTOPP, or any of the
CVLT scores. There was a significant main effect of DELV
in that children with a higher DELV score produced more
definitions correctly (F = 6.97, p = .01) and more forms cor-
rectly (F = 7.08, p = .01). However, there was not a signifi-
cant DELV by timepoint slope during treatment for defini-
tions (F = 0.51, p = .48) or for forms (F = 2.46, p = .12).

For retention posttreatment of definitions, there was
not a significant effect of CVLT short-delay free recall.
Children with a higher mean number of definitions correct
during treatment demonstrated higher performance post-
treatment (¢ = 4.25, p = .0001) and demonstrated better
retention posttreatment via a shallower slope (¢ = 3.03,
p = .003). There was a significant main effect of number
of definitions at the last treatment (Book 6) and retention
(F = 33.53, p < .0001), but there was not a significant
timepoint by last treatment slope (F = 1.22, p = .27).
There was a significant main effect of CVLT long-delay
free recall score in that children with a higher score dem-
onstrated a higher posttreatment score (F = 6.01, p = .02).
There was not a significant Timepoint X CVLT long-
delay interaction (F = 3.28, p = .07).

For naming retention posttreatment, children with a
higher mean number of words correct during treatment
demonstrated higher performance posttreatment (¢ = 9.91,
p < .0001). However, there was not a significant Time-
point X Mean Number of Words During Treatment inter-
action (¢ = 0.15, p = .88), indicating that the mean num-
ber of words was not related to forgetting rate. There was
a significant main effect of CVLT short-delay free recall
score. Children with a higher score demonstrated a higher
posttreatment score (F = 7.00, p = .01). However, there
was not a significant Timepoint X CVLT short-delay
interaction (F = 0.28, p = .60). Similarly, there was a main
effect of CVLT long-delay free recall and posttraining per-
formance. Children with a higher score produced more
forms correctly posttraining (F = 4.59, p = .03). However,
there was not a significant Timepoint X CVLT long-delay
interaction (F = 0.54, p = .46). There was a Timepoint X
Last Treatment interaction (i.e., slope) that approached
but did not achieve significance (F = 3.56, p = .06) in that
children with a higher number of words at the last treat-
ment session demonstrated less posttraining forgetting.

Discussion

In the current study, we modified Storkel’s interac-
tive book reading intervention to include retrieval-based
practice opportunities throughout training. All children
received 36 exposures to the target words. However, the
proportion of retrieval opportunities varied across three
conditions: low, mid, and high testing. Of note, the low
testing condition was similar to past iterations of the inter-
vention. For the current study, we asked the following key
questions:

1.  How does the proportion of within-session testing
during treatment (low, mid, high) affect the number
of word forms and meanings learned during the
intervention and retained post-intervention?

Gordon et al.: Vocabulary Intervention: Retrieval-Based Practice 1119



2. Which pretreatment characteristics of children with
DLD are associated with learning during the inter-
vention and retention post-intervention?

With regard to the first question, we found that the
proportion of testing during treatment did not signifi-
cantly relate to the number of word meanings and forms
learned during the intervention. The descriptive results
trended in the expected direction. Based on group means,
children learned the most meanings and forms in the high,
then mid, then low conditions. A lack of statistical signifi-
cance across conditions may be related to high heteroge-
neity across children with DLD and a smaller final sample
size than planned due to the disruption of the 2020 pan-
demic. However, note that if we had observed statistically
significant differences with a larger sample size, these dif-
ferences may not be clinically meaningful. For definitions
and forms, the means of the testing conditions (high, mid,
low) varied in one to three words (see Supplemental Mate-
rial S4) out of the 30 possible words to learn in the set.
Overall, we cannot conclude that more retrieval-based
learning opportunities (mid, high) contributed to better
learning than the more passive version of the intervention
(low). However, children demonstrated intervention effec-
tiveness in that they learned more treated than untreated
words. Thus, based on the current results, retrieval oppor-
tunities neither helped nor hurt learning during treatment.

