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Many children with Developmental Language Disorder (DLD) find learning new words difficult, which negatively
affects their educational and psycho-social outcomes. Word learning involves encoding, consolidation and
reconsolidation of words, but the most challenging phase and factors which moderate word learning remain
unclear.

We conducted a systematic review and meta-analysis to determine which phase is most challenging and which
factors predict oral word learning success in children with DLD. The search including PsycINFO, PubMed, Web of
Science, and LLBA identified forty-six studies published before April 2024 comparing children with DLD and
typically developing (TD) age-matched peers in word learning tasks. Seventy-eight effect sizes were calculated
for encoding (n DLD = 1462, n TD = 2161), eight for consolidation (n DLD = 107, n TD = 112), and 19 for
reconsolidation (n DLD = 296, n TD = 278).

The random effect model identified an effect for encoding (k = 78, d = 0.82, [0.66, 0.98], p < .001) but not
consolidation (k = 8, d = —0.2, [-0.68, 0.29], p = .43) or reconsolidation (k = 19, d = 0.23, [-0.14, 0.59], p =
.22) of new words. The moderator analysis via random effects models identified verbal short-term memory and
lexical knowledge as significant moderators of encoding, while word length was the most important task
characteristic.

Despite limited data for consolidation and reconsolidation, our findings provide new insights into oral word
learning difficulties in children with DLD. These insights help clinicians and teachers identify support strategies
while also highlighting gaps in existing research, driving future studies forward.

Introduction from acquiring new words as easily as their typically developing (TD)

peers. This in turn will help to inform clinical practice and to develop

Developmental Language Disorder (previously known as Specific
Language Impairment; SLI') is a neurodevelopmental condition char-
acterised by persistent difficulties in different linguistic domains (e.g.,
syntax, vocabulary, discourse) that do not have a biomedical aetiology
(Bishop et al., 2017). One of the difficulties often associated with DLD is
word learning (Kan & Windsor, 2010). Word learning is the process by
which a newly encountered word is stored in memory, becoming
available for future understanding and production. Given the impor-
tance of word learning for children’s social and academic success (Bleses
et al., 2016; Rantalainen et al., 2021; Westrupp et al., 2020), it is vital to
understand what stage of the process may prevent children with DLD
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evidence-based interventions specifically tailored to address this
difficulty.

Word learning unfolds through different phases (Gupta, 2005). When
a new word is encountered for the first time, the acoustic information is
perceived creating a first memory trace (Munro et al., 2012). This stage,
referred to as encoding, involves the recognition of the phonological and
semantic characteristics of the new word (Craik et al., 2007), and it is
associated with increased activation in the hippocampus (Davis & Gas-
kell, 2009). Initially encoded words can be retained in long term
memory or forgotten. Throughout the process of consolidation, the
memory trace becomes stable, it is transferred in long term memory and

! In line with CATALISE-2 (Bishop et al., 2017), we use DLD in place of SLI. As DLD has broader criteria, some children now identified may not have met SLI
criteria. For clarity, we report both terms where relevant, reflecting each study’s original terminology.
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integrated with other words in the lexicon (Storkel, 2015). Consolida-
tion takes place over time independently from experience, it is sup-
ported by overnight sleep (Henderson et al., 2012, James et al., 2020)
and is associated with a decreased hippocampal activity (Johnson et al.,
2021) and increased activity in the middle temporal cortex (Takashima
et al., 2019). Finally, once a word is retrieved, it becomes susceptible to
modification and updating. This process, referred to as reconsolidation
(Stickgold & Walker, 2005), provides the learner with the opportunity to
add and integrate information to the first encoding of the word (Buckner
et al., 2001) and to strengthen the memory trace (Laurino et al. 2022).

Word learning is related to working memory and lexical knowledge
through dynamic and complex interactions. The encoding of a new word
is closely related to the working memory system (Archibald & Gath-
ercole, 2006), which is the cognitive construct that holds and manipu-
lates verbal or visual information necessary to complete a task. Working
Memory (WM) is a multi-component system composed of the Central
Executive (CE), responsible for directing attention, and two slave
mechanisms serving for the temporary storage of visual (visual sketch-
pad) or verbal (phonological loop) information (Baddeley & Logie,
1999). The components of the WM system supporting the serial and
temporary storage of information can also be referred as Verbal Short-
Term Memory and Visual Short-Term Memory (Baddeley, 2012). In
particular, when a new word is encountered, verbal short-term memory
holds the strings of phonemes (Magro et al., 2018) while verbal working
memory supports the chunking and elaboration of the word sounds and
the transfer of the word into long term memory through rehearsal pro-
cesses (Munro et al., 2012).

Previously stored lexical knowledge is also key for word encoding
(Archibald, 2018). As children develop their lexicon, they build a
growing repertoire of lexical (whole words) and sublexical representa-
tions (consisting of single phonemes but also sequences of sounds).
During the encoding stage, children recognise the chunks already stored
in their repertoire, reducing the number of units they need to hold in
memory and therefore reducing the WM load (Szewczyk et al., 2018).
Lexical and sublexical representations are also thought to support the
process of redintegration. If a word in encoded inaccurately before it is
transferred to long term memory and embedded into the lexicon, pre-
viously stored words can be used to repair inaccurate encoding, filling
the missing parts with likely sequences of based on those already stored
in long term memory (Jones & Witherstone, 2011).

Word learning is a complex process and better understanding of its
stages and the interplay between working memory and lexical knowl-
edge during new word acquisition, is essential for identifying the spe-
cific mechanisms underlying word learning challenges in children with
DLD. The following section further explores the evidence for challenges
in different phases of word learning faced by children with DLD.

Word learning in DLD: Where is the challenge?

The most recent meta-analysis on word learning in children with
DLD confirmed significant difficulties in this domain. However, the
analysis was limited to fast mapping, a specific aspect of word learning
characterized by quickly associating a word form with its meaning after
minimal exposure (Kan & Windsor, 2010). Fast mapping represents a
preliminary stage of word learning, and it is part of the encoding phase
(Weismer & Evans, 2002). Importantly, Kan & Windsor did not examine
subsequent stages beyond fast mapping, leaving open the question of
which phases pose the greatest challenges for children with DLD.

The first empirical motivation for the encoding hypothesis is pre-
sented in the Nichols and colleagues’ (2004) study in which they
compared patterns of word list learning in 29 children with SLI, aged 6
to 14 years, with 28 typically developing peers of similar age. Their
findings indicated that children with SLI were less effective at encoding
words, which prevented them from learning the lists. Consistently with
this observation, Gray (2003, 2004) found that children with SLI
required significantly more trials to achieve comprehension and
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production of novel words compared to their typically developing
counterparts.

Building on this initial evidence of encoding difficulties in children
with DLD, more recent studies investigated whether encoding is the
critical stage preventing word learning in children with DLD, or whether
later stages of the process are also impacted by the disorder. Bishop and
Hsu (2015) compared 28 children with DLD aged 7-11 years with age-
matched and language-matched children, finding that the DLD group
was significantly less accurate in recognising the new words on the first
day of training, but over the following three days, improved to the same
extent as age-matched controls. Jackson et al. (2021) tested 50 children
with DLD and 54 age-matched TD controls in a 4-day word learning task
and observed that the two groups only differed during the first day of the
task. There were no differences between groups in their learning pattern
during the following days of training and in their ability to retain the
words after the end of the training. Together, these studies suggested
that children with DLD experience difficulties in initially encoding new
words but, their ability to consolidate and reconsolidate previously
encoded information, is comparable to that of their typically developing
peers.

The evidence of challenges with the encoding of words for in-
dividuals with DLD has been strengthened by studies conducted in
adults (McGregor et al., 2013, 2017, 2020). Furthermore, this hypoth-
esis is consistent with psycholinguistic processes required by word
encoding and the profile of relative strengths and weaknesses associated
with DLD. Children with DLD have limited lexical knowledge compared
to their peers, both in terms of the number of words stored into the
mental lexicon and the quality of the mental representation of each word
(see Jones & Brandt, 2018 for a meta-analysis). These inefficient rep-
resentations are hypothesised to impede the effective processing of new
words (Archibald, 2018). Consistent with this hypothesis, Kan and
Windsor’s (2010) meta-analysis showed that wider differences in fast
mapping between children with DLD and TD peers corresponded to
significant differences in receptive vocabulary between the two groups.

Furthermore, DLD is often linked to limited working memory ca-
pacity (Archibald & Gathercole, 2007; Jackson et al.,, 2021), and
reduced verbal short-term memory (Jackson et al., 2020, Talli & Stav-
rakaki, 2020), both of which were found to mediate children’s difficulty
in acquiring new words. Children scoring lower on Verbal Short-Term
Memory (VSTM) tasks (Bishop & Hsu, 2015) and global measures of
working memory (Jackson et al., 2021) seemed to find word learning the
most difficult. In addition, longer words are more challenging than
shorter words for children with DLD (Jackson et al., 2019).

