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Abstract
Background and Aims: Children with developmental language disorder (DLD) benefit from word learning procedures
that include a mix of immediate retrieval and spaced retrieval trials. In this study, we examine the relative contribution of
these two types of retrieval.
Methods: We examine data from Haebig et al. (2019) in their study that compared an immediate retrieval condition and
a condition of spaced retrieval that also included immediate retrieval trials. Participants were 4- and 5-year old children
with DLD and same-age peers with typical language development. Each child learned novel (made-up) words referring to
unusual plants and animals in both conditions. We examined the phonetic accuracy of the novel words used during the
final learning trial and during recall tests 5 min and | week after learning.
Results: On the final learning trial, the children were more phonetically accurate in using the novel words learned in the
immediate retrieval condition. However, recall tests after the learning trials revealed a decrease in accuracy, especially for
the children with DLD. After one week, accuracy was much lower for words in the immediate retrieval condition than for
words in the mixed spaced-plus-immediate retrieval condition. For words learned in the mixed spaced-plus-immediate
retrieval condition, accuracy was very stable across time for both groups.
Conclusions: Immediate retrieval boosts the phonetic accuracy of new words in the short term but spaced retrieval
promotes stability and increases the likelihood that short-term gains are maintained.

Implications: When novel word learning is assessed at the level of phonetic accuracy, children with DLD can show
declines over time not characteristic of children with typical language development. Spaced retrieval procedures augmen-
ted by immediate retrieval opportunities during learning appear to prevent such declines, leading to longer-lasting gains.
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Introduction know, their understanding of these words is relatively

shallow (McGregor et al., 2013). These deficits are not
Many children with developmental language disorder easily attributable to the children’s linguistic experience.
(DLD) show signiﬁcant deficits in word leaming. Relative Even when new words are taught in Systemaﬁc ways,
to their same-age peers with typical language development  many children with DLD have only limited success (e.g.,
(TD), they know fewer words and, for the words they do  McGregor et al., 2021; Storkel et al., 2019). This is not a
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short-term weakness; the vocabulary skills of children with
DLD fall further behind those of their peers from preschool
age through adolescence (Rice & Hoffman, 2015).

To gain a better understanding of the word learning defi-
cits of children with DLD, many investigators have employed
a paradigm in which the children are asked to learn a set of
“novel” (made-up) words referring to unfamiliar referents,
actions, or attributes. (In keeping with the current literature,
we employ the descriptor “novel” to refer to such made-up
words. An alternative such as “nonword” is often used
for made-up phonological sequences presented with no
referent, such as in “nonword repetition” tasks.) In
general, novel word learning studies reveal that children
with DLD require more exposures to the novel words
than their age mates to reach the same learning criterion
level (Kan & Windsor, 2010). Novel word studies often
provide children with information about both the word
form (e.g., “pibe” /paib/) and the meaning assigned to
the novel word (e.g., “a plant that likes butterflies”).
Although children with DLD can struggle with both
form and meaning, learning word forms seems to be the
most difficult (Gray, 2004; McGregor et al., 2017a).
Even when words are recalled, these children’s phonetic
productions tend to be less precise and consistent than
their peers with TD.

Most novel word learning studies have included mea-
sures of both the children’s encoding and longer-term
retention of the words. Encoding refers to the process
of forming temporary representations of the word. With
increasing experience with the word during the learning
period, these representations can be gradually refined.
This may occur for word forms (e.g., refined phonetic
representations) and for word meanings (e.g., more
precise, detailed semantic representations). Longer-term
retention is assessed in these studies using tests of word
form and meaning several days or one week after the
learning period (e.g., Leonard et al., 2019b; McGregor
et al., 2017b).

To date, evidence suggests that encoding is the weakest
aspect of word learning in DLD (Bishop & Hsu, 2015;
Gordon et al.,, 2020; Jackson et al., 2021; McGregor
et al., 2017b). Once individuals with DLD show an
ability to consistently recall a word in the short term, their
ability to retain the word over longer stretches of time is
less impaired (Leonard et al., 2021; McGregor et al.,
2017b; McGregor et al., 2020).

Among the more recent novel word learning studies are
those exploring the possible contributions of retrieval prac-
tice (Chen & Liu, 2014; Leonard et al., 2020; McGregor
et al., 2017b). Thus far, findings from such studies seem
to hold promise for application to the clinic (see Gordon,
2020 for a recent review). This work has borrowed two
major principles from the memory literature in psychology.
The first is the value of including repeated retrieval trials
during the learning period. When learners are asked to

retrieve material they have studied on multiple occasions
throughout the study period, their retention of the mate-
rial is dramatically better than when learners continue
to study the material without including any attempts at
retrieval (e.g., Roediger & Karpicke, 2006). The second
principle is the benefit obtained by spacing the retrieval
trials during study periods in a manner that makes retrie-
val effortful but usually successful. In many studies, this
is done by inserting other items between successive
retrieval attempts of a given item (e.g., placing trials
for other words between the first and second time a
given word has been seen). Relative to immediate retrie-
val (in which there are no intervening items between a
retrieval trial and the preceding study trial), spaced retrie-
val usually leads to much greater long-term retention
(e.g., Karpicke & Roediger, 2007).

The two principles of repeated retrieval and spaced
retrieval have been combined in several studies of chil-
dren’s novel word learning by Leonard and his colleagues.
These investigators found that preschool-age children with
DLD and same-age typically developing peers learned and
retained novel words referring to nouns (Leonard et al.,
2019b) and adjectives (Leonard et al., 2019a) strikingly
better when repeated spaced retrieval (RSR) trials were
inserted during learning than when the children had the
same exposure to the words during study trials without
the opportunity for retrieval. This difference held not only
during recall testing 5 min after the learning period but
also 1 week later.

In the studies just described, the investigators increased
the likelihood of the children’s early success with RSR by
including immediate retrieval trials at the beginning of
learning and at least one point later during the learning
period. An example of the RSR schedule used by
Leonard et al. (2019b) appears in Figure 1. The sequence
in the figure shows, for the novel word /nep/, one immedi-
ate retrieval trial (labelled “0” because there are no words
that intervene between the study trial and the retrieval
trial) and two spaced retrieval trials (labelled “3” because
there are three intervening words between a retrieval trial
and the preceding study trial for that word). This sequence
occurred four times over a two-session learning period and
thus consisted of a total of four immediate retrieval trials
and eight spaced retrieval trials for each word. It can
also be seen from Figure 1 that both immediate retrieval
and spaced retrieval trials were followed by study trials.
Insertion of these study trials ensured that the words in
this condition were heard as often as the words in the
repeated study condition. However, these study trials
could also serve as feedback, as they provided the
“correct” answer to the retrieval prompt. (The children
were not explicitly told whether their retrieval attempt
was correct.)