With regard to posttraining retention, we found that
the proportion of retrieval opportunities during treatment
did not significantly relate to the number of word mean-
ings and forms retained post-intervention. The descriptive
results trended in the expected direction in some cases, but
not all. For example, if we subtract the mean number of
words produced correctly at the last book reading from
the mean number of words produced correctly at the final
posttest assessment point, children forget, on average,
6.47, 6.79, and 7.40 definitions for the high, mid, and low
testing conditions, respectively. For forms, children forget,
on average, 1.35, 3.67, and 2.00 words for the high, mid,
and low testing conditions, respectively. This follows the
expected directions of results, in that high testing led to
more retention but does not follow the expected direction
when comparing mid to low. Given the current data, we can-
not conclude that more retrieval-based learning opportuni-
ties contributed to better posttraining retention. However,
once again, incorporating retrieval-based practice appears to
have neither helped nor hurt posttraining retention.

Although the low testing condition was similar to
past iterations of the intervention, there is a critical differ-
ence. Specifically, in the current version of the interven-
tion, all children (in low, mid, and high testing conditions)
were tested at least once on word meanings and forms
during each reading of each target book to have a more

precise understanding of learning trajectories. This differed
from past versions of the intervention in which children
were taught primarily through passive exposure, but chil-
dren’s knowledge of meanings and forms were tested peri-
odically during training.

Given that all children were tested during every
training session in the current version, this may have
obscured differences across testing groups. In fact, in
research with adults with TD, Rawson and Dunlosky
(2012) found that when training occurs during a single ses-
sion, multiple successful retrievals during that session
relate to better posttraining retention than a single suc-
cessful retrieval. However, when learning extends across
many sessions, the number of sessions with successful
retrievals is a better predictor of posttraining retention
than retrieving target items multiple times during a ses-
sion. The current results converge with findings from
Rawson and Dunlosky in that the proportion of opportu-
nities to retrieve words during sessions did not relate to
differences in learning and posttraining retention. Instead,
the opportunity to retrieve words during all training ses-
sions may have similarly supported children across the
three testing conditions. Past research with adults and
children with TD has investigated how many sessions
learners should successfully retrieve each target item dur-
ing training to support retention (Gordon & Lowry, 2024;
Rawson & Dunlosky, 2012). A natural extension of this
work is to investigate how the number of sessions with
successful retrievals during an intervention supports reten-
tion by children with DLD.

Individual Factors

To address our second question, we assessed how
children’s demographic characteristics and standardized
test scores related to learning and retention. Similar to
past research on word learning in children with DLD
(e.g., Gordon, Storkel, et al., 2021; Jackson et al., 2016),
we included standardized assessments of language knowl-
edge and abilities and working memory. However, this
study was unique in that we included a larger battery of
memory assessments than are typically included. We first
discuss how demographic factors related to learning and
retention, followed by language standardized test scores,
and then memory standardized test scores.

Regarding the relationship between demographic
factors and learning, parental marital status and maternal
education were related to performance during treatment.
The specific findings varied somewhat across definitions
and forms. Children whose parents were married produced
more definitions correctly than all other marital status cat-
egories. Additionally, maternal education was positively
related to the number of definitions produced. However,
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neither factor was related to learning rate for definitions.
For naming, marital status was not a significant predictor,
but maternal education was positively related to number
of forms produced correctly and to learning rate. These
findings provide some information to speech-language
pathologists about how children are likely to respond to
the intervention. However, it is difficult to identify the
specific mechanisms that led to better performance.
Maternal education and marital status are typically used
as proxy measures for the language input and economic
resources (e.g., number of books) that children receive in
the home (Vernon-Feagans et al., 2020). However, to
understand the specific mechanisms that drive the current
findings, research in which we more directly measure these
factors instead of using proxy measures is important.

Regarding the relationship between demographic
factors and posttraining retention. For naming, maternal
education was positively related to the number of forms
produced. However, maternal education was not related
to forgetting rate. For definitions, there was not a main
effect of sex. However, boys forgot more definitions than
girls. As long-term retention is rarely assessed in vocabu-
lary research, there is sparse evidence of whether sex dif-
ferentially affects retention. However, the current findings
coincide with McGregor et al. (2020) in that they found
better overall performance by adult females than males
when word learning retention was measured 1 day, 1 week,
and 1 month after training. Of note, in McGregor et al.
(2020), each learner continued the training via retrieval-
based practice until they achieved mastery of the word set.
Thus, it was not the case that learners who learned more
words retained more words. Instead, the finding that
women performed better than men captures differences in
retention when all learners were trained to a similar level.
Girls with DLD do exhibit more breadth and depth of
vocabulary knowledge than boys with DLD (McGregor
et al., 2013). Thus, our current findings may be explained
by richer semantic and phonological networks of the girls.
If they can link new learning to these richer networks in
long-term memory, this may lessen posttraining forgetting.

For the relationship between the language standard-
ized test scores and learning during treatment, the DELV
score was positively related to the overall number of defi-
nitions and forms produced correctly but was not signifi-
cantly related to learning rate. Additionally, the TNL
score was positively related to the number of definitions
and forms produced correctly during treatment and post-
treatment. Overall, these results are not surprising. Chil-
dren with richer language knowledge and abilities tend to
learn more words during vocabulary interventions than
children with less rich language knowledge (Coyne et al.,
2019). However, the fact that language knowledge was
not significantly related to learning rate is promising.

Specifically, the current findings indicate that children
who start the intervention with more language knowledge
and abilities are likely to encode more of the words
taught, but children who vary in language knowledge and
abilities will not differ in learning rate during the support-
ive intervention. We observed a similar finding in Gordon,
Storkel, et al. (2021) when we taught laboratory-created
form-object pairs to children with DLD and TD across
six training days. Children with less language knowledge,
in this case the DLD group, demonstrated less encoding
during the initial session. However, the groups did not dif-
fer in their learning rates across training days.

Regarding posttraining retention, children who pro-
duced a higher mean number of definitions correctly dur-
ing treatment demonstrated better overall posttraining per-
formance and a shallower forgetting slope for definitions.
For forms, children who produced a higher mean number
of forms correctly during treatment performed better over-
all posttreatment but did not demonstrate a difference in
forgetting slope. This finding for forms is similar to find-
ings from Gordon, Storkel, et al. (2021). Specifically,
across a l-month delay, children with DLD and TD
tended to retain what they had learned during treatment.
Notably, different factors appear to be related to post-
training retention of meanings and forms. We discuss this
in more detail in the form and meaning section below.

The standardized tests assessing working and epi-
sodic memory were not related to learning forms or defini-
tions during treatment. With regard to posttraining reten-
tion, for definitions, children with a higher CVLT long-
delay free recall score demonstrated a higher posttreat-
ment score. For forms, CVLT short-delay free recall score
and CVLT long-delay free recall score were related to a
higher posttreatment score. None of the memory scores
related significantly to forgetting rate. The finding that
these tasks are not related to the learning or forgetting
rate is not particularly surprising as standardized tests
assessing encoding and retention of information are
administered in a single session. In the current study,
learning is assessed over a prolonged slow-mapping pro-
cess, which includes encoding during sessions, consolida-
tion between sessions, and re-encoding during subsequent
sessions. Additionally, retention is assessed in standardized
tests after a very short delay, such as 10 min in the CVLT.
In contrast, in the current study. retention is assessed over
weeks and months.

Overall, our findings suggest that clinicians should
not rely on pretreatment standardized test scores or demo-
graphic factors to predict learning rates by individual chil-
dren engaged in an interactive book reading intervention.
Instead, the child’s own progress in the intervention dur-
ing training should be used to determine whether the
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intervention is effective for them. In a subsequent publica-
tion, we will determine the earliest timepoint during train-
ing that children can reliably be identified as responders
or nonresponders to inform clinical decision making.
Additionally, standardized test scores and demographic
factors provide little information about children’s ability
to retain taught information post-intervention. Instead,
retention of taught words should be periodically assessed
during posttraining retention intervals to determine how
much information children forgot. Research with adults
suggests that periodic posttreatment assessments and
retraining can boost long-term retention of taught infor-
mation (Cepeda et al., 2009). Through future research, we
can determine how often learning should be probed and
retrained post-intervention to support optimal long-term
retention by children with DLD.

Learning and Retaining Forms and Meanings

During the current study, children demonstrated simi-
lar learning rates of forms and meanings during training.
This finding stands in contrast to past literature in that chil-
dren with DLD tend to demonstrate more difficulty learn-
ing forms than meanings (Gray, 2004; McGregor et al.,
2017). Notably, in most past word learning studies, children
with DLD are trained on forms linked to concrete objects.
For example, in a review of word learning abilities by indi-
viduals with DLD (Jackson et al., 2019), 50 out of the 70
studies included nouns linked to concrete objects, and 14
included highly picturable verbs. Additionally, most word
learning studies include only one or a small number of
training sessions. In contrast, in the current study, learning
occurred across many sessions. Overall, the current study
suggests that children with DLD may have just as much
difficulty learning meanings as well as forms when word
meanings are more abstract.

Of note, children in the current study appear to
demonstrate differential retention of forms and meanings
during the extended posttraining delay period. Most indi-
vidual factors were related to overall performance during
posttraining, not to forgetting rate. However, children who
produced a higher mean number of definitions correctly
during treatment demonstrated a shallower forgetting rate
of definitions. Additionally, girls demonstrated a shallower
forgetting rate of definitions than boys. Research investigat-
ing the relationship between children’s ability to encode
novel words and individual factors, such as verbal working
memory skills, abound (Adlof & Patten, 2017; Jackson
et al., 2016). However, posttraining retention is rarely
assessed, and when it is assessed, it is typically measured
over relatively short timeframes. There is sparse, but nota-
ble, research assessing the relationship between vocabulary
knowledge on children’s consolidation of newly learned

words. Across a series of studies, Henderson, James, and
colleagues found that vocabulary knowledge is positively
related to better consolidation of new word learning
(Henderson & James, 2018; Henderson et al., 2021;
James et al., 2020). Note that these studies typically
include one training session and assessments of retention
up to a week posttraining. Also, note that their findings
are variable in which aspect of word learning is affected
by prior vocabulary knowledge, forms or meanings, and
in some cases no effect of prior vocabulary knowledge
was observed.

There are two likely explanations for why we
observed individual factors related to the forgetting of def-
initions, but not forms, across the posttraining delay. As
previously noted, children with richer semantic networks
may be able to retain word meanings better than children
with less rich semantic networks. During the consolidation
process, which often occurs during overnight sleep, new
learning is linked to knowledge stored in the child’s long-
term memory (Davis & Gaskell, 2009). Given that mean-
ing information was more complex in the current study
(i.e., abstract definitions) than in past studies (i.e., con-
crete objects), these semantic networks may have been
particularly important to support both learning and post-
training retention of word meanings.

A second explanation for why we observed individ-
ual factors related to meanings and not forms is that our
assessment of meaning was quite challenging. Children
were asked to produce multiple key features of the defini-
tion and were not given a visual cue (i.e., a picture) to
support retrieval of word meaning. In contrast, children
were shown a picture and given a sentence prompt when
asked to retrieve forms. Producing correct definitions for
words with abstract meanings is a challenging task for
children and adults (Dourou et al., 2020). Thus, children
who were no longer able to produce a correct definition
across long-term delays may have, nevertheless, retained
an understanding of the word meaning. In future research,
it is important to incorporate assessments after long-term
delays that vary in their level of cuing. In this way, we
can determine what children retain long term and how
much support they need to retrieve that information. This
will also inform how much retraining they need at these
posttraining assessment points to support the continued
retention of word meanings.

Conclusions

The current study and past studies in this line of
research demonstrate that interactive book reading is effec-
tive to support word learning in children with DLD. How-
ever, we observed that retrieval-based practice opportunities
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neither helped nor hurt learning and posttraining retention.
Additionally, few demographic factors or standardized test
scores were related to learning rate or posttraining retention
rate. These results are promising in that children with DLD
who vary on a number of factors can benefit from the
intervention in that they learn words during treatment.
Similarly, children who vary on a number of factors are
likely to demonstrate similar retention of learning across
posttreatment intervals.
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