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Abstract

Although attention and early associative learning in preverbal children is predominantly driven by rapid eye-movements
in response to moving visual stimuli and sounds/words (e.g., associating the word “bottle” with the object), the literature
examining the role of visual attention and memory in ongoing vocabulary development across childhood is limited. Thus,
this systematic review and meta-analysis examined the association between visual memory and vocabulary development,
including moderators such as age and task selection, in neurotypical children aged 2-to-12 years, from the brain-based per-
spective of cognitive neuroscience. Visual memory tasks were classified according to the visual characteristics of the stimuli
and the neural networks known to preferentially process such information, including consideration of the distinction between
the ventral visual stream (processing more static visuo-perceptual details, such as form or colour) and the more dynamic
dorsal visual stream (processing spatial temporal action-driven information). Final classifications included spatio-temporal
span tasks, visuo-perceptual or spatial concurrent array tasks, and executive judgment tasks. Visuo-perceptual concurrent
array tasks, reliant on ventral stream processing, were moderately associated with vocabulary, while tasks measuring spatio-
temporal spans, associated with dorsal stream processing, and executive judgment tasks (central executive), showed only weak
correlations with vocabulary. These findings have important implications for health professionals and researchers interested
in language, as they advocate for the development of more targeted language learning interventions that include specific and
relevant aspects of visual processing and memory, such as ventral stream visuo-perceptual details (i.e., shape or colour).
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Introduction Unfortunately, such language difficulties during child-

hood are known to increase the risk of poor social, emo-

Each year in Australia, around 20% of children start-
ing school are identified as having additional learning
needs (Goldfeld et al., 2012; O’Connor et al., 2020), with
approximately half of this cohort identified as showing
speech or language difficulties (O'Connor et al., 2019).
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tional, academic, and occupational outcomes throughout
the lifespan (Hentges et al., 2021; McKean et al., 2017;
Whitehouse et al., 2009). Thus, it is important to under-
stand the early mechanisms of both typical and atypical
language development in the brain, so that appropriate
learning supports and interventions can be implemented
for affected children.

Language is multifaceted, but is best defined as a system
of shared signs, symbols, or semantically related sounds,
usually verbalizable words termed vocabulary, for the pur-
pose of communication or self-expression (Hoff, 2014;
National Institute of Mental Health, 2018). Vocabulary is
considered a core aspect of language and is a key marker of
overall verbal language development and verbal intelligence,
with typical school children learning 10-20 new words each
day (Anglin et al., 1993; Trautwein & Schroeder, 2017).
Vocabulary encompasses both the words an individual can
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understand (receptive vocabulary) and the words they can
produce and use (expressive vocabulary) (Conti-Ramsden &
Durkin, 2012; Deldar et al., 2021). In childhood, vocabulary
is typically assessed via visual tasks (i.e., picture naming or
matching a spoken word to a picture), and predominately
considers knowledge of concrete nouns and verbs. Whilst a
range of psychosocial factors are known to influence verbal
language and vocabulary development (e.g., male gender,
parent-child interactions, and maternal education, vocab-
ulary, and mental health; Eadie et al., 2022; Mous et al.,
2017), the cognitive skills and underlying brain mechanisms
that contribute to vocabulary development remain largely
undefined (Samuelson, 2021).