Although these studies provided strong support for the
use of repeated retrieval, the spacing of retrieval was not
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Figure |. An example of the first block of the learning period in the study of Leonard et al. (2019b). In this example, the novel word
Ingp/ is assigned to the repeated spaced retrieval (RSR) condition. In this block, /nep/ is retrieved in three instances. Retrieval is
immediate in the first retrieval trial. This is designated “0” because there are no words intervening between the retrieval trial and the
preceding study trial. For the second and third retrieval trials for /nep/, three other words intervened between the retrieval trial and
the preceding study trial. For this reason, these retrieval trials are designated “3.” Two other words in the sequence (/paib/ and /bog/)
were in the repeated study condition and did not have retrieval trials. Three additional blocks, identical to the first were used for all
words. Thus, each word in the RSR condition has four immediate retrieval trials and eight repeated spaced retrieval trials.

put to the test in these studies. In the comparison condition
of repeated study, there were no retrieval trials of any kind.
However, in a study by Haebig et al. (2019), spaced retrie-
val in particular was examined by comparing a condition
that included both immediate and spaced retrieval trials
with a condition consisting of immediate retrieval trials
only. Specifically, across the two-session learning period,
there were two immediate retrieval trials and four spaced
retrieval trials for each word in the spaced retrieval condi-
tion, and six immediate retrieval trials for each word in
the immediate retrieval condition. Children heard each
word 24 times. A strength of this design was the fact that
the two conditions provided not only equal exposure to
the words (24 exposures per word) but also the same
number of retrieval opportunities (6 retrieval opportunities
per word). Only the spacing of the retrieval trials distin-
guished the two conditions. Haebig et al., found that
better learning and retention was produced by the condition
that included spacing; this advantage was seen at both five-
minute and one-week recall testing, for both children with
DLD and same-age peers with typical language develop-
ment. Haebig et al. (2021) replicated this finding in
another study of children with typical language skills.
One of the notable findings of the Haebig et al. (2019,
2021) studies is that the immediate retrieval condition

was not as successful even though, during the learning
period, the children produced the novel words in the imme-
diate retrieval condition more frequently than they pro-
duced the novel words in the spaced retrieval condition.
Many of the children’s retrieval attempts on spaced retrieval
trials were unsuccessful, especially early in the learning
period, whereas retrieval attempts on immediate retrieval
trials were usually correct. It appeared that the reduced
retrieval demands of the immediate retrieval condition
were responsible for this difference. Along with providing
the children with more production practice on the words,
the immediate retrieval condition provided more opportu-
nities for encoding. That is, the productions were made in
a meaningful context — each immediate retrieval attempt
was made directly after a study trial and in the presence
of the novel word’s referent. Furthermore, as immediate
retrieval continued across the learning period, the phonetic
representation of each novel word had the possibility of
being gradually refined. The likelihood of the representa-
tion becoming stronger seems even more likely given that
feedback was provided after each retrieval attempt.

Yet these multiple encoding opportunities were not suf-
ficient to bring the children’s later recall of these words up
to the level seen for the words in the spaced retrieval con-
dition. The most obvious explanation for this finding —
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consistent with the broader memory literature — is that the
more effortful retrieval required in the spaced retrieval con-
dition enabled the words in this condition to be retained for
a longer duration.

But two details in the spaced retrieval procedure used by
Haebig et al. (2019, 2021) suggest that additional factors
may have been at work in rendering spaced retrieval more
effective. First, feedback was provided after retrieval
attempts. Initial work has demonstrated that young children
benefit from receiving feedback after retrieval prompts rela-
tive to no feedback and relative to learning conditions that
include repeated study and elaborative learning strategies
(Ma et al., 2020). Importantly, though, feedback is most
effective as an aid to learning when retrieval attempts are
unsuccessful (e.g., Rowland and DeLosh, 2015) or when
retrieval is successful but the learner has low confidence
in whether the attempt was, in fact, correct (Butler et al.,
2008). As just noted, during the learning period in the
Haebig et al., studies, retrieval was often unsuccessful in
the spaced retrieval condition. In addition, it seems likely
that in many instances, when the children did produce a
correct response in the spaced retrieval condition, they
were unsure of its accuracy until feedback confirmed that
their response was, in fact, correct.

A second potentially important detail in the Haebig et al.
(2019, 2021) studies was that immediate retrieval trials
were included in the spaced retrieval condition. The
assumption was that the early appearance of an immediate
retrieval trial might result in early retrieval success, and
any later appearances of an immediate retrieval trial might
serve as a much-needed “refresher” for those words that
were not yet being retrieved successfully. Although not
numerous, these immediate retrieval trials might have
enabled the children to produce a response that approxi-
mated the correct form, which, in turn, could have increased
the likelihood of a best guess at the correct word during a
subsequent spaced retrieval trial. In such a circumstance,
feedback is especially effective. Of course, without frequent
re-appearances of immediate retrieval trials in the spaced
retrieval condition, there were fewer instances in which
the child’s retrieval attempt could closely follow a study
trial. Therefore, the phonetic representation of the word
might not have had as much opportunity to be refined.
However, the spacing had the compensatory effect of creat-
ing a more stable representation that would endure for at
least one week after the learning period.

This possible facilitating role played by immediate retrie-
val in the spaced retrieval condition receives support from a
recent study by Kueser et al. (2021) that examined the
trial-by-trial data from the spaced retrieval conditions in
the studies by Haebig et al. (2019); Leonard et al. (2019a),
and Leonard et al. (2019b). As noted earlier, in each of
these studies, immediate retrieval trials were included
along with the larger number of spaced retrieval trials.
Kueser et al.,, found that the children’s success on an

immediate retrieval trial increased the likelihood of
success on subsequent spaced retrieval trials. By them-
selves, successful immediate retrieval trials did not predict
the children’s final longer-term recall at 5 min or 1 week
after learning; only success on spaced retrieval trials
proved predictive. In that study, a retrieval attempt was
deemed successful even if the word form produced was
not a perfect match to the target form (e.g., /mep/ for /nep/
). However, an unexplored possibility is that immediate
retrieval might have had a mediating effect on longer-term
recall by improving the fine-grained phonetic representation
of the word which, in turn, could be rendered more stable
through successful retrieval on spaced retrieval trials.

In the present study, we take a closer look at the relative
contributions of immediate retrieval and spaced retrieval to
phonetic accuracy. We do so by focusing on both the
(repeated) immediate retrieval condition (hereafter, the IR
condition) and the (repeated) spaced retrieval condition
(hereafter, the RSR condition) in the study of Haebig
et al. (2019) and by using a more discerning means of
scoring accuracy. In each of the three studies already
described — including that of Haebig et al., — a binary
“correct-incorrect” scoring system was devised using as
its basis the method developed by Edwards et al. (2004).
In the Edwards et al., system, each consonant is awarded
one point for each of place, manner, and voicing. Each
vowel is credited with one point for each of backness,
length, and height. An additional point is given if the
child’s production maintains the correct syllable shape
(e.g., consonant-vowel-consonant; CVC).

In the three retrieval studies adopting this system, for a
production to be scored as “correct,” it had to subjectively
seem like a true attempt at the novel word and the total
points awarded the production had to be higher than the
points that would be credited if the production was actually
an attempt at one of the other novel words. For example, a
fully accurate production of the novel word /pobik/ would
earn 16 points (3+3+3+3 43+ 1). If a child’s apparent
attempt at /pobik/ were produced as /topik/, the scored pro-
duction would earn 14 points 2+3+2+3+3+1). (The
place error of the initial consonant and voicing error of
the medial consonant reduced the score from 16 to 14).
To ensure that /topik/ was more likely an attempt at
/pobik/ than an attempt at one of the other novel words,
the similarity of /topik/ to the other novel words would
also be tested. For example, scoring /topik/ as an attempt
at the novel word /kodam/ would produce a total of only
9 points (2+3+1+2+0+1). Assuming that tests of the
similarity of other novel words to the child’s production
likewise resulted in lower scores, /topik/ would be scored
as “correct” for the word /pobik/. To take another
example, if a child appeared to be referring to the novel
word /fumi/ with the production /fupi), the score would
be 11 3+3+1+3+1), with points deducted for the
manner and voicing errors of the second consonant. If we
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test an alternative assumption that /fupi/ was instead an
attempt at the novel word /nep/, the resulting score would
be 3, with only the second consonant matching (namely,
/p/ in /fupi/ and /nep/). On the other hand, if the child pro-
duced /nup/ when the referent for /fumi/ was presented, the
production would not pass the test as a likely attempt at
/fumi/, as it would earn only 4 points (3 points for the
first vowel and 1 point for the second consonant),
whereas if taken as an attempt at the (wrong) novel word
/mep/, points would be deducted only for the vowel, with
full credit for both consonants plus the extra point for sylla-
ble shape for a total of 7 points. Thus, /nup/ would be scored
as incorrect in the context of the referent for /fumi/. This
system of scoring a production as “correct” or “incorrect”
yielded very high inter-judge reliability and provided an
objective means of testing subjective judgments of the
novel words the children were actually attempting.

However, this binary adaptation did not take full advan-
tage of the Edwards et al. (2004) system. Even when a
child’s multiple productions of the same word were all
deemed “correct” by binary scoring, these productions
might have differed in their phonetic precision. For
example, according to the scoring system used, both
/topik/ and /tobik/ would be scored as equally “correct”
attempts at /pobik/, but /tobik/ would actually earn more
points (15) than /topik/ (14). In the present study, we use
as the dependent measure the actual point totals of the pro-
ductions originally meeting the criteria as “correct.” It was
important to consider only those productions meeting the
initial criteria of “correct” to avoid serious distortions in
the data. In particular, we needed a basis for excluding pro-
ductions such as /nup/ in response to the referent for /fumi/,
which on both subjective and objective grounds could have
been an attempt at a different novel word.

In previous studies with older individuals with DLD, the
more detailed application of the Edwards et al., system has
proven to be quite useful (Gordon et al., 2020; McGregor
et al., 2017b). For example, Gordon et al., found that the
phonological precision of the participants’ word produc-
tions during the learning period was related to their preci-
sion on the same words on a free recall test administered
24 h later.

By adopting this level of scoring detail, we could
pursue questions concerning the relative contributions of
immediate retrieval and spaced retrieval that might not
otherwise be possible. Our hypotheses follow from the
Kueser et al. (2021) finding of apparent beneficial effects
of immediate retrieval on subsequent spaced retrieval
trials but not on longer-term recall. We hypothesize three
outcomes, the first two of which, at first blush, may
appear contradictory:

1. Phonetic accuracy at the end of the learning period on
the final learning trial will be greater for words in the
IR condition than for words in the RSR condition;

2. Phonetic accuracy will show greater decline from the
end of the learning period to the 5-min testing point,
and then again to the 1-week testing point, for words
in the IR condition than for words in the RSR condition;

3. The decline described in (2) will be most apparent in the
DLD group.

Our rationale for Hypothesis 1 is that immediate retrieval
would seem to provide the most benefit to encoding and
thus phonetic accuracy during the learning period itself.
Because the IR condition contained the most immediate
retrieval trials, there was more opportunity for phonetic
encoding to continue to be enhanced and therefore by the
final trial in the learning period words in this condition
should show greater phonetic accuracy. Although words
in the RSR condition also benefit from immediate retrieval
trials, there were fewer of these trials, and final trials in this
condition were always spaced retrieval trials. Further bene-
fits to encoding would therefore be more limited.

Hypothesis 2 is based on the finding of Kueser et al.
(2021) that success on immediate retrieval trials did not
predict success on longer-term recall at 5 min or 1 week,
even though it appeared to facilitate success on subsequent
spaced retrieval trials during the learning period. This sug-
gests that without the effortful retrieval involved in spaced
retrieval, encoding effects on the phonetic aspects of a word
might have a relatively short life span. When combined
with effortful retrieval, the enhanced phonetic details
might be more likely to be preserved. It is true, as noted
in Hypothesis 1, that words in the RSR condition had
fewer opportunities for phonetic refinement due to the
inclusion of a smaller number of immediate retrieval
trials. However, the greater number of opportunities for
effortful retrieval — especially with feedback — should
render those phonetic details that have been acquired
more stable. As a result, words in this condition should
show less decline from the final learning trials to the
5-min and 1-week tests.

Finally, Hypothesis 3 is founded on earlier studies that
point to encoding as an especially weak aspect of word
learning in individuals with DLD (Bishop & Hsu, 2015;
McGregor et al., 2017a). Based on these earlier studies,
we take as a given that these children’s productions on
the final trial of the learning period will be phonetically
less accurate than those of their TD peers. However, even
with this lower baseline, we anticipate that the phonetic
details resulting from immediate retrieval will weaken
further when the children with DLD must try to recall the
word 5 min and, especially, 1 week later. This decline is
likely to be greater than we see in the TD group.

It is important to note that the present study is concerned
only with productions that were scored as “correct’” using the
original scoring system. As a point of reference, for the chil-
dren with DLD an average of 3.50 words in the RSR condi-
tion and 1.31 words in the IR condition were recalled on both



Autism & Developmental Language Impairments

the 5-min and 1-week test based on the original scoring. For
the children in the TD group, an average of 5.38 words in the
RSR condition and 2.69 words in the IR condition were
recalled at 5-min testing; the corresponding averages for
the 1-week test were 4.94 and 1.88 words recalled. From
Haebig et al. (2019), we already know that highly inaccurate
productions were not scored as correct, and there were many
instances of “I don’t know” or “I don’t remember.” All of
these could have been instances of very partial phonetic
representations or complete encoding failures. Thus, even
though, using the original scoring standard, fewer words
were correctly recalled in the IR condition than in the RSR
condition, in the present study, we examine only those that
met the original “correct” standard. We hypothesize that
even in this case phonetic differences will emerge.

Methods

Participants

The data used in this study came from the novel word pro-
ductions of the children in the study by Haebig et al. (2019).
A summary of the participant characteristics appears in
Table 1. Thirty-two children participated, 16 who met the
selection criteria for DLD (10 girls, six boys, M age=
59.60 months) and 16 who met the criteria for showing
typical language development (10 gitls, six boys, M age =
61.58 months). All children passed a pure tone hearing
screening in both ears at 20 dB at 500, 1000, 2000, and
4000 Hz using a calibrated portable Beltone Model 119
audiometer, and all scored above a nonverbal cognitive
assessment standard score of 85 on the Kaufman
Assessment Battery for Children — Second Edition (2004).

The children in the DLD group were receiving treatment
for a language deficit or were scheduled for such treatment.
Fourteen of these children were selected on the additional
basis of standard scores below 87 on the Structured
Photographic Expressive Language Test — Preschool 2

Table I. Summary of participant characteristics.

Participant Group

Test/Measure

DLD TD
Age (in months) 59.60 (4.43) 61.58 (5.16)
Maternal Education (in years)  15.50 (1.59) 16.63 (1.75)
SPELT-P2 (standard score) 78.69 (9.41) 113.06 (9.17)
K-ABC-2 (standard score) 101.88 (8.00)  115.81 (10.06)
PPVT-4 (standard score) 103.44 (9.91)  121.06 (12.47)

Note. Values are means (standard deviations). DLD = children with
developmental language disorder; TD = children with typical language
development; SPELT-P2 = Structured Photographic Language Test —
Preschool Second Edition; K-ABC-2 = Kaufman Assessment Battery for
Children — Second Edition; PPVT-4 = Peabody Picture Vocabulary Test —
Fourth Edition.

(SPELT-P; Dawson et al., 2005), the cutoff yielding good
sensitivity and specificity (Greenslade et al., 2009). The
two remaining children scored 89 and were included on
the basis of scoring below the 10™ percentile on
Developmental Sentence Scoring (Lee, 1974) from a lan-
guage sample. The children in the TD group scored at
least 100 on the SPELT-P2. All children in the DLD
group scored in the “minimal to no symptoms” range on
the Childhood Autism Rating Scale — Second Edition
(Schopler et al., 2010). This test was not administered to
the children in the TD group.

The Peabody Picture Vocabulary Test — Fourth Edition
(Dunn & Dunn, 2007) was also administered to all children.
Scores on this test served as a covariate in the analysis con-
ducted by Haebig et al. (2019) and were not used as a selec-
tion criterion.

Given that the children likely differed in their phonolo-
gical skills, they were also given a speech sound test con-
sisting of real words that included all segments in the
same word position and syllable shape as the novel words
(e.g., castle, saddle, and bottom for /kodom/). In the
present study, the children’s scores on this test were used
as a covariate in the analysis. All procedures were approved
by the Purdue University Institutional Review Board. The
children gave their verbal assent and parents provided
informed written consent.

Novel word learning procedure

The children learned 12 novel words, divided into two sets
of six words. The novel words were /bog/, nep/, /paib/, /jat/,
/daibo/, /fumi/, /gine/, toma/, /kodom/, /melop/, /pobik/, and
/tekat/. The two-syllable words had syllable-initial stress.
The words in the two sets were balanced in terms of syllable
shape (CVC, CVCV, CVCVC). Within each set, three of the
words were assigned to the IR condition and three to the
RSR condition (originally referred to as the “repeated retrie-
val with contextual reinstatement” or RRCR condition in
Haebig et al.), again balanced according to syllable shape.
The words in the sets and conditions were also matched
on phonotactic probability (average biphone frequency)
and neighbourhood density using the Storkel and Hoover
(2010) child language corpora database. The words assigned
to each condition were counterbalanced across children. The
novel words served as the labels for colour photos of exotic
plants and animals.

The photos and recorded stimuli were presented via
computer. Within each set, four blocks were used, two con-
taining the words in the IR condition and two blocks con-
taining the words in the RSR condition. One block from
each condition was presented on each of two consecutive
days. The order of the blocked learning conditions was
counterbalanced across children.

Both learning conditions employed both study trials and
retrieval trials. In study trials, the child saw the photo and
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heard both the novel name 3 times and what the referent
“liked” once as in “This is a /pobik/. It’s a /pobik/. A
/pobik/ likes snow.” In retrieval trials, the photo appeared
and the child heard questions probing both the name of
the referent and what it likes, as in “What’s this called?
What do we call this?” and “What does this one like?
What does it like?” In the present study, we focus only
on the children’s retrieval and recall of the novel words,
not the familiar words (e.g., “snow”) representing what
the plant or animal liked.

Each word, regardless of condition, had four study trials
(each trial providing 3 exposures to the word) and three
retrieval trials in each block. All retrieval trials were fol-
lowed by a study trial for the same word that could serve
as feedback, though the children were never told explicitly
whether their retrieval attempt was correct.

The two conditions differed in the type of retrieval sche-
dule used. For words in the IR condition, the retrieval trial
always occurred directly after a study trial of the same
word. Thus, there were six immediate retrieval trials for
each novel word, three in each block. Haebig et al. (2019)
referred to this schedule as a 0-0-0 schedule, representing
each word’s spacing pattern in each block. For words in
the RSR condition, the first retrieval trial in each block
occurred directly after the study trial for the same word
(thus involving immediate retrieval). The remaining retrie-
val trials occurred after two other words had intervened
between the retrieval trial and the previous study trial for
the word to be retrieved (thus involving spaced retrieval).
For this condition, then, there were two immediate retrieval
trials (one in each block) and four spaced retrieval trials
(two in each block) for each novel word. This schedule
was referred to as a 0-2-2 schedule, reflecting the spacing
pattern for the words in each block for this condition.

Recall testing occurred at the end of the second learning
session, after a five-minute break. The recall test used the
same photos and prompts (“What’s this called? What do
we call this?”’) as the retrieval trials. Each novel word was
tested twice, with the second test item for the word appear-
ing only after all words were tested a first time. One week
later, the same recall test was repeated. Beginning the
next week, the second set of novel words was introduced,
following the same procedures as the first set.

Scoring

For all responses on the final learning trial and all recall test
responses that were originally scored as “correct” by
Haebig et al. (2019), we recorded the specific numerical
score earned based on the Edwards et al. (2004) scoring
system. As noted earlier, the Edwards et al., system
awarded one point each for correct place, manner, and
voicing of consonants, one point each for correct backness,
height, and length of vowels, and one additional point for
correct syllable shape (e.g., CVCV). By employing a

precise value for each word judged originally as “correct”
we could make more fine-grained distinctions of phonetic
accuracy. For example, a completely accurate rendition of
the novel word /fumi/ was entered with a score of 13 (3 +
3+3+3+1), which could then be distinguished from a
production such as /fubi/ — with a value of 12 3+3+2+
3+ 1) — even though /fubi/, like /fumi/, had met the original
criteria for “correct.”

Given our hypotheses, we entered the numerical score
for each correct production occurring on the final trial of
the learning period — which was an immediate retrieval
trial for the IR condition and a spaced retrieval trial for
the RSR condition. We also entered the numerical score
for each correct production on the 5-min and 1-week
recall tests. Note that both the 5-min test and the 1-week
test included two test items for each word. For our
mixed-effects modelling, the numerical score for each
correct production was entered. Thus, if all of a child’s pro-
ductions of a word on the final learning trial, the 5-min test,
and the 1-week test had been judged as correct, the numer-
ical values for five different productions of the word would
be included in the data to be analysed. For consistency, we
refer to the two 5-min test items and the two 1-week test
items as the “5-min test trials” and “l-week test trials,”
respectively. This terminology seems compatible with the
fact that the test items were identical to the retrieval trials
during the learning period in both the photos shown and
the retrieval prompts given (“What do we call this?
What’s this called?”).

The numerical values for each word production were
then converted to a percentage correct. This was necessary
because completely accurate productions of CVC, CVCV,
and CVCVC words yielded different total scores, owing
to the different number of segments included in these sylla-
ble shapes. Thus, a score of 15 for an attempt at the novel
word /pobik/ would be 15/16 or 94% and a score of 12
for an attempt at the novel word /fumi/ would be 12/13 or
92%.

Analytical approach

We used mixed-effects linear regression to model children’s
phonetic accuracy during the final learning trial, the two
5-min test trials, and the two 1-week test trials. Phonetic
accuracy percentages were arcsin-square-root transformed
to correct for non-normality. Independent variables were
Participant Group (TD/DLD), Learning Condition (IR/
RSR), and Trial Time (final trial/5-min/1-week), and their
interactions. Scaled and centred percentage correct on the
pre-experiment real-word speech sound test was also
included as a covariate. We included the most complex
random effects structure justified by our design that
would converge to reduce the likelihood of Type I error
(Barr et al., 2013). For our primary model, this structure
included random intercepts of participant and word with a
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random slope of condition for the participant intercept and
random slopes of condition and group on the word inter-
cept. The R-style model equation was Phonetic_Accuracy
~ Group * Condition * Trial_Time +
Covariate_Percentage + (Condition | Participant) + (Group
+ Condition | Word). (In this equation, the symbol “~”
separates the dependent variable on the left from the inde-
pendent variables on the right.) As the trial time variable
had three levels, we used the afex and Ime4 R packages
(Bates et al., 2015; Lenth, 2019) to present the model in
an ANOVA-style table with Type-3 tests. We also
provide the full model output with coefficients and standard
errors in Supplementary Materials. Post-hoc tests were con-
ducted using the emmeans R package (Singmann et al.,
2019). When we report post-hoc means from the model,
we back-transform from the arcsin-square-root scale to
the percentage point scale for clarity. In addition, when
describing the results, we use the “%” symbol to denote
changes in phonetic accuracy as absolute changes in per-
centage points of accuracy using the Edwards et al.
(2004) system but not percentage change relative to a
baseline.

Results

A summary of the children’s phonetic accuracy during the
final learning trial, the 5-min test trials, and the 1-week test
trials is provided in Figure 2a-2b. Two participants, both in
the group with TD, were excluded from the analysis
because they were at ceiling on phonetic accuracy across
words. There were 627 trials distributed across 30 partici-
pants and 12 words. The linear mixed-effects model pre-
dicting phonetic accuracy from the interaction of group,
condition, and trial time is presented in Table 2. (The full
model output is provided in Table Sla-S1b in
Supplemental Materials.) The linear mixed-effects model
was a significantly better fit to the data than a model with
random effects only, X*(12) = 146.42, p < .001. In the fol-
lowing sections, we characterize the main effects and sig-
nificant interactions, focusing specifically on the
comparisons related to our three hypotheses.

Main effects

There was a significant effect of the covariate — the accuracy
score on the pre-experiment real-word speech production
test. With each increase in 10% on the speech production
test score there was an associated increase of 3.26% (i.e.,
3.26 percentage points), SE =0.25%, in phonetic accuracy
on the learning and test trials. The covariate was included
in all analyses reported here; thus, all effects reported
were apparent even after pre-experiment speech sound
test scores were taken into account. There was a significant
main effect of Participant Group; the group with TD scored
5.60 percentage points higher on the phonetic accuracy

measure than the group with DLD across trial times and
learning conditions, F(1, 29.16)=6.10, p=.020. There
was also a significant main effect of Trial Time, F(2,
570.23) =36.46, p <.001, that was characterized by signifi-
cantly decreasing phonetic accuracy from the final learning
trial, EMM [estimated marginal mean]=96.5%, SE=
1.56%, to the 5-min test trials, EMM =92.1%, SE=
2.32%, 1(574)=-5.59, p < .001, and from the 5-min test
trials to the 1-week test trials, EMM =88.7%, SE=
2.77%, t(563) = —3.01, p = .003, across groups and learning
conditions. Finally, the main effect of Learning Condition
was not significant, F(1, 16.81)=0.23, p =.634.

Interactions and hypotheses

In our first hypothesis, we predicted that the final trial of the
learning period would show greater phonetic accuracy for
words in the IR condition than for words in the RSR condi-
tion. A significant interaction between Trial Time and
Condition showed that this was the case, F(2, 571.96)=
30.21, p < .001. Specifically, words learned in the IR con-
dition had phonetic accuracy scores that were 7.18 percen-
tage points larger than words learned in the RSR condition
in the final learning trial, #(17.7)=-2.23, p=.039. The
interaction between Trial Time and Condition also sup-
ported our second hypothesis that phonetic accuracy
would decline more quickly for words in the IR condition
than for words in the RSR condition. Table 3 shows differ-
ences between consecutive trial times across conditions.
These differences show that phonetic accuracy from the
final learning trial to the 1-week test trials declined for
words in the IR condition, EMMg;na—week = 13.42%, SE =
2.03%, t(564)=9.97, p <.001, but remained stable for
words in the RSR condition, EMMg;,.—week = 0.64%, SE
=1.32%, 1(546)=0.49, p=.627. Overall, words in the IR
condition initially demonstrated better phonetic accuracy
than words in the RSR condition but this accuracy
quickly decreased over time. In fact, on the 1-week test

Table 2. Linear mixed-effects model predicting phonetic
accuracy from the interaction of group, condition, and trial time.

Effect df F p

Intercept I, 16.36 959.63 <.001
Group l,29.16 6.10 .020
Condition I, 16.81 0.23 .634
Trial time 2, 570.23 35.46 <.001
Phon. covariate l,29.62 11.98 .002
GxC l,27.14 0.13 .720
GXTT 2, 569.08 6.88 .001
CxTT 2,571.96 30.21 <.001
GXCXTT 2, 567.22 6.56 .002

Note. G = Group (DLD/TD), C = Condition (IR/RSR), TT = Trial time (final
learning trial/5-min test/|-week test). P values were calculated using the
Kenward-Roger approximation for degrees of freedom.
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Figure 2. A. The mean phonetic accuracy of words in the immediate retrieval (IR) condition by the children with typical language
development (TD) and the children with developmental language disorder (DLD) on the final learning trial, the test administered 5 min
after the second learning session, and the test administered | week later. Error bars are standard errors. B. The mean phonetic
accuracy of words in the repeated spaced retrieval (RSR) condition by the children with typical language development (TD) and the
children with developmental language disorder (DLD) on the final learning trial, the test administered 5 min after the second learning
session, and the test administered | week later. Error bars are standard errors.

trials, words in the RSR condition demonstrated slightly
numerically higher phonetic accuracy than words in the
IR condition, EMMggr_1r =5.60%, SE=5.31%, though
this was not a significant difference, #20.1)=0.97, p=
.349.

However, this overall pattern did not hold equally for
both groups; there were significant interactions between
Group and Trial Time, F(2, 569.08)=6.88, p=.001, and
between Group, Trial Time, and Condition, F(2, 567.22)
=6.56, p=.002. The interaction between Group and Trial
Time showed that the difference in phonetic accuracy
between groups grew over time. Specifically, the two
groups demonstrated similar decrements in phonetic accur-
acy from the final learning trial to the 5-min test trials,
EMMADLD—ATD = —077%, SE= 184%, t(571) = —1.25, P
=.213, but the group with DLD demonstrated a signifi-
cantly larger drop in phonetic accuracy from the 5-min
test trials to the 1-week test trials, EMMapip_aTD=
9.31%, SE=2.49%, 1(561)=3.68, p < .001.

The interaction between Group, Trial Time, and
Condition indicates that the drop in phonetic accuracy for
the group with DLD was driven by words in the IR condi-
tion, supporting our third hypothesis that the effect of learn-
ing condition over time would be particularly pronounced
for children with DLD. Table 4 shows the difference

between the RSR and IR learning conditions across trial
times for each group. An examination of these interaction
contrasts revealed two patterns. First, the group with DLD
did not differ from the group with TD in the degree of
change from the final learning trial to the 5-min test trials
across the two learning conditions, EMMapip_atp=
2.90%, SE=3.74%, 1(567)=0.59, p=.556. Put another
way, both groups demonstrated a similar loss in phonetic
accuracy from the final learning trial to the 5-min test
trials and this loss was greater for words learned in the IR

Table 3. Comparisons of phonetic accuracy between
consecutive trial times and conditions.

Condition  Trial Time Estimate SE  df t p
IR Final — 5-min 6.56 124 553 7.39 <00l
5-min — 6.86 2.10 566 343 .003
I-week
RSR Final — 5-min 0.40 129 545 031 >.999
5-min — 0.25 .16 535 0.21 >.999
I-week

Note. Estimate refers to the difference in absolute percentage points from
the first time point to the second time point in each condition. P values are
corrected for multiple comparisons using the Holm method.
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Table 4. Comparisons of phonetic accuracy between the RSR
and IR learning conditions across trial times for the DLD and TD
groups.

Group Trial Time Estimate SE  df t p

DLD  Final — 5-min 7.93 292 575 391 <.00lI
5-min—I-week 1550 4.03 562 393 <.00I

TD Final — 5-min 503 229 566 342 .00l
5-min—I-week —024 265 556 -0.07 .944

Note. Estimate refers to the difference in absolute percentage points. A
positive number shows that the difference between the RSR and IR
conditions increased across trial times. A negative number shows that the
difference between conditions decreased. P values are corrected for
multiple comparisons using the Holm method.

condition than in the RSR condition (compare Figure 2A
and Figure 2B). This result contrasts with a second
pattern. Here, the group with DLD demonstrated greater
differences between learning conditions from the 5-min
test trials to the 1-week test trials compared to the group
with TD, EMMaprp_atp = 15.70%, SE =4.82%, 1(563) =
2.89, p=.008. For the group with TD, the level of phonetic
accuracy was stable from the 5-min test trials to the 1-week
test trials for words in both the IR and RSR conditions; for
the group with DLD, there was loss of phonetic accuracy
from the 5-min test trials to the 1-week test trials for
words in the IR condition (Figure 2A) but stability for
words in the RSR condition (Figure 2B).

As noted earlier, the present study examined only those
productions meeting the original criteria as “correct” in the
Haebig et al. (2019) study and, in those data, more novel
words by the children with TD were judged as “correct”
than novel words by the children with DLD. This resulted
in more data available for analysis from the TD group.
However, there was nevertheless a sufficient number of
“correct” productions from both groups to permit analysis.
Specifically, all 16 children in the DLD group had “correct”
responses on the final learning trial in both the RSR and IR
condition. This was also true for 15 of the 16 children in the
TD group. The remaining child had “correct” responses for
the final learning trial in the RSR condition but not the IR
condition. One of the 16 children in the DLD group
failed to show “correct” recall of any of the novel words fol-
lowing the learning period; post-learning “correct” recall
data were available for all other children. Nevertheless,
the missing data allowed for the possibility that our
results were providing a distorted picture of the real state
of affairs. Although the mixed-effects models we employed
are designed to handle missing data, as an extra step we ran
a second model with only the data from words that were
successfully recalled (“correct”) by a child on all trials.
These analyses appear in Supplementary Materials and
largely confirmed the findings of our primary analyses.

Finally, in Supplementary Materials, we provide
descriptive data showing the percentage of ‘“correct”

productions that were judged as 100% phonetically accur-
ate during the final learning trial, the 5-min recall trial,
and the 1-week recall trial. The resulting pattern remained
very much as in our original analysis. For the RSR condi-
tion, the percentage of “correct” productions with 100%
phonetic accuracy in both participant groups changed rela-
tively little across time. However, for the IR condition, the
percentage of ‘“correct” productions with 100% phonetic
accuracy decreased from the final learning trial to the
5-min testing trial for both groups and continued to
decline from 5 min to 1 week for the children with DLD.

Discussion

This study pursued three hypotheses concerning the relative
contributions of immediate retrieval and spaced retrieval to
the phonetic accuracy of novel words. All productions
examined in this study met sufficient criteria to be judged
by Haebig et al. (2019) to be true attempts at the correct
word during testing 5 min and 1 week after the learning
period. Our first hypothesis was that final trials of the learn-
ing period would show greater phonetic accuracy for words
in the IR condition than for words in the RSR condition.
Our rationale was that the high frequency of retrieval
attempts occurring immediately after the study trial would
allow encoding to be gradually refined, which should
enhance the phonetic fidelity of the children’s productions
of words in this condition. Words in the RSR condition
had fewer immediate retrieval trials, and the final trials
were spaced retrieval attempts. Consequently, for the
RSR condition, the phonetic accuracy of the final-trial pro-
ductions tended to be based on fewer successful encoding
opportunities and depended on whatever phonetic details
of the words survived when retrieval occurred after other
words had intervened.

The results were consistent with this first hypothesis.
Although statistically reliable (p =.039), the absolute dif-
ference of 7.18 percentage points in accuracy between the
IR and RSR conditions on the final learning trial was not
large. On the other hand, given the fact that all the produc-
tions analysed in this study had already met the original cri-
terion for “correct,” we should not be surprised at the rather
narrow (yet statistically reliable) differences. For example,
the imprecise productions /bobik/ and /pobit/ as attempts
at the novel word /pobik/ would each earn 15 points or a
percentage correct of 94%.

Our second hypothesis was that declines from the final
learning trial to the longer-term tests at 5 min and 1 week
would be greater for words in the IR condition than for
words in the RSR condition. This hypothesis, too, was sup-
ported by the data. Phonetic accuracy for the words in the
RSR condition changed very little if at all from the final
learning trial to the 1-week test trials. This was not true
for words in the IR condition, which showed a decline
across the same time period.
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This finding might appear counterintuitive given the fact
that words in the IR condition had more immediate retrieval
trials than did the RSR condition. And, as noted above, pho-
netic accuracy was higher at the final learning trial for
words in the IR condition. However, immediate retrieval
placed minimal demands on memory. Although each pro-
duction in this condition might have been optimized
thanks to the close proximity of study and retrieval trials,
the stability of these productions could not be taken for
granted when the support of immediately preceding study
trials was removed. Encoding, as we see it, refers to how
well a phonetic representation “sticks” and becomes asso-
ciated with a referent, not how well a phonetic form can
be reproduced in ideal circumstances. We believe the pro-
ductions arising from the RSR condition were a better
reflection of the former. Whatever their accuracy, the pro-
ductions in the RSR condition that did occur certainly
stood the test of time; as can be seen in Figure 2, mean per-
centages correct at 5 min and 1 week never strayed from the
mean percentages on the final learning trial by more than
2.5%.

These findings are important in documenting that spaced
retrieval enables children to preserve whatever phonetic
accuracy they achieved through encoding. This observation
is in line with the oft-described facilitative effect of “effort-
ful” retrieval. We believe there could be two quite specific
factors contributing to this effect. First, when the children
attempted to retrieve words during spaced retrieval trials,
it is likely that some of those attempts were made with
little confidence, even when the attempts proved to be
correct. This is the scenario in which feedback is most bene-
ficial (Butler et al., 2008). In contrast, much of the feedback
provided after retrieval in the IR condition might have had
less impact given that the general accuracy of the children’s
attempts were in little doubt. For words in the IR condition,
most of the benefit probably arose from the close proximity
between a study trial and the retrieval attempt, though, as
already noted, this benefit did not have much staying power.

A second factor that could have contributed to the
advantage of spaced retrieval was the inclusion of immedi-
ate retrieval trials within the RSR condition. It is in this
context that immediate retrieval might be most useful.
Recall that Kueser et al. (2021) found evidence that suc-
cessful immediate retrieval trials led to greater success on
subsequent spaced retrieval trials. In that study, the original
correct-incorrect scoring system was used. We suspect that,
in the present study with the more phonetically precise
scoring system applied to productions already deemed
“correct,” accuracy levels were likewise boosted thanks to
preceding immediate retrieval trials. In short, immediate
retrieval might have facilitated phonetic accuracy in the
short-term, and spaced retrieval promoted stability in
these productions.

Our pursuit of the third hypothesis produced one of the
most illuminating findings of this study. As can be seen

in Figure 2, in the IR condition, the TD children showed
some reduction in phonetic accuracy from the final learning
trial to the 5-min mark but this level showed no further
decline at the 1-week point. In contrast, the children with
DLD continued to show a reduction in accuracy over
time, with an especially steep decline from 5 min to 1
week. These findings comport with the third hypothesis.

We should note that the DLD group’s significant
declines in accuracy in the IR condition did not likely
reflect a more general weakness in longer-term retention.
In the RSR condition, the children with DLD were remark-
ably stable in phonetic accuracy from the final learning trial
to the 1-week testing point. It is true that these children were
less accurate than their typically developing age mates
across the entire period, but this was expected given the
known encoding weaknesses of this clinical population.
(Weaknesses that, in this case, were still evident even
when pre-experiment speech sound accuracy was used as
a covariate.) More important here is the fact that the RSR
stability seen across time was identical in the two groups.
This finding indicates to us that the accuracy-preservation
function of spaced retrieval operates as effectively in chil-
dren with DLD as it does in children with typical language
development.

Another important finding from this study stems directly
from our use of the more precise scoring system for pho-
netic accuracy. In the earlier studies using the original
correct-incorrect scoring system (Haebig et al., 2019;
Leonard et al., 2019a; Leonard et al., 2019b), there was con-
siderable stability observed for both the DLD and TD
groups from 5 min to 1 week. This was true not only for
the RSR condition but also for the comparison conditions
(IR in Haebig et al., repeated study in Leonard, Deevy
et al., and Leonard, Karpicke et al.,). That is, although the
comparison conditions did not show as many words suc-
cessfully recalled at testing as in the RSR conditions, for
those words that met the criterion for accuracy, there
were no differences between the 5-min and 1-week recall
scores. Our current findings indicate that when a more
precise phonetic accuracy measure is used, stability is not
as rock-solid as originally assumed. Stability was, in fact,
still seen for both groups for words learned in the RSR con-
dition. However, for words in the IR condition, only the TD
group maintained the same level of accuracy from 5 min to
1 week. The children with DLD, in contrast, showed a sig-
nificant reduction in accuracy.

In the earlier studies, the apparent stability over time was
used to argue that the word learning weaknesses of children
with DLD should probably not be characterized as “forget-
ting.” These children may not have acquired as many words
as their peers, but for those words they could remember in
the short-term, they managed to hold onto for at least one
week. We now have data that require a modification of
this description. We are not sure whether to characterize
as “forgetting” the finer-grained slippage that we observed
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in the DLD group. Clearly, though, these children’s pho-
netic representations of the words in the IR condition
were not sufficiently robust to prevent further deterioration
beyond the 5-min mark. Opportunities for effortful retrieval
seem to be one way to change the course of this decline.

The findings of the present study join those of other
studies in suggesting that RSR might prove to be an effect-
ive component in teaching new words to children. The com-
parison (IR) condition in this study represented a more
tightly controlled version of an activity that is generally
viewed as helpful to children’s word learning — hearing
new words frequently and having the opportunity to
produce them. Yet, RSR proved more beneficial.

We are also encouraged by the fact that children with
typical language development also benefitted from RSR.
Although they did not show the declines over time in the
IR condition seen in the children with DLD, the TD chil-
dren showed consistently better phonetic accuracy in both
the 5-min and 1-week time trials for words in the RSR con-
dition than for words in the IR condition. For this reason,
RSR seems to be applicable to children in general and prob-
ably should not be seen as a procedure used only in
remediation.

Earlier studies of novel word learning have reported that
children with DLD usually require more exposures to the
words to meet the same criterion levels seen in their typi-
cally developing peers (e.g., Alt, 2011; Gray et al., 2014).
This may continue to be true even if RSR is incorporated
into the procedures. However, we can also note that the
facilitative effect of RSR does not require additional expo-
sures of the words to be taught. Indeed, in the Haebig et al.
(2019) study serving as the source of data here, even the
number of retrieval opportunities was the same as in the
comparison condition. Thus, RSR seems to constitute a
relatively efficient means of improving word learning.

Yet, both in the proportion of novel words learned
(Haebig et al., 2019; Leonard et al., 2019a; Leonard
et al., 2019b), and in the phonetic accuracy of these novel
words (the present study), RSR has only produced
success on a relative level. Absolute levels of recall and
phonetic accuracy are still far from ideal. For example,
although words in the RSR condition showed higher pho-
netic accuracy at the 1-week point than words in the IR con-
dition (see Figure 2), these represented only the words that
met the original standards of “correct” in the Haebig et al.,
study.

Further refinement is needed to increase the effective-
ness of RSR. To boost children’s recall, the number of
words taught in a set and the specific spaced retrieval sche-
dule to employ are two of the factors to consider. It is also
important to point out that, as noted earlier, regardless of
condition, each word in the Haebig et al., study (2019)
was heard only 24 times and there were only six retrieval
opportunities per word. An increase in both exposures
and retrieval opportunities might serve to improve

children’s performance level. Another factor — and most
relevant to the present investigation — is whether a different
mix of immediate retrieval trials and spaced retrieval trials
might result in higher levels of recall and phonetic accur-
acy. For example, it would be a significant enhancement
to RSR if phonetic accuracy on the final learning trial
were increased while still showing the stability across
time seen in the present study. Because immediate retrieval
increases the success of subsequent spaced retrieval trials
(Kueser et al., 2021), an increase in immediate retrieval
trials might have this effect. For now, this expectation is
only speculative. The data used by Kueser et al., to show
the supportive effects of immediate retrieval on spaced
retrieval trials included the RSR condition of Haebig
et al. (2019) that we also examined in the present study.
However, to be more confident that immediate retrieval
was facilitative in the way we propose here, investigators
in future studies might compare a condition with a mix of
immediate and spaced retrieval trials (as in the present
RSR condition) with a condition consisting of spaced retrie-
val trials only.

Summary

The present study has shown that RSR has advantages
beyond facilitating the learning and recall of words whose
phonetic production can be judged as “close enough.”
Even when recall is assessed at a more phonetically
refined level, the boost provided by RSR is readily appar-
ent. The gains from RSR seem to be enhanced through
the insertion of immediate retrieval opportunities that
promote short-term improvements in accuracy that spaced
retrieval can then solidify. For children with DLD, RSR
may avert a significant decline in phonetic accuracy after
5-min testing. For their peers with typical language devel-
opment, RSR produces advantages that are present from
the final learning trial through 1-week testing. Although
the learning and recall profiles are not the same in the
two groups, the RSR benefits to both are clear.
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