There have been alternative views using computational simulations
which suggest that WM in DLD is not under-resourced but may be
overloaded due to low level auditory perceptual deficits resulting in
word learning difficulties (Jones & Westermann, 2022; Jones et al.,
2024). While it is acknowledged that low level auditory processing may
contribute to word encoding difficulties in children with DLD, a detailed
examination of auditory processing falls outside the scope of this study.
Different theoretical perspectives have shaped research in working
memory over the past five decades and the reader is referred to a
comprehensive review by Cowan (2022).

Despite the theoretical rationale, word encoding difficulties in chil-
dren with DLD have not been documented in every study exploring word
learning in this population. Gray and Brinkley (2011) tested encoding
and consolidation over time of nonwords in pre-school children and
found no difference between children with SLI and language-matched
controls in the number of targets learnt. It should be noted however
that, consistent with the diagnostic criteria of SLI, the participants in the
study had cognitive non-verbal skills and vocabulary scores within the
average expected for their age. This means that the study might not have
identified difficulties in word encoding because of the cognitive
strengths of the participants. Similarly, Adlof et al. (2021) found that
after 30 min of training, the ability to name, comprehend and recognise
novel words was similar in school-aged children with DLD and age-
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matched TD controls, and the DLD group performed at a lower level on
the description of targets only. The authors concluded that children with
DLD experience difficulties in the elaboration of meanings but not in the
encoding of word forms. It is worth noting that task characteristics might
have had an impact on these results. For example, the repeated exposure
to the target might have facilitated the encoding as the quantity of input
received may drive differences between children with DLD and controls
(Riches et al., 2005). In addition, two-syllable targets might have not
been long enough to identify differences between children with DLD and
controls (Jackson et al., 2019).

Difficulties with the consolidation of new words in children with
DLD have also been reported, arguing against the existence of a selective
difficulty with the encoding of new words. Malins et al. (2021) observed
that children with DLD and dyslexia successfully consolidated signifi-
cantly fewer words 24 h after training, compared to children with
dyslexia without comorbid DLD. Importantly, the difference between
the groups in consolidation remained significant even after controlling
for participants’ performance on day one, confirming that the difference
specifically reflected differences in consolidation rates rather than poor
initial encoding. It has been suggested that children with DLD exhibit
poor lexical organization (Esbensen & Thomsen, 2021) which might
explain the difficulty in integrating new lexical entries during consoli-
dation. Nevertheless, following a subgroup analysis, the authors argued
that the difficulties in offline consolidation might have resulted from
individual differences in their sample, such as age, rather than the
presence of DLD. In addition, the targets presented in the study were
highly phonologically similar. Therefore, an alternative interpretation
would be that ineffective encoding did not allow participants to create
distinct and accurate representations of similar words.

Following the study by Malins and colleagues, Gordon et al. (2021)
conducted research to examine how nine children with DLD encoded,
consolidated, and reconsolidated words over time compared to nine
typically developing controls, when provided with highly supportive
training. The results indicated that the initial encoding of novel words
was less effective in children with DLD, although both groups demon-
strated similar abilities to consolidate the words after a month. Impor-
tantly, the authors acknowledged the limited sample size, suggesting
that this may have hindered the detection of group differences in
consolidation. Nevertheless, they argued that based on their results the
disparity in encoding between groups was likely more pronounced than
any potential differences in consolidation. Additionally, the study did
not yield conclusive results regarding whether reconsolidation posed a
specific challenge for children with DLD. However, the authors sug-
gested that this stage may be less critical to overall word learning suc-
cess, aligning with the perspective of Bishop and Hsu (2015).

The assumption that consolidation remains unaffected in children
with DLD aligns with the procedural/declarative memory hypothesis.
This hypothesis suggests that children with DLD experience selective
impairments in procedural memory (which underlies implicit learning,
storage and retrieval) while their declarative memory system (which
underlies conscious recall of facts, events, experiences) remains rela-
tively intact (Lum & Conti-Ramsden, 2013). Both consolidation and
reconsolidation are linked to declarative memory. During consolidation,
a newly learned word is transferred into semantic memory, while
reconsolidation involves the conscious retrieval and updating of that
word from episodic memory. These processes are associated with acti-
vation in the middle temporal cortex, a brain region linked to declara-
tive memory (Squire & Zola, 1996). Given that the declarative memory
system is presumed to be preserved in children with DLD, it follows that
consolidation, and reconsolidation may not pose significant difficulties
for them. However, it is important to recognize that declarative and
procedural memory systems interact and often share neural substrates
(Brown & Robertson, 2007). Therefore, disentangling their roles is
complex, and the implications of consolidation and reconsolidation in
word learning difficulties among children with DLD cannot be fully
understood based solely on this hypothesis.
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In summary, while the evidence suggests that encoding may be
particularly challenging for children with DLD, synthesizing findings
related to all stages of word learning may be key to identifying where the
core difficulties lie.

The current study

Word learning difficulties in DLD have been widely documented in
children and adults. Nevertheless, it is still unclear what phase of this
complex process is most challenging for this clinical population. The
most recent meta-analysis to our knowledge confirmed the association
between DLD and fast mapping difficulties (Kan & Windsor, 2010).
However, in the past decade, a growing body of research contribute with
insights into the nature of word learning difficulties in DLD by exploring
word learning beyond fast mapping and including consolidation and
reconsolidation in the investigation (Bishop and Hsu 2015, Gordon
et al., 2021, Jackson et al., 2021). Furthermore, whilst previous work
has explored the contribution of children’s lexical knowledge, the po-
tential role of working memory has not been explored. Given the
importance of working memory for word learning and the evidence of
weakness in this domain in children with DLD, this aspect should be
carefully considered when exploring word learning in children with
DLD.

Finally, there has been great inconsistency in the approaches used to
test word learning in children with DLD. Tasks characteristics might
contribute to differences between typically developing children and
children with DLD. The literature suggests that word length (Jackson
et al., 2019; Jackson et al., 2021), the number of items (Kapa & Erikson,
2020), and the quantity of exposure (Gray, 2003) have an impact on
children’s ability to learn words in both children with typical develop-
ment and children with DLD. Furthermore, the outcome measures
selected are also crucial for detecting differences between children with
DLD and controls, for example children with DLD seem to be less ac-
curate in the recognition of new phonological forms compared to pro-
duction (Kan & Windsor, 2010). This variability has important
implications for the selection of assessments in future research and in
clinical practice.

Overall, this background provides rationale for an updated meta-
analysis aimed to address the following research questions:

e Do word learning difficulties in children with DLD result from poor
encoding, consolidation or reconsolidation?

e Are word learning difficulties in DLD associated with children’
working memory and/or lexical knowledge?

e Do the task characteristics (word length, number of targets, level of
exposure, outcome measure) contribute to the magnitude of the gap
in performance on a word learning task between children with DLD
and TD?

Methods

This systematic review and meta-analysis followed PRISMA report-
ing guidelines (Page et al., 2021) and has been registered on the OSF
registry.

Data sources

The search strategy was applied to four electronic databases (Psy-
cINFO, MEDLINE/PubMed, Web of Science, the Linguistics and Lan-
guage Behaviour Abstracts) to identify relevant papers, while doctoral
dissertations were retrieved through ProQuest. In addition, the
following key journals were consulted individually through hand
searches: American Speech-Language-Hearing Association journals, the
International Journal of Language and Communication Disorders, Child
Language Teaching and Therapy, International Journal of Speech-
Language Pathology. Finally, the results were integrated with
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reference checking and forward citation searching for key articles
(Jackson et al., 2021; Kan & Windsor, 2010). After completing the
screening, authors of the papers were contacted directly if studies met
the eligibility criteria, but relevant data was missing.

Search strategy

The search strategy was based on Kan and Windsor’s (2010) search
which combined terms for word learning and SLI. This list of keywords
was integrated with additional terms introduced in the literature in the
past ten years following the change of diagnostic label for the clinical
population of interest, now called Developmental Language Disorder
(DLD). The key words are reported in Appendix A.

Eligibility criteria

The eligibility criteria applied to the studies in this meta-analysis are
listed below.

e Design: group comparison studies (DLD or SLI vs TD) where the
typically developing controls and the children in the clinical sample
were of the same chronological age.

Participants: monolingual children (age < 18) with a diagnosis of
DLD or SLI, and no history of sensory impairments, brain injuries,
severe deprivation or neglect, and comorbidity with autism spectrum
disorder or profound learning disability (IQ < 70). Studies testing
cildren with a language impairment that did not meet the criteria for
DLD as described by Bishop et al. (2017) were excluded. Studies
involving bilingual children were excluded as limited familiarity
with the phonological sequences of the targets may affect partici-
pants’ ability to learn new words (Storkel, 2001). This suggests that
linguistic experience could act as a confounding factor, particularly if
the targets were developed based on the phonological rules of the
language of which participants had limited exposure. However,
studies that focused on bilingual children were included if there was
also a monolingual group for which the data was available
separately.

Measures: The ability to acquire new words had to be tested through
an experimental word learning paradigm. The stimuli needed to be
presented verbally, excluding the papers where the novel words were
presented in written form. Although orthographic forms may facili-
tate word learning in children with DLD, it remains unclear whether
they provide the same level of support as they do for typically
developing children (Colenbrander et al., 2019). Therefore,
including written forms could influence group differences. Since
word learning is a multifaceted process, a variety of measures can be
used to assess different aspects of the newly acquired linguistic
knowledge. Comprehension, production, recognition, and definition
of novel words were accepted as outcome measures because they all
allow the observation of children’s ability to map word forms to the
corresponding meaning. Each of these outcomes is defined in Table 1
Studies which assessed exclusively semantic (e.g., visual word

Table 1

Outcomes accepted and description
Outcome Description
measures

Comprehension The participants are asked to point the correct picture/object

upon hearing a word.

Naming The participants are presented with an object, a visual
representation or a verbal description of the target and they
need to name it

Description The participants need to describe the meaning or what the
target looks like

Recognition The participants need to judge whether the name assigned

verbally to a picture or object is correct
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association or categorization) or phonological (e.g., nonword repe-
tition task) knowledge were excluded. Different paradigms were
accepted (e.g. fast mapping, cross-situational learning) as long as
they required an association between word form and meaning.
Studies were required to have a baseline assessment that reflected
the encoding phase. A study was considered as including encoding
data if children’s performance immediately after the end of the
training was reported. Papers that explored consolidation and
reconsolidation beside encoding needed to have assessed each data
point independently. Reconsolidation data reflected children’s per-
formance after additional training, conducted at least one day after
the initial session. Consolidation data represented children’s per-
formance after a time gap (at least 24 h) from the last training phase
see Table 2 for definitions of each period.. Studies could differ in the
metric used to quantify children’s performance (e.g., percentage of
correct words, number of correct responses) if they presented a total
score for each outcome measure.

Data: To be included in the meta-analysis the studies needed to
report the effect size or mean and standard deviation of word
learning task performance for each group (DLD vs controls). This
information was necessary to address the first research question. If
the studies described participants’ working memory level and/or
lexical knowledge, this data was extracted to answer the second
research question. Papers that did not report data on working
memory and language but met the criteria for the first research
question were included.

Language: Studies could be conducted in any language; however, the
full text of the paper needed to be available in English to be included in
the present study.

Screening

The search strategy applied to all the sources in February 2022
(Search 1) found 1410 references. Of these, 593 were excluded because
of duplicates and five were excluded because they were only citations.
The abstract and title of the remaining 833 papers were screened by two
authors independently. As not all the information necessary to define
whether each article met all the inclusion criteria were included in the
abstract, the following criteria were applied to determine inclusion at
this stage:

- A group of monolingual children diagnosed with DLD or SLI
- A control group of TD children of the same age
- An experimental task of word learning

One hundred and sixty papers met all the criteria above and qualified
for full text screening. Before each stage of the screening (titles and
abstracts, full texts) the inclusion and exclusion criteria were piloted and
amended to ensure consistency across the reviewers. The full-text
screening applied the full inclusion and exclusion criteria to each
paper to identify the final set of records eligible to answer the research
questions. At the end of each of the two stages of screening, the results
were compared and discussed until the two reviewers reached 100 %
agreement. The screening of the 160 full texts led to 72 records being

Table 2
Phases of word learning explored and description.
Phase Description
Encoding Initial phase of word learning, tested immediately after the initial
training.
Consolidation Offline mechanism allowing the transfer of new words into long
term memory, tested at least 24 h after the end of the training
Reconsolidation =~ Mechanism enabling the updating and refinement of memory

traces after retrieval, tested following additional training
occurring at least 24 h after the initial session
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identified which met all the inclusion criteria and qualified for data
extraction. However, 29 additional studies were discarded during data
extraction because the data reported was not compatible with the meta-
analysis (e.g. did not report standard deviations, or data points were not
independent), these are listed in Appendix B with relevant justifications.
Forty-three studies met all the criteria and were included in the meta-
analysis. This search was updated in April 2024 (Search 2). All the
stages outlined above were carried out with papers published between
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February 2022 and April 2024 leading to the identification of three
additional papers to be included in the meta-analysis. See Fig. 1 for
details.

Critical appraisal

The Newcastle Ottawa Scale (NOS) for case-control studies was used
to appraise the quality of the included papers (Wells et al., 2011). This

A

SEARCH 1 Records identified from reference list scanning and forward
Records identified from databases searching: citation searching (n = 21)
c PsycINFO; MEDLINE/PubMed; Web of Science; the
© || Linguistics and Language Behavior Abstracts; ProQuest
E (n=1410)
;EE v v
[} Records removed before screening:
= Duplicate records removed (n = 593)
Records removed for other reasons (n = 5)
— g 2
— Records excluded (n = 673) after title and abstract screening,

Abstract screened by two authors independently (n =833)

Full texts assessed for eligibility criteria by two authors
independently (n=160)

I Records that qualified for data extraction (n = 72)

| » Records excluded (n = 29) during the data extraction because

| Records to be included after SEARCH 1 (n= 43)

Screening

SEARCH 2 April 2024

Additional records identified from databases searching:
PsycINFO; MEDLINE/PubMed; Web of Science; the
Linguistics and Language Behavior Abstracts; ProQuest
(n=108)

with reasons
Participants age > 18 years (n = 18)
Participants not monolingual (n = 21)
Missing diagnosis of DLD (n = 385)
Study design (n = 117)
Task did not meet the criteria (n =117)
Single case studies, case study series, reviews, other (n= 13)
Source not found (n =2)

Records excluded (n = 88 ) after full text screening, with
reasons

Participants age > 18 years (n = 2)
Participants not monolingual (n = 2)
Missing diagnosis of DLD (n = 5)

Study design (n = 8)

TD and DLD group not age-matched (n=3)
Task did not meet the criteria (n = 44)
Data unavailable (n = 5)

Duplicated data (n = 8)

Full text not available in English (n= 11)

incompatibility of the data

Records removed before additional screening:

Additional abstracts screened by two authors independently
(n=74)

”| Duplicate records removed (n = 34)

Records excluded (n = 19) after title and abstract screening
with reasons

Participants not monolingual (n = 2)

Missing diagnosis of DLD (n = 25)

Additional full texts assessed for eligibility criteria by two
authors independently (n=16)

| Studies to be included after SEARCH 2 (n=3)

—

= F
.g Final records included in the meta-analysis (including Search
S || 1and2)
£ || (n=46)

—

Study design (n = 7)

Task did not meet the criteria (n =6)

Single case studies, case study series, reviews, other (n=7)
Screened before (n =10)

Duplicate (n=1)

Records excluded (n = 13) after full text screening, with
reasons

Participants not monolingual (n = 1)

Missing diagnosis of DLD (n = 2)

Study design (n = 1)

Task did not meet the criteria (n = 2)

Data unavailable (n = 2)

Duplicated data (n = 2)

Data did not fit the requirement (n =2)

Full text not available in English (n= 1)

Fig. 1. Selection. Flow chart describing studies’ selection consistent with the PRISMA statement (PRISMA, 2020).
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version of the validated scale includes eight items grouped into three
domains: ‘selection of the participants’, ‘comparability of the groups’,
and ‘outcome’. The items and scoring criteria indicated in the NOS
manual were adapted to the current metanalysis and are fully described
in Appendix C.

Studies obtaining a score between 6 and 10 points are considered to
have a high-quality design and low risk of bias, studies with scores of
between 3 and 5 are considered to be of fair quality with a moderate risk
of bias, whereas a score below 3 suggests poor quality and a high risk of
bias. The quality of the design did not constitute an exclusion criterion
for the current meta-analysis. All forty-six studies included in the meta-
analysis were appraised by two authors independently. Any differences
were discussed until full agreement was obtained for all the records.

Data extraction

The coding strategy was piloted across reviewers prior the data
extraction. One reviewer extracted the data from all the studies that met
inclusion criteria, while a second reviewer verified that the data
extracted from each study was accurate. The data was extracted
manually from each paper and added into a data frame created in
Microsoft Excel.

The mean and standard deviation of task performance by each group
were retrieved from each paper to calculate the effect sizes and compare
the results across studies. If the data for the main outcomes was not
reported in the paper, the first author was contacted via Additionally, in
papers where the relevant data was illustrated in a figure but not re-
ported in the text, group means, and standard deviations were extracted
directly from the figure using the software WebPlotDigitizer. If the data
was presented disaggregated across non-relevant variables, such as
phonotactic structure (e.g. separate scores for CV, CVC, CCVC words),
the means and standard deviations for each variable were pooled to
obtain the mean and standard deviation of the averaged data.

To analyse the effect of verbal working memory, two variables were
created according to Baddeley ‘s model of working memory (Baddeley
and Logie,1999): verbal short memory, tested by digit (or words) span
forward, and central executive tested by complex spans (e.g. digit (or
words) span backward). The Non-Word Repetition task (NWRT) was
treated as a separate variable because, although this task recruits the
working memory system, it also taps into other linguistic domains such
as perception, phonology and articulation (see Estes et al., 2007 for a
meta-analysis). Standardised test scores of expressive and receptive
vocabularies were extracted as measures of lexical knowledge. Finally,
the following task characteristics were retrieved from each study:
maximum number of syllables of the target words (word length), num-
ber of targets, number of times of exposures (exposure) to each target
and type of outcome measure (comprehension, naming, recognition,
description). The task characteristics are reported in Appendix D.

The forty-six studies from which the data were extracted are reported
and briefly described in Table 3. Outcome measures, phase of word
learning, if and how participants’ working memory and lexical knowl-
edge was assessed, and demographic characteristics of the samples are
reported for each study.

Effect size metric

The effect size metric was Cohen’s d, calculated as the difference
between TD and DLD group means divided by the pooled standard de-
viation. In all cases, a positive value indicates greater performance in the
TD relative to the DLD group.

_ X1(TD) — X,(DLD)

(n1—1)SD?+(ny—2)SD%
ny4ng—2

ds

For encoding effects, the group average performance for each outcome
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measure tested immediately after the end of the training was considered
(see Table 1). If the study involved multiple days of training, the data
from post training assessments conducted on the days following the first
session, was used to calculate the effect size for reconsolidation. In
particular for reconsolidation effects, the effect size was calculated as the
group difference obtained during after the final training period, cor-
rected by subtraction of the corresponding effect size calculated for
encoding. This was deemed to be the most relevant effect, since it re-
flected the maximal effect of reconsolidation permitted by the study
design.

When the study included a delayed post training assessment con-
ducted at least 24 h after the last training session this data was used to
calculate effect sizes for consolidation. Consolidation effects were simi-
larly calculated by adjusting the group difference during the consoli-
dation period by the corresponding encoding effect.

An a-priori decision was made to analyse the effect size outcomes in a
random effects model, due to its tolerance of heterogenous effect sizes.
Unless reported otherwise, parameter estimates were obtained via
restricted maximum likelihood estimation, owing to its superior accu-
racy given the smaller numbers of studies (Lopez-Lopez et al., 2014).
Statistical tests of model coefficients were computed via Wald-type chi
squared tests. All analyses were conducted with the ‘metafor’ package
(Viechtbauer, 2010) implemented in the R programming language.

For each analysis the number of included effects (nested within
samples) and samples (independent groups of participants, nested
within studies) were coded. Many of the samples contributed to multiple
effects, this is because in some studies, participants’ word learning was
tested by more than one outcome measure (e.g., naming and compre-
hension). In this case it would have not been possible to aggregate the
effects as they reflect different aspects of word knowledge. Thus, to
minimize this information loss and increase statistical power, conditions
were used, rather than samples as the unit of analysis in the models (k =
105). However, when samples contribute multiple effect sizes, the
assumption of independence could be violated and bias the outcome of
the meta-analysis, particularly if there is anything unrepresentative
about these samples (Matt & Cook, 2009; Rosenthal, 1991). To model
the influence of dependency on the outcomes, multi-level models were
created (see Cheung, 2014) wherein effects (level 2) were hierarchically
nested within their samples (level 3), thereby estimating random effects
at both the effect and sample level. The random effects structure used
was ‘~1 — sample_id/effect_id’. Using this approach, it was possible to
partition the heterogeneity between effect sizes into heterogeneity
occurring at level 2 (between conditions) and heterogeneity at level 3
(between samples), statistically examining whether there was a signifi-
cant amount of effect size dependency (i.e. whether a 3-level model
provides a significantly better fit than a 2-level model).

Analysis
The analysis strategy consisted of three main steps.
Global meta-analytic outcomes for word learning phases

The first phase of the analysis was a global assessment that compared
the pooled meta-analytic performances of children with DLD or SLI and
TD children in word learning tasks across studies. The aim of this
analysis was to quantify the magnitude of the difficulties in each phase
of word learning (encoding, consolidation, reconsolidation) in this
clinical population. This step also included other assessments of the
global model, including publication bias and potential outliers.

Sample-level moderators
A further analysis estimated whether the sample characteristics, in

terms of working memory and lexical knowledge, have a significant
moderating effect on word learning difficulties in DLD.
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Table 3
Demographic characteristics of the samples, tests, effect sizes of the included studies.
Paper Diagnosis  TD Age DLD Tests of Tests of Period Outcome TD DLD Effect d CI
Mean Age lexicon WM/ (n (n= n
(SD) Mean STM =)
(SD)
Adlof et al DLD 95.75 95.75 EVT, PPVT — Encoding Naming 90 53 1 0.28 [-0.06,
2021 (4.75) (4.75) 0.62]
Encoding Comprehension 90 53 2 0.34 [0, 0.69]
Encoding Description 90 53 3 0.61 [0.27, 0.96]
Encoding Recognition 90 53 4 0.43  [0.08, 0.77]
DLD + 95.75 95.75 EVT, PPVT - Encoding Naming 90 69 5 0.56 [0.24, 0.87]
DYS (4.75) (4.75)
Encoding Comprehension 90 69 6 0.88  [0.55,1.2]
Encoding Description 90 69 7 0.9 [0.57, 1.23]
Encoding Recognition 90 69 8 1.23  [0.89, 1.57]
Ahufinger et al ~ DLD 105.47 103.15 — - Encoding Comprehension 38 38 9 —0.05 [-0.5,0.4]
2021 (21.95) (21.82)
Alt 2002 SLI 58.2 57.9 - - Encoding Recognition 23 23 10 0.85 [0.25, 1.46]
(8.5) (7.7)
Alt 2011 SLI 93.95 91.25 PPVT — Encoding Naming 20 20 11 1.26 [0.58, 1.94]
(6.45) (5.5)
Encoding Recognition 20 20 12 1.34  [0.66, 2.03]
Alt et al 2004 SLI 61.4 60.5 PPVT — Encoding Recognition 26 26 13 1.06 [0.48, 1.64]
(7.8) 7.7)
Alt et al 2019 DLD + 92.82 94.61 EVT - Encoding Naming 167 44 14 1.01 [0.67, 1.36]
DYS (4.96) (5.66)
Alt & Plante SLI 58.2 (5) 57.9 - — Encoding Comprehension 23 23 15 0.85 [0.25, 1.46]
2006 (5.75)
Archibald & SLI 100.8 102(12) — AWMA Encoding Naming 27 23 16 2.39 [1.66, 3.12]
Joanisse 13.2)
2013
Barak 2019 DLD 67.17 63.15 Goralnik, — Encoding Comprehension 24 26 17 0.83 [0.25, 1.41]
(7.02) (6.53)
Benham & DLD 59 60 EVT, PPVT - Encoding Comprehension 21 21 18 -0.2 [-0.8, 0.41]
Goffman (6.24) (5.16)
2020
Bishop & Hsu SLI 106.8 103.2 ACE 6-11, Word Encoding Comprehension 20 28 19 0.93 [0.33, 1.54]
2015 (9.24) (15.84) BVSII span
Reconsolidation =~ Comprehension 20 28 20 —0.06 [0.36,1.51]
Busker 2010 SLI 69.83 75.75 — — Encoding Comprehension 23 10 21 0.83 [0.06, 1.59]
(10.5) (10.75)
Encoding Naming 23 10 22 0.25 [-0.5, 0.99]
Chen & Liu SLI 65.6 65.4 PPVT s Encoding Comprehension 33 37 23 0.49 [0.01, 0.96]
2014 (6.7) (6.5)
Chung & Yim SLI 61.9 61.4 - - Encoding Comprehension 20 10 24 1.1 [0.29, 1.91]
2020 9.1 (7.79)
Gordon et al DLD 58.78 59.33 PPVT - Encoding Naming 9 9 25 0.81 [-0.15,
2021 (9.05) (8.25) 1.77]
Consolidation Naming 9 9 26 0.19  [-9.12,1.73]
Reconsolidation ~ Naming 9 9 27 —0.32 [-0.12,1.74]
Consolidation Naming 9 9 28 -0.38 [-0.13,1.74]
Gray 2003 SLI 55.2 (6) 54.36 EVT, PPVT - Encoding Comprehension 30 30 29 0.29 [-0.22, 0.8]
(6.12)
Encoding Naming 30 30 30 0.31 [-0.2, 0.82]
Reconsolidation =~ Comprehension 30 30 31 1.14 [-0.26,0.83]
Reconsolidation ~ Naming 30 30 32 1.27 [-0.25,0.86]
Gray 2004 SLI 58.55 57.85 PPVT — Encoding Comprehension 20 20 33 0.81 [0.16, 1.45]
(7.08) (6.85)
Encoding Naming 20 20 34 —0.45 [-1.08,
0.17]
Gray 2006 SLI 42.67 43.33 PPVT - Encoding Comprehension 15 15 35 0.11 [-0.6, 0.83]
(2.35) (3.09)
Encoding Naming 15 15 36 0.77  [0.02, 1.51]
Gray & SLI 54.76 56.67 EVT, PPVT - Encoding Comprehension 42 42 37 2.75 [2.16, 3.35]
Brinkley (5.24) (6.07)
2011
Encoding Naming 42 42 38 0.55 [0.12, 0.99]
Gray et al 2012 SLI 55.95 56.58 EVT, PPVT - Encoding Comprehension 39 40 39 0.01 [-0.43,
(4.43) (5.02) 0.45]
Reconsolidation Comprehension 39 40 40 0.4 [-0.2,0.69]
Encoding Naming 39 40 41 0.65 [-1.1, —0.2]
Reconsolidation ~ Naming 39 40 42 1.65 [-1.16,-
0.14]
Gray et al. SLI 55.89 56.96 EVT, PPVT Encoding Naming 44 48 43 0.22 [-0.19,
2014 (6.08) (5.77) 0.63]
Reconsolidation ~ Naming 44 48 44 0.19  [-0.19,0.63]

(continued on next page)
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Table 3 (continued)

Paper Diagnosis  TD Age DLD Tests of Tests of Period Outcome TD DLD Effect d CI
Mean Age lexicon WM/ (n (n= n
(SD) Mean STM =)
(SD)
Gul et al 2023 DLD 129.27 125.5 - — Encoding Comprehension 15 14 45 0.94 [0.17, 1.71]
(15) (19.27)
Haebig et al SLI 124.56 123.36 PPVT - Encoding Comprehension 26 23 46 0.64 [0.07, 1.22]
2017 (15.36) (14.16)
Hansson et al SLI 126 120 PPVT NWRT Encoding Naming 38 27 47 0.8 [0.29, 1.31]
2004 (8.75) (8.5)
Horohov & SLI 71.72 74.77 PPVT — Encoding Comprehension 18 18 48 1.02 [0.33, 1.72]
Oetting 2004 (4.59) (5.99)
Jackson et al SLI 65.92 64.39 PPVT, NWRT Encoding Naming 26 23 49 2.51 [1.76, 3.26]
2016 (2.98) 4.1 CELF-core
Jackson et al DLD 82.04 83.54 CELF-core DSF, Encoding Naming 54 50 50 1.46 [1.02, 1.89]
2021 (7.56) (7.59) DSB,
NWRT
Reconsolidation ~ Naming 54 50 51 -0.23 [1.07,1.84]
Consolidation Naming 54 50 52 -1.36 [1.03,1.88]
Encoding Comprehension 54 50 53 0.5 [0.11, 0.89]
Reconsolidation =~ Comprehension 54 50 54 -0.17 [0.11,0.88]
Consolidation Comprehension 54 50 55 —0.13  [0.11.0.88]
Encoding Description 54 50 56 0.75 [0.35, 1.15]
Reconsolidation Description 54 50 57 0.09 [0.36,1.13]
Encoding Recognition 54 50 58 1.5 [1.06, 1.93]
Reconsolidation ~ Recognition 54 50 59 0.02 [1.11,1.88]
Consolidation Recognition 54 50 60 0.03 [1.11,
1.88]]
Johnson & de LI 73.65a 76.39a - — Encoding Comprehension 78 33 61 1.46 [1.01, 1.91]
Villiers 2009 (17.18) (18.43)
Kapa & DLD 59.61 59.44 PPVT DSF, DSB Encoding Naming 41 41 62 0.7 [0.25, 1.14]
Erikson (5.38) (5.22)
2020
Reconsolidation ~ Naming 41 41 63 0.26 [0.26,1.13]
Encoding Comprehension 41 41 64 1.1 [0.64, 1.57]
Reconsolidation =~ Comprehension 41 41 65 0.01 [0.67,1.53]
Encoding Recognition 41 41 66 0.73 [0.28, 1.18]
Reconsolidation Recognition 41 41 67 0.15 [0.3,1.16]
Malins et al DLD + 110.4 115.2 PPVT — Encoding Comprehension 25 34 68 0.75 [0.21, 1.28]
2021 Reading (7.2) (8.4)
diff
Reconsolidation ~ Comprehension 25 34 69 —0.12 [0.23,1.26]
Matrat et al DLD 79.3 80.1 EVALO - Encoding Naming 23 9 70 1.79 [0.9, 2.67]
2023 (18) 15.7)
Encoding Description 23 9 71 0.6 [-0.19,
1.38]
McGregor et al DLD 86.59 86.68 NIH - Encoding Recognition 44 28 72 0.85 [0.35, 1.34]
2022 (4.63) (6.2)
Encoding Comprehension 44 28 73 0.57 [0.08, 1.05]
McKean et al. DLD 51.68 55.42 EOWPVT, - Encoding Comprehension 38 12 74 0.74 [0.07, 1.4]
2014 (7.33) (15.26) ROWPVT
Moav-Scheff et SLI 62 (7) 70 (8) TEV Syllable Encoding Comprehension 54 30 75 0.88 [0.41, 1.34]
al 2015 span
Encoding Recognition 54 30 76 0.59 [0.14, 1.05]
Nash & SLI 83.62 83.94 BPVS - Encoding Naming 16 16 77 1.74 [0.93, 2.56]
Donaldson (13.62) 13.7)
2005
(implicit
task)
Reconsolidation ~ Naming 16 16 78 1.03 [1.01,2.48]
Nash & SLI 83.62 83.94 Encoding Naming 16 16 79 1.54  [0.75, 2.32]
Donaldson (13.62) (13.7)
2005
(explicit
task)
Reconsolidation ~ Naming 16 16 80 0.71 [0.82,2.25]
Nash & SLI 83.62 83.94 Encoding Recognition 16 16 81 2.33 [1.44, 3.23]
Donaldson (13.62) (13.7)
2005
(implicit
task)
Reconsolidation ~ Recognition 16 16 82 -1.83 [1.51,3.16]
Nash & Encoding Recognition 16 16 83 2.39 [1.48, 3.3]
Donaldson
2005
(explicit
task)

(continued on next page)
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Paper Diagnosis  TD Age DLD Tests of Tests of Period Outcome TD DLD Effect d CI
Mean Age lexicon WM/ (n (n= n
(SD) Mean STM =) )
(SD)
Reconsolidation ~ Recognition 16 16 84 —0.58 [1.68,3.1]
Oetting 1999 75.5 77.15 Encoding Comprehension 20 20 85 1.26 [0.58, 1.94]
(5.75) (7.51)
Pomper et al DLD 86.6 86.81 PPVT DSB, Encoding Comprehension 36 45 86 0.59 [0.14, 1.03]
2022 (4.58) (5.64) NWRT
(explicit
task)
Pomper et al DLD 86.6 86.81 Encoding Comprehension 36 45 87 0.52 [0.08, 0.97]
2022 (4.58) (5.64)
(implicit
task)
Pomper et al DLD 86.6 86.81 Encoding Recognition 36 45 88 2.25 [1.69, 2.8]
2022 (4.58) (5.64)
(explicit
task)
Pomper et al DLD 86.6 86.81 Encoding Recognition 36 45 89 0.55 [0.11, 1]
2022 (4.58) (5.64)
(implicit
task)
Pomper et al DLD 86.6 86.81 Consolidation Recognition 36 45 90 0.38 [1.8, 2.69]
2022 (4.58) (5.64)
(explicit
task)
Pomper et al DLD 86.6 86.81 Consolidation Recognition 36 45 91 0.32 [0.11, 0.99]
2022 (4.58) (5.64)
(implicit
task)
Rice et al 2000  SLI 60.91 59.85 PPVT — Encoding Comprehension 22 20 92 0.29 [-0.32, 0.9]
(3.82) 4.4)
Ricketts et al SLI 136.48 135.72 — - Encoding Comprehension 27 27 93 0.32 [-0.22,
2015 (20.4) (20.28) 0.86]
Rohlfing et al SLI 41.3 39.7 - - Encoding Comprehension 8 8 94 1.46  [0.36, 2.56]
2018 (3.6) (3.5)
Consolidation Comprehension 8 8 95 -0.83 [0.44, 2.48]
Southwood & SLI 82 (19) 82 (19) - — Encoding Comprehension 253 36 96 0.45 [0.1, 0.8]
White 2021
Thomas 2013 SLI + CAS 117(30) 126(22) — - Encoding Comprehension 9 9 97 1.07  [0.08, 2.06]
Weismer & SLI 70.6 71.6 PPVT — Encoding Comprehension 8 8 98 0.74 [-0.27,
Hesketh 4.7) 4.7) 1.75]
1993
Encoding Naming 8 8 99 0.97  [-0.07,
2.01]
Weismer & SLI 86 (13) 86 (12) PPVT - Encoding Comprehension 16 16 100 0.71 [0, 1.43]
Hesketh
1996
Encoding Naming 16 16 101 1.12 [0.37, 1.86]
Encoding Recognition 16 16 102 0.11 [-0.58,
0.81]
Weismer and SLI 96 (12) 98 (11) PPVT — Encoding Comprehension 20 20 103 0.82 [0.18, 1.47]
Hesketh
1998
Encoding Naming 20 20 104 0.79 [0.15, 1.44]
Yim & Yang VD 70.43 67.27 - - Encoding Comprehension 35 15 105 0.69  [0.07,1.31]
2021 (8.85) (10.15)

AWMA = Automated Working Memory Assessment, BPVS = British Picture Vocabulary Scale, CAS = Childhood Apraxia of Speech, DLD = Developmental language disorder, DSB =
Digit span Backward, DSF = Digit span forward, DYS = Dyslexia, EOWPVT = Expressive One Word Picture Vocabulary Test, EVALO = French Battery for the Evaluation of Language,
EVT = Expressive Vocabulary Test, LI = Language Impairment, NIH = the vocabulary subtest from the NIH Toolbox, NWRT = Non Word Repetition Task, PPVT = Peabody Picture
Vocabulary Test, PRES = Preschool. eceptive-Expressive Language Scale, ROWPVT = Receptive One Word Picture Vocabulary Test, SLI = Specific Language Impairment, STM =
Short term memory, TEV = Tavor Expressive Vocabulary Test, VD = Vocabulary Delay, WMI = Working Memory Impairment. * Global mean calculated from partial means in

paper,.” Only reported for one group

Task-level moderators

A separate analysis evaluated whether the difference between TD
and DLD (or SLI) depended on the following characteristics of the
experimental word learning paradigm: word length (in syllables),
number of targets, level of exposure, outcome measure (comprehension,
production, definition, recognition).

Moderator analyses

Our analysis of moderators followed different stages and proceeded

as follows:

First pass phase

Given the low number of studies with complete cases for all mod-
erators, attempting to evaluate all candidate moderators within a single
model entailed a low number of observations per coefficient. Therefore,
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in the initial ‘first pass’ phase, a series of independent ‘single moderator’
models that contained each one of the moderators individually were
fitted. This phase determined a subset of potentially explanatory vari-
ables for further exploration. Statistical tests of model coefficients were
computed via likelihood ratio tests, comparing a model including the
moderator to an empty (intercept only) model, using maximum likeli-
hood estimation.

‘Model comparison’ phase

To test multiple combinations of moderators, the following strategies
were employed.

If the number of effects with complete cases exceeded 75 %, auto-
mated model selection was employed and all combinations of models
were fitted to these complete-case effects, comparing them on the basis
of Akaike’s information criterion (AIC). This was the case of task-level
moderators because most of the studies reported basic details of the
paradigm. The reasoning behind this approach was that the model with
the lowest AIC provides the optimal fit to most of the data, taking into
account the wider population of models. This information-theoretic
approach (Burnham & Anderson, 2002) allowed the determination of
the ‘importance’ of each coefficient on the basis of their summed Akaike
weights across the population of models. This approach, implemented in
the ‘MuMin’ R package (Barton, 2020), depends on repeated evaluations
of a ‘full model’ formula that includes all moderators. For the sample-
level moderators, the information reported varied significantly across
studies on account of the heterogenous sample characteristics recorded.
This meant that the distribution of moderators was sparse and there
were very few complete cases. Therefore, the approach taken was to
proceed via forward selection and examine the impact of adding addi-
tional moderators to the best-fitting single moderator model identified
in the first pass phase. This choice was justified by the fact that the
automated strategy would have resulted in fitting and comparing
models based on small and unrepresentative subsets of effects.

Results
Critical Appraisal

Quality appraisal indicated a high-quality design with low risk of
bias in 59 % (n = 27) of the studies (NOS score 10-6), 47 % (n = 17) had
a fair quality with moderate risk of bias, and only 4 % (n = 2) were of
poor quality with high risk of bias. Overall the studies showed a high
degree of bias in the representativeness of cases with DLD, as the sample
of children with DLD did not represent all the possible eligible cases in a
community in any of the studies, even if often they were recruited within
the same community. Only twelve studies recruited children with DLD
and typically developing controls from the same community, while 74 %
(n = 34) of themrecruited children from different schools or services in
broad geographic areas. The majority of studies defined precise criteria
for DLD (91 %, n = 42) and reported the scores of standardised non-
verbal IQ and language tests for TD (87 %, n = 40).

Eighteen papers compared the mean age of the two groups without
matching the participants systematically, eight of them matched chil-
dren with DLD and TD controls on chronological age, while 20 matched
the two groups on an additional characteristic beside age.

In terms of outcome, 100 % of the studies used the same task and
outcome measures to test word learning in children with DLD and TD;
however only six papers (13 %)reported the response rate of the two
groups.

The NOS score obtained for each study is reported in Appendix C.

Meta-analysis of encoding

Effect size of encoding
All 46 studies included data on encoding yielding 78 effect sizes from

10
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57 independent samples. The overall sample sizes were 1462 children
for the DLD group and 2161children for the control group of typically
developing peers. Analysis of Cook’s distances highlighted one influ-
ential case as potential outlier.

The random effect model indicated a large effect size for encoding (k
=78, d = 0.82, [0.66, 0.98], p < .001) confirming that children with
DLD encode fewer words than typically developing peers, as observed in
Fig. 2A. Framed in terms of the probability of superiority (Ruscio, 2008),
this implies that a randomly sampled individual from the TD population
has a 72 % chance of having higher encoding performance than a
randomly sampled individual from the DLD group. Further inspection
revealed no coding errors, and since the effect for encoding was still
significant after the outlier was removed (k =77, d = 0.79, [0.63, 0.94],
p < .001), they were considered non influential and retained in the
analysis.

The studies were highly heterogeneous (Q (78) = 346.09, p < .001)
and the 12 statistics indicated that this heterogeneity accounted for 81 %
of the total variance. The heterogeneity between samples was estimated
to explain 49 % of the total variance; however, the heterogeneity within
samples accounted for 32 % of the total variance. The 3- level random
effect model had a superior fit to the 2-level model, justifying the nested
model specification (LRT = 4.54, p = .03).

Publication bias: Encoding

An association between effect size and sampling variance was
detected via both the rank sum test (Kendall’s tau = 0.24, p = .002) and
Egger’s Regression Test (z = 3.31, p < .001), consistent with the possible
presence of publication bias. However, Fail-Safe N calculation indicated
that 2495 additional studies with null results would be needed to reduce
the overall effect size to non-significance (p > .05). This suggests that
the observed effects are relatively robust. The funnel plot is represented
in Fig. 2B.

Moderator analysis of participants characteristics: First pass

Having established a significant effect for encoding during the first
phase of the analysis, the next step of the analysis focused on whether
participants’ working memory and/or lexical knowledge moderated the
differences in the ability to encode new words between children with
DLD and TD children. The only component of the working memory
system included in the moderator analysis was Verbal Short-Term
Memory (VSTM) as the number of studies that tested the participants’
Central Executive component of working memory was not sufficient (n
= 2). Frequencies and co-occurrences of these moderator variables are
shown below in Table 4.

For VSTM, NWRT, receptive, and expressive vocabulary, effect sizes
were calculated that reflected the group difference between these scores.
A series of random effect models were then run with a single moderator
corresponding to one and each of these variables. The effect sizes for
VSTM had an effect on the effect sizes for encoding (k = 15, § = 1.41,
[0.56, 2.25] p = .001) suggesting that lower performance in encoding
new words in children with DLD was associated with lower VSTM levels
(Fig. 2C). Furthermore, an effect of participants ‘receptive vocabulary
was detected on encoding (k = 55, p = 0.28, [0.03, 0.53], p = 0.03),
while expressive vocabulary (k = 25, p = 0.18, [- 0.22, 0.59], p = 0.37)
and NWRT (k = 22, p = 0.02, [- 0.33, 0.37], p = 0.9) did not have an
effect.

Moderator analysis of sample characteristics: Model comparison

The first pass phase of the moderator analysis highlighted VSTM and
receptive vocabulary as potential moderators. To determine which of
these characteristics had the most significant impact on encoding, it was
necessary to compare the models and identify the one with the best fit to
the data.

The tendency of different papers to report different sample
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Fig. 2. Meta-analysis of encoding. (A) Forest plot of effects for the encoding phase: error bars are 95 % confidence intervals (CI). Dotted white line is the pooled
summary effect, blue region is the 95 % CI. (B) Funnel plot for encoding. Dotted line is the pooled effect size. Solid lines represent p values (From central, vertical line
outward: 1,.05,.01,.001,.0001,.00001,.000001). (C) Relationship between effect sizes of encoding and Verbal Short Term Memory (VSTM). Size of points is inversely
proportional to the standard error of the effect (larger = more precise). Shaded region represents the 95 % confidence intervals of the values estimated by the rando
effect model with VSTM as only predictor. (D) Relationship between the length of the words (syllables) and effect sizes for encoding. Size of points is inversely
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Table 4
Frequencies and co-occurrences of data available for participants characteristics.
Variable Number of
effects
Receptive vocabulary 55
Expressive vocabulary 25
Non word repetition task 22
Verbal short term memory 15
Receptive vocabulary X Non word repetition task 18
Receptive vocabulary X Expressive vocabulary 19

Receptive vocabulary X Verbal short term memory 8

Expressive vocabulary X Non word repetition task 5

Expressive vocabulary X Verbal short term memory 3

Verbal short term memory X Non word repetition task 9

Receptive vocabulary X Verbal short term memory X Non word 5
repetition task

Receptive vocabulary X Expressive vocabulary X Non word 5
repetition task
Receptive vocabulary X Expressive vocabulary X Verbal short 1

term memory

Expressive vocabulary X Non word repetition task X Verbal short 1
term memory

Expressive vocabulary X Non word repetition task X Non word 1
repetition task X Verbal short term memory

characteristics led to a very sparse distribution of these moderators (see
Table 3), meaning that it was not possible to perform automated model
selection based on AIC. Accordingly, the analysis proceeded via forward
selection. This approach involved first selecting the model with the most
promising moderator identified during the initial phase, which was
VSTM (k = 15), and subsequently adding the other potential moderator,
which was the receptive vocabulary (k = 55). The aim was to observe
whether adding the further moderator the model fit improved. The full
model estimated the effect of both VSM and receptive vocabulary on
encoding in the subset of data which included information on both these
participants’ characteristics.

The full model did not improve the models with VSTM and receptive
vocabulary included as single predictors (LRT = 0.94, p = .33), therefore
it was not possible to establish which of these two moderators was more
relevant. This might be the result of the limited number of effect sizes (n
= 8) considered in this more complex model, as only four studies re-
ported information of both participants’ receptive vocabulary and short-
term memory.

Moderator analysis: First pass, task characteristics

After exploring the potential impact of participants profiles on the
encoding of new words, the analysis focused on whether the difference
in encoding between groups was moderated by the characteristics of the
experimental task used in each study. The variables considered were the
outcome measure (naming, comprehension, recognition or description),
the number of targets, the maximum length of the words in syllables,
and the times of exposure to the target. Table 5 describes the frequencies
and co-occurrences of these moderator variables. The variable ‘Number
of words’ and ‘Outcome measure’ were present for all the effect sizes
therefore the combinations for these variables are not reported.

Table 5

Frequencies and co-occurrences of data available for task characteristics.
Variable Number of

effects

Outcome measure 78
Number of words 78
Maximum length of the words (Syllables) 74
Exposure to the targets (Times) 70
Exposure to the targets X Maximum length of the words 66
Number of words X Maximum length of the words X Exposureto 66

the targets
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The effect of each variable was firstly explored individually by a
series of models with each task characteristic as single moderator. The
number of words taught in the task (k = 78, § = 0.02, [- 0.02, 0.05], p =
.39) and the number of times of exposure to the target (k = 78, p =
-0.005, [- 0.02, 0.005], p = .32), did not contribute to highlight a dif-
ference in encoding between TD children and children with DLD in the
present dataset. None of the outcome measures used had an effect on
encoding: Description (k = 78, p =- 0.02, [-0.58, 0.53], p = .93), Naming
(k =78, p=0.05, [- 0.25, 0.35], p = .76), Recognition (k = 78, § = 0.3,
[-0.04, 0.65], p = .09). The maximum length of the words was the only
one of the task characteristics explored with an effect on encoding (k =
78, p = 0.23, [0.05, 0.41], p = .01).

Moderator analysis: Model comparison, task characteristics

The first pass phase of the moderator analysis exploring the effect of
the task characteristics on encoding pointed to maximum word length as
potential moderator. The model comparison was necessary to further
understand the importance and contribution of the task characteristics
on encoding.

Sixty-six (84.6 %) effects had complete cases for all task-related
moderators. As such, it was possible to consider only those effects
with complete cases and perform automated model selection of all 167
possible models based on AIC. The importance of all model terms, as
defined by summed Akaike weights, is illustrated below in Fig. 2E.

The optimal model, identified by the automated model selection
according to AIC, included just the maximum length of the words as the
moderator. This model confirmed an effect of word length on encoding
(k = 66, p = 0.23, [0.05,0.4], p = .01). This result suggests that diffi-
culties in encoding new words in children with DLD are particularly
evident when the assessment task involves longer words. The relation-
ship between the length of the targets and the difference in word
encoding ability in the two groups is represented in Fig. 2D.

Meta-analysis of consolidation

Effect size of consolidation

The meta-analysis for consolidation included 8 effect sizes across 4
studies. The sample sizes were 107 and 112 children for the typically
developing and DLD groups respectively. Consolidation was measured
by subtracting the score obtained for encoding, which represented the
baseline, from the score obtained by each group at the assessment of
consolidation. In this way it was possible to rule out that potential dif-
ference in the rate of consolidation would depend on gaps during the
initial encoding of words.

The random effect model did not detect a significant effect of
consolidation (k = 8, d = — 0.2, [-0.68,0.29] p = .43), showing that, in
the studies included, children with DLD consolidate the same proportion
of words as children with typical development (Fig. 3A). The length of
the gap from the last training session did not have an impact on the effect
sizes for consolidation (p = .98). There was a high heterogeneity in the
data for consolidation (Q(7) = 44.02p < .001); however, ANOVA
showed that the three-level model including the random effect of the
effects size did not have a better fit than the two-level model (LRT =
0.05, p = .83).

Publication bias of consolidation

The rank-correlation (Kendall’s tau = — 0.21, p = .55) and Egger’s
Regression (z =- 0.38; p =.7) tests for asymmetry of the funnel plot were
not significant.

Meta-analysis of reconsolidation
Effect size of reconsolidation

Nine studies tested reconsolidation of words during word learning.
Overall, the meta-analysis of reconsolidation included 19 effect sizes
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Fig. 3. Meta-analysis of consolidation and retention. Forest plot of effects for the consolidation (A) and reconsolidation (B) phases: error bars are 95% confidence
intervals (CI). Dotted white line is the pooled summary effect, blue region is the 95% CI.

and compared 278 children with typical development to 296 children
with DLD taken from 9 independent samples.

Consistent with the approach followed for consolidation, reconsoli-
dation was measured by subtracting the score obtained at the end of the
first day of training, which represents encoding, from the score on the
last day of training. This provided a measure of reconsolidation that only
reflected the learning pattern during the additional days of training,
without being influenced by the baseline.
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The effect of reconsolidation estimated by the random effect model
was not significant (k = 19, d = 0.23, [- 0.14, 0.59], p = .22) (Fig. 3B)
and the number of days of training did not have an effect on the ability to
reconsolidate words in the two groups (p = .65). There was a high
heterogeneity in the data (Q(18) = 106.05, p < .0001); however,
ANOVA showed that the three-level model including the random effect
of the effects size did not have a better fit than the two-level model (LRT
= 0.3, p =.58).
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These results confirmed that children with DLD and TD included in
the dataset did not differ in their ability to reconsolidate words across
multiple days of training regardless of the number of days of training.

Publication bias of reconsolidation

The rank-correlation test (Kendall’s tau = 0.11, p = .53) and Egger’s
Regression Test (z =- 0.78; p = .44) for the funnel plot asymmetry were
not significant.

Discussion

The current meta-analysis synthesised the existing evidence on word
learning in children with DLD in terms of encoding, consolidation and
reconsolidation, associations with lexical knowledge and working
memory and task characteristics. The first aim was to identify which
stage of word learning is less effective in children with DLD compared to
TD age-matched peers. The results identified encoding as the most
critical challenge during word learning in children with DLD. These
findings support the hypothesis that poor encoding abilities act as
bottleneck preventing later consolidation and reconsolidation of words
in this population (Bishop and Hsu, 2015; Gordon et al., 2021; Jackson
etal., 2021). A large number of effect sizes were calculated for encoding
(k = 78), and therefore, while acknowledging the possible presence of
publication bias, the evidence of poor word encoding can be considered
robust.

The meta-analysis of encoding not only confirmed the extent of the
difficulty in children with DLD but also clarified the processes contrib-
uting to this difficulty. Verbal short-term memory was a significant
predictor of encoding in the studies that included this information (k =
15). This means that the greater the difference in verbal short-term
memory between groups, the larger the gap in their ability to encode
new words. The findings argue in favour of the importance of verbal
short-term money for effective encoding of new word and strengthen the
evidence for the impact that short term memory difficulties might have
for language learning in children with DLD (Archibald, 2018). Receptive
vocabulary also moderated encoding in the studies that reported this
information (k = 55). A smaller vocabulary leads to weaker mental
representations, making it harder to process new words effectively
(Archibald, 2018). This explains why greater vocabulary gaps between
TD children and those with DLD result in more pronounced differences
in their ability to encode new words.

It has been suggested that the verbal working memory system, of
which verbal short term memory is a subcomponent, plays a greater role
in early word learning than lexical knowledge. (Gray et al., 2022).
However, due to the limited data on participant characteristics, it was
not possible to compare the relative contributions of short-term memory
and vocabulary knowledge to word encoding in children with typical
development and those with DLD. This meta-analysis indicates that both
verbal short-term memory and previously stored lexical knowledge are
essential for encoding new words in children with DLD. However, the
findings are insufficient to determine which aspect of their cognitive
profile (verbal short-term memory or lexical knowledge) plays the
dominant role. Still, given the well-documented challenges these chil-
dren face with both working memory and lexical knowledge, examining
how these processes influence word encoding offers further evidence
that encoding is likely the most difficult stage of word learning for this
population.

In contrast, consolidation and reconsolidation appeared to be rela-
tively intact, in line with the literature reviewed in the Introduction.
Although more research is needed to better understand the mechanisms
of offline consolidation of new words in typically developing children
and those with DLD (Henderson et al., 2013; Lukacs et al., 2017), the
studies included in this analysis suggest comparable consolidation
abilities between the two groups. This finding supports the view that
declarative memory may be a relative strength in children with DLD.
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However, this conclusion should be interpreted with caution, as it is
based on a limited number of effect sizes. For instance, in a study
examining word consolidation over time (Gordon et al., 2021), partici-
pants underwent a retrieval-based training protocol, which has shown to
enhance word consolidation (Haebig et al., 2019). Consequently, the
lack of of group differences in this case may have been influenced by the
highly supportive nature of the training procedure.

Further research is needed to better understand not only whether
children with DLD experience difficulties with consolidation of words,
but also how factors such as the nature of the learning targets and the
training schedule may influence outcomes. For example, one factor that
was not explored in the present meta-analysis was the impact of type of
training. Analysis of differences across incidental tasks, retrieval-based
practice, fast mapping, and cross-situational learning at different
stages might provide further clarification on the possible dissociation
between procedural and declarative memory in children with DLD.

Reconsolidation also appeared to be a relative strength in the sample
included in this meta-analysis. It seems that once information is enco-
ded, children with DLD are able to retrieve and update it successfully.
During reconsolidation, memories are susceptible to modification and
updating upon retrieval which can be triggered either by active recall or
by further exposure to the target. Unlike initial encoding, reconsolida-
tion does not require the acquisition of entirely new linguistic infor-
mation but rather the updating of previously encoded and consolidated
material. Therefore, it is plausible that children with DLD might expe-
rience difficulties in encoding but not in consolidation. Additionally, like
consolidation, reconsolidation relies on the declarative memory system.
The idea that reconsolidation may be a relative strength is further sup-
ported by evidence suggesting that retrieval practice can enhance word
learning in children with DLD. If the retrieval and updating processes
underlying reconsolidation were inefficient in these children, they
would be unlikely to benefit from retrieval practice.

In terms of tasks characteristics, this meta-analysis pointed to word
length as the most important task characteristic for the encoding of new
words, in line with previous studies, suggesting that children with DLD
have difficulties with longer words (Jackson et al., 2019; Jackson et al.,
2021). The moderator analysis found a larger discrepancy in encoding
between TD children and age-matched children with DLD in studies that
used longer targets. This finding further strengthens the evidence for the
contribution of verbal short-term memory in word encoding. Long
words require processing and temporary storage of a longer sequences of
sounds, therefore specific difficulties with longer items might reflect a
limited capacity in the serial storage of verbal information. Surprisingly,
the analysis did not detect an effect of exposure. Previous studies have
suggested that children with DLD need to be exposed to the target word
a greater number of times than TD children to effectively encode new
words (Gray, 2003). Therefore, it was expected that the difference be-
tween groups would have been more significant when the task involved
limited exposure to the target. Nevertheless, many of the studies
included used a fast-mapping paradigm that relies on a single exposure
to each target, which might have had an impact on the estimation of the
effect of exposure on encoding.

Overall, the findings from this meta-analysis provide important in-
sights into the nature of word learning, which are crucial for informing
future research, as well as clinical and educational practice. Under-
standing the specific stages where children with DLD encounter diffi-
culties in learning new words allows clinicians and teachers to
implement evidence-based strategies grounded in a theoretical under-
standing of the children’s profiles of strengths and weaknesses.

Based on these results teachers and clinicians should focus on the
encoding phase of word learning, applying facilitating strategies and
creating supportive learning environments. For example, using shorter
and simpler words when explaining new topics, providing repeated
opportunities for retrieval, practice and exposure, and giving direct in-
struction could enhance encoding (Leonard et al., 2019; Storkel et al.,
2017; Pomper et al., 2022). Direct instruction not only helps focus the
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child’s attention but also makes the learning process more explicit.
Additionally, the assumption that consolidation and reconsolidation are
preserved mechanisms of word learning in DLD also has significant
implications for clinical practice. This perspective suggests that repeated
training sessions could be beneficial because reconsolidation may serve
as a compensatory process for initial encoding. Ineffective encoding
might lead to inaccurate representations, which can be then consoli-
dated. Reconsolidation through further training may offer an opportu-
nity to correct the inaccurate representations of words (Storkel et al.,
2019).

Furthermore, the meta-analysis highlighted that individual differ-
ences in children’s vocabulary knowledge and short-term memory are
related to their word learning success. Therefore, when planning in-
terventions, it is important to take into account each child’s unique
strengths in these areas. Finally, although this meta-analysis did not find
a significant effect of the type of outcome measure, and therefore did not
point to specific difficulties with phonological form, semantic repre-
sentation, or the form-referent link, it remains important to recognize
that children may require support in developing one or more of these
aspects of lexical knowledge during the word encoding process.

Limitations

The limited data available on consolidation and reconsolidation a
limitation for the robustness of our results regarding these stages of word
learning. The fact that the analysis did not observe a difference in the
ability to consolidate words over time between children with TD and
DLD might reflect the small number of studies that explored these stages,
and the specific methodologies employed. Therefore, general conclu-
sions on the consolidation and reconsolidation of new words in DLD
should not be drawn. Nonetheless, despite being based on limited data,
the findings synthetised in the current paper are in line with a series of
studies conducted by McGregor, which tested both encoding and
consolidation of words in adults with DLD (McGregor et al., 2013, 2017,
2020).

This meta-analysis not only synthesised evidence on word learning
difficulties in children with DLD but also exposed critical gaps in the
literature. The findings revealed a stark imbalance between studies
examining the initial encoding of new words and those investigating
how children with DLD consolidate and reconsolidate over time. To
advance understanding, future research must focus on better under-
standing of the ability to consolidate words over time in children with
DLD. Moreover, future meta-analyses on the topic should incorporate
studies involving adults to provide a more comprehensive understand-
ing of word learning in DLD across the lifespan.

A further limitation was the high variability in the linguistic and
cognitive aspects of the samples reported across studies. Only a few
studies tested both participants’ working memory and vocabulary,
hence the moderator analysis estimated the effect of each variable on
encoding on different samples of participants, making it impossible to
have a comparison between moderators. In addition, it was only possible
to observe the verbal short-term memory and not the central executive
component of working memory given the restricted number of studies
that tested the latter. Therefore, we are unable to draw more general
conclusions on the whole working memory system. Future research
exploring the role of working memory in language learning should refer
to the models of working memory and use different tasks to assess
different components of the system.

In addition, the present study did not account for the type of training
and instructions received by participants. These factors may influence
the gap between children with DLD and their typically developing peers.
They are also relevant to broader theoretical frameworks, such as the
procedural/declarative deficit hypothesis. Therefore, the omission of
this parameter is acknowledged as a limitation and future studies should
consider this important factor to better understand its potential impact.

Finally, studies involving bilingual children were not included in this
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meta-analysis. While this decision was justified, future research could
broaden the sample by including studies on bilingual populations,
carefully controlling for factors such as the amount of linguistic input
received in each language and the characteristics of the target words.

Conclusions

This meta-analysis confirmed word encoding difficulties in children
with DLD and provided evidence suggesting that children with DLD
consolidate and reconsolidate new words as successfully as typically
developing children. The present findings also provide important in-
sights into the potential contribution of working memory in the acqui-
sition of new words for children with DLD: when reported, participants’
verbal short-term memory mediated their encoding difficulties. This
finding has implications for clinical and educational practice for chil-
dren with DLD. The results also highlighted gaps in the existing
knowledge and literature on this topic thus providing a new direction for
future research which should consider all the components of the work-
ing memory system and explore word learning beyond fast mapping.
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