Memory, particularly short-term memory (briefly holding
information in mind; Baddeley, 2012) and working memory
(online processing and manipulation of information; Adams
et al., 2018), has long been the core cognitive skill impli-
cated in supporting vocabulary development (Baddeley,
2003; Gathercole & Baddeley, 1989). Research techniques
examining the contribution of memory to vocabulary devel-
opment vary with the age of the child and expected verbal
skills. For instance, research in infancy and early childhood
(up to 3-years of age) has primarily focused on visual mem-
ory contributions to early language and vocabulary, includ-
ing joint attention, visual working memory, and spatial recall
(Cetincelik et al., 2021; Mundy et al., 2003; Ortiz-Mantilla
et al., 2008; Samuelson, 2021; Yu et al., 2019). In contrast,
research in preschool and school-aged children has instead
focused almost exclusively on auditory-verbal memory con-
tributions to ongoing vocabulary development (Baddeley,
2003; Baddeley et al., 1998; Bowey, 2001; Metsala, 1999;
Rispens & Baker, 2012; Verhagen et al., 2019). Thus, poten-
tial contributions of visual memory processes (alternatively
termed visuospatial memory processes) to vocabulary devel-
opment have seldom been investigated beyond infancy and
early childhood. As such, our current understanding of the
nature of this association and its potential ongoing impor-
tance beyond these early years remains unclear. This is
concerning given many aids, strategies, and interventions
employed to help children with language difficulties are
often visually-based (Steele & Mills, 2011), yet how these
visual aids are utilised by children, and how best to imple-
ment them, remains relatively under investigated. Further-
more, understanding of the possible association between vis-
ual memory and vocabulary development has been hindered
by the variability and inconsistency in the types of visual
memory tasks used in the literature, and in the theoretical
interpretation of what these tasks measure. We propose that
interpretation of these tasks and associated findings would
likely be improved by using a brain-based understanding of
the neuroanatomical networks associated with visual sen-
sory processing, given these networks have been shown to
support visual attention and memory processes (D'Esposito,
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2007; Eriksson et al., 2015; Wager & Smith, 2003). Hence
this review aimed to systematically investigate current litera-
ture examining the association between visual memory and
vocabulary across childhood (2- to 12-years), with a focus
on how a neuroscientific knowledge of visual processing
and memory mechanisms in the brain may better inform
understanding of this association.

Vocabulary Growth Throughout Childhood

As already alluded to, language research in infancy and
early childhood emphasises the importance of visual cog-
nition and memory processes to vocabulary development.
For instance, a recent systematic review by Cetincelik et al.
(2021) highlighted the central role of eye gaze, fixation,
and joint attention (shared focus between two individu-
als) in early social communication. Indeed, effective and
efficient ‘looking’ (i.e., short, focused fixations) has been
shown to enhance visual working memory, support word-
object mappings, and is predictive of vocabulary abilities at
12- to 18-months (Cetincelik et al., 2021; Gregory & Jack-
son, 2016). Additional visual processes, such as spatial and
sustained attention, processing speed, and visual working
memory, have also been shown to facilitate infants’ language
learning by supporting object recognition and processing of
object-word mappings (Samuelson, 2021; Yu et al., 2019).
Infant multisensory association skills (i.e., mapping a spo-
ken word to a visual object) have also been linked to higher
receptive and expressive vocabulary skills in toddlerhood
(Cetincelik et al., 2021; Choudhury et al., 2007). Beyond
infancy, children have been shown to use a range of visual
skills to support ongoing vocabulary learning. For example,
pre-schoolers (4-6-years) who are taught new words with
pictorial support learn (and retain) the words better than
those learning without pictorial support (Strauber et al.,
2020), older children (7-13-years) learn word lists better
when the information is presented as pictures, or pictures and
words, rather than as spoken words alone (Constantinidou
& Evripidou, 2012; Constantinidou et al., 2011), and chil-
dren gain vocabulary through reading (Wasik et al., 2016).
Thus, there is evidence that visually acquired information
retains an important role in vocabulary learning across child-
hood, although the specific contribution of visual memory
has rarely been evaluated.

Indeed, research regarding vocabulary development
in older children (4-years and above), has instead largely
focused on auditory-verbal memory impairments in children
with language delays or impairments. Such children, typi-
cally referred to as having a Developmental Language Dis-
order (DLD), or previously Specific Language Impairment
(SLI), have impaired development of their first language
compared to neurotypical peers, despite adequate hearing
and opportunity for language learning (Bishop et al., 2017).
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Children with DLD can present with impairments in a range
of language domains, including grammar, syntax, and, of
interest here, vocabulary (Bishop, 2006; McGregor et al.,
2013), with around 7% of school-aged children meeting cri-
teria for DLD (Norbury et al., 2016; Tomblin et al., 1997).
Whilst there is consensus in the literature that DLD chil-
dren have impaired auditory-verbal short-term and working
memory (relative to their neurotypical peers; Archibald &
Gathercole, 2006a; Vugs et al., 2013), evidence regarding
visual memory impairment is mixed. In a meta-analysis
of visual memory impairment in DLD/SLI children, Vugs
et al. (2013) found moderate effect sizes for both visual
storage memory tasks (indexing short-term memory, d =
0.49 [0.30-0.68]) and visual central executive memory
tasks (indexing working memory, d = 0.63 [0.27-0.99]),
suggesting the DLD/SLI children performed worse than
age-matched neurotypical peers on such tasks. However,
heterogeneity analyses indicated substantial variability in
these results (17 = 50-67%), which could not be accounted
for by age or the severity of language impairment (language
impairment in a single domain versus language impairment
in multiple domains), suggesting other factors may moder-
ate whether DLD/SLI children show impairment on visual
memory tasks. Further, in studies that have included both
DLD and neurotypical children, correlations between vis-
ual memory tasks (including spatio-temporal block tapping
tasks, spatial array recall tasks, and recall of visuo-percep-
tual details) and vocabulary range considerably, from very
weak to moderate (r = —.04—.54; Henry & Maclean, 2003;
Lum et al., 2012; Vugs et al., 2017), indicating more research
is needed to understand what is driving such variability.
Visual memory also appears to be more specifically associ-
ated with receptive vocabulary (as compared to expressive
vocabulary; Nickisch & Von Kries, 2009). Together, such
results suggest an association between visual memory and
language/vocabulary in both DLD and neurotypical children.
However, the substantial variability in findings means that
our understanding of how visual memory may contribute to
vocabulary development, including which aspects of visual
memory are most related to vocabulary, remains unclear and
requires further investigation.

Language and Visual Processing in the Brain

To better understand how visual memory could contribute
to vocabulary development, it is important to consider the
neural networks underlying visual and language information
processing in the brain. From birth, attention to any incom-
ing sensory information in young primates, including human
infants, is primarily visually directed via eye movements
(Bullier, 2001; Mundinano et al., 2019). Eye movements are
predominantly driven via the fastest retinal pathways to the

thalamus, superior colliculus, and parietal cortex (Laycock
et al., 2020), with aspects of the visual scene processed by
the major dorsal and ventral cortical streams (Goodale &
Milner, 1992). The dorsal occipito-parietal-frontal “vision
for action” or “where” pathway is preferentially associ-
ated with the rapid dynamic control and direction of visual
attention and processing of spatial and temporal information
(Corbetta & Shulman, 2002; Kravitz et al., 2011). Alongside
this, the ventral occipito-temporal “vision for perception” or
“what” pathway is known to preferentially processes visuo-
perceptual details (e.g., object, shape, colour) (Goodale &
Milner, 1992; Kravitz et al., 2013).

The importance of differentiating dorsal (spatial) and
ventral (visuo-perceptual) processing for visual memory
is evident from brain imaging studies showing that these
fundamental sensory processing pathways support informa-
tion maintenance during working memory tasks (e.g., with
the dorsal stream activated via spatial information during
spatial working memory tasks) (D'Esposito, 2007; Eriksson
et al., 2015; Wager & Smith, 2003). Behavioural studies
also support a distinction between the processing of spa-
tial and visuo-perceptual memory details (Pickering et al.,
2001; Simmering et al., 2015). Evidence from brain imaging
studies of language processing demonstrate that occipito-
temporal areas related to the ventral visual pathway (includ-
ing the temporal pole, inferior and superior temporal gyrus,
and fusiform gyrus) also support language processes such
as object naming and semantic association (i.e., word mean-
ings; Binder et al., 2009; Deldar et al., 2021; D'Esposito,
2007, Ellis et al., 2006). Indeed, a recent review from Deldar
et al. (2021) has highlighted a significant overlap between
core language areas of the brain and established working
memory networks.

We suggest that application of this neural network
approach to understanding visual processing may reduce
much of the variability found in past research relating to
DLD children. For instance, most previous studies exam-
ining spatio-temporal block tapping tasks or spatial arrays
(requiring dorsal visual stream processing) reported no
differences between DLD children and neurotypical age-
matched controls (Archibald & Gathercole, 2006b; Arslan
et al., 2020; Botting et al., 2013; Briscoe & Rankin, 2009;
Hutchinson et al., 2012; Lukéacs et al., 2016; Lum et al.,
2012; Petruccelli et al., 2012; Vugs et al., 2017; Williams
et al., 2000; although see Bavin et al., 2005, and Hick et al.,
2005a, b for evidence of spatial memory impariment in
DLD). In contrast, most studies examining visuo-perceptual
memory tasks (requiring individuals to attend to and recall
specific visual details, such as colour, shape, or object, and
requiring ventral visual stream processing) report that DLD
children perform worse than neurotypical peers, suggesting
a deficit in visuo-perceptual memory (Bavin et al., 2005;
Botting et al., 2013; Kleemans et al., 2012; Leclercq et al.,
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2012). Thus, when applying this neural network approach to
the literature examining visual memory difficulties in DLD,
the results become less heterogeneous and much more inter-
pretable, and hence we have applied this perspective to inter-
preting the findings of the current review.

The Current Review

The aims of this systematic review were to evaluate the liter-
ature examining the association between visual memory and
vocabulary in neurotypical children (aged 2- to 12-years),
and to explore in greater depth the potential impact of three
important moderators: age, choice of visual memory task,
and aspects of vocabulary measurement. Although a sig-
nificant focus of the previous literature has been children
with language difficulties, we chose to examine neurotypi-
cal children as current understanding of visual memory and
vocabulary associations in this population is limited.

It was important to consider the possible impact of age,
given the wide age range of our sample (2- to 12-years)
that covers a period of extensive brain growth and develop-
ment (Courchesne et al., 2000; Shaw et al., 2008), as well
as the beginning of formal education. We chose to focus on
this preschool and primary/elementary school period as the
most exponential growth in vocabulary has been previously
observed across these groups, with general vocabulary growth
assessed via traditional, concrete tasks reported to plateau
into the high school years (Duff et al., 2015; Ricketts et al.,
2020). There is also a considerable literature demonstrating
the substantial growth in visual memory and naming abili-
ties over this period (Alloway & Alloway, 2013; Anderson
& Lajoie, 1996; Buss et al., 2018; Gathercole et al., 2004;
Pickering et al., 2001). On the other hand, some previous
research suggests that the strength of memory-vocabulary
associations decreases with age (Gathercole et al., 1992;
Henry & Maclean, 2003; Rispens & Baker, 2012; Verhagen
et al., 2019). Either way, this literature highlights the need to
consider how age may impact the association between visual
memory and vocabulary over the preschool and primary/
elementary school years. Thus, we hypothesised that age
would be a significant moderator, with findings likely weaker
in older children compared to younger children, and assessed
for this via meta-regression where possible.

Secondly, as discussed above, we grouped studies accord-
ing to the aspect of visual memory being assessed (i.e.,
spatial or visuo-perceptual aspects, as they relate to dorsal
and ventral visual stream processing; Goodale & Milner,
1992). We hypothesised, based on findings in DLD children,
that visuo-perceptual memory tasks would be most closely
related to vocabulary, with spatial tasks showing a weaker
association.

@ Springer

Finally, as the association between visual memory and
vocabulary may vary depending on the type of vocabulary
assessed, and may be confounded by the frequent reliance
on visual materials (e.g., pictures of objects or visual scenes)
to assess vocabulary, we aimed to consider both vocabulary
type (receptive or expressive) and modality of vocabulary
assessment (visual or verbal) as potential moderators. We
hypothesized that visual memory would be more strongly
associated with receptive than with expressive vocabulary
(based on a small number of previous findings, e.g., Nickisch
& Von Kries, 2009), and that visually-based vocabulary
tasks would be more strongly associated with visual memory
than verbally-based vocabulary tasks.

Method

This review was conducted and reported in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (see supplemental
document Table S1 for PRISMA checklist; Moher et al.,
2009; Page et al., 2021). Prior to commencing the review, a
protocol was pre-specified and registered with PROSPERO
(registration number CRD42019125132; initial registration
dated 26/06/2019; Pickering et al., 2019). A summary of
amendments made to the protocol are presented in the sup-
plemental document (Table S2). To be included in the sys-
tematic review, studies were required to report the correla-
tion between visual memory and vocabulary in a sample of
neurotypical children aged between 2- and 12-years. Specific
details of eligibility criteria are provided below.

Information Sources and Search Strategy

Studies were identified through searching the following
electronic databases: PsychINFO (Ovid, 1806 to present),
Medline (Ovid, 1946 to present), EMBASE (Ovid, 1947 to
present), PubMed, Scopus (Elsevier), Web of Science (ISI),
ERIC (ProQuest), and Cochrane Library. The search strategy
included both keywords and MeSH terms as appropriate.
The initial database search was run on the 17" and 18™ of
April 2019, with an updated search conducted on the 1% of
October 2020. In addition, hand searching was conducted
from the reference lists of those studies that met inclusion
criteria.

The search strategy was developed in consultation with
an academic librarian and was designed to capture a broad
array of studies that included measures of visual memory
and vocabulary in a child sample (including studies where
this was not the primary aim). An overview of the search
strategy is presented below. The specific search strategy for
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all databases has been provided in the supplementary docu-
ment (Table S3).

1. Visu* OR spati* OR “visu*spati*”’ OR “spati*visu*”
Memory OR “short term memory” OR “working mem-
ory” OR “complex memory” OR “declarative memory”’
OR “long term memory” OR STM OR WM OR LTM

3. 1TAND2

4. Vocabulary OR lexicon OR “mental lexicon” OR “word
knowledge” OR comprehension OR words

5. Child*

6. 3AND4 AND S5

Eligibility Criteria and Study Selection

Eligible studies were required to be peer-reviewed publica-
tions written in English, with no limits on year of publication.
Other forms of publications, including conference abstracts,
dissertations, book chapters, study protocols, and government
reports were therefore excluded. Although excluding such
‘gray literature’ from our search may increase the possibility
of publication bias within the included studies, other methods
were employed to decrease publication bias, including addi-
tional quality measures and statistical analyses. Studies were
required to include a sample of neurotypical children, which
included studies where the neurotypical children formed a
control group (i.e., they were not the primary focus of the
study). We initially aimed to include children from birth to
12-years, 11-months old [12;11], however, the scarcity of
studies of children under 2-years prevented inclusion of this
age group, and thus the final age range was 2;0-12;11. Studies
that did not consider neurotypical children separately from
clinical populations, or included participants 13-years and
older (whether all or part of the total sample), were excluded.
Additionally, given strong evidence that the language and
memory abilities of bilingual children differ from monolin-
gual children (see Grundy & Timmer, 2017, for a review),
participants were required to be monolingual, with no restric-
tions on primary language spoken (as primary language was
not expected to impact results). Studies were included if they
employed both a measure of visual memory and an objective
cognitive/behavioural measure of vocabulary (i.e., beyond
parental questionnaires of vocabulary knowledge that were
excluded). Longitudinal studies were included if the visual
memory and vocabulary measures were completed at same
timepoint, and, for consistency with single-timepoint stud-
ies, only data from the first study timepoint was included.
Studies that included only a visual memory measure, only
a vocabulary measure, or completed both measures but at
different timepoints, were excluded.

Study eligibility was assessed independently by two
authors (HP and JP) and one research assistant (LR) using

the data management software Covidance (Veritas Health
Innovation, 2019). The titles and abstracts of each identified
record were screened independently by either HP and LR
(initial search) or HP and JP (second search), to determine
whether to reject the study or accept the study for further
review. HP and JP then independently reviewed the method
and results sections of each potentially relevant study to
determine whether the study met the pre-specified inclusion/
exclusion criteria. Disagreements were settled by consensus.
The decision to reject a study was determined using a cus-
tom hierarchy of seven exclusion reasons:

1. Full-text document unable to be sourced,

2. Study not available in English,

3. Study design did not meet criteria (case-study, interven-
tion study, longitudinal study with memory and vocab-
ulary measures taken at different timepoints) or not a
peer-reviewed publication (conference abstract, book
chapter, thesis),

4. Population did not meet criteria (participants older than
12;11, no neurotypical group, bilingual or mixed sam-
ple),

5. Study did not include a measure of visual memory,

6. Study did not include an objective cognitive/behavioural
measure of vocabulary,

7. Study did not report required correlation statistic (a
bivariate correlation between, visual memory and
vocabulary in a neurotypical sample).

Quality Assessment

Quality assessment was completed at the study level using
the Appraisal tool for Cross-Sectional Studies (AXIS tool;
Downes et al., 2016). The AXIS tool assesses study qual-
ity with 20 items spanning five subsections: introduction,
method, results, discussion, and miscellaneous (e.g., eth-
ics). In order to compare quality across studies, outcomes
were converted to a percentage, with a higher percentage
representing a higher quality study. Percentages were calcu-
lated against the number of items applicable to the particular
study (i.e., excluding items answered as “Not Applicable”).
Ratings of 75% or higher represent a high study quality, val-
ues of 50-74% a moderate quality study, and scores below
50% a poor-quality study. Only studies with a quality score
of 50% or above were included in the review. Two additional
quality measures specific to the current review were rated:
1) did the aim/s of the study match the aims of the current
review (included to assess possible publication bias), and 2)
did the authors indicate why their particular visual memory
task/s was chosen. These additional quality measures did not
contribute to the overall quality percentage. These assess-
ments (the AXIS tool and custom questions) were completed
by the first author (HP), and 35% (n = 9) were randomly and

@ Springer



808

Neuropsychology Review (2023) 33:803-833

independently reviewed by the second author (JP) for qual-
ity assurance. The initial overall interrater reliability was
81% (ranging 73-95% for individual studies), with disagree-
ments regarding the rating of individual items then settled
by consensus.

Data Extraction and Synthesis

Data was extracted by the first author (HP). For each study,
the following information was extracted: study details
(authors, publication date, aims); participant information
(sample size, age [M, SD, range], language spoken); meas-
ures (name, description, and procedure for visual memory
and vocabulary measures); and outcomes (correlation coef-
ficients, significance values). Where information was unclear
or not available in the publications, attempts were made to
contact the authors for additional information.

A task was considered to measure visual memory if the
following conditions were met: 1) the study authors described
the task as a measure of memory, and 2) the task description
indicated that the content of information being processed
and recalled was purely visual (i.e., visuo-perceptual details
or spatial information) and did not additionally require pro-
cessing or recall of non-visual information (i.e., auditory-
verbal information). Vocabulary measures were defined as
any language task that required participants to demonstrate
their understanding of, or knowledge about, word meanings.
Tasks were required to actively test participants knowledge
(i.e., informant reports or checklists of known words were not
included as a vocabulary task).

The primary outcome extracted was the bivariate corre-
lation between a visual memory measure and a vocabulary
measure. Where studies provided more than one correla-
tion (i.e., from either multiple relevant participant groups or
where there were multiple outcomes for visual memory and/
or vocabulary measures), all correlation coefficients were
extracted. Significance values were extracted where avail-
able for inclusion in relevant results tables. Whilst the inclu-
sion of multiple outcomes from a single study means that
not all outcomes are independent, which may overestimate
the overall effect and underestimate error (Borenstein et al.,
2009), sensitivity analyses were conducted, where appropri-
ate, to overcome this (Brown & Tinsley, 2000).

To synthesise the data, the following categorisations were
made by two authors (HP and SC) regarding the properties
and procedures of the visual memory tasks:

1. Type of memory being measured (short-term memory,
working memory, learning, or long-term memory),

2. Content of information to be remembered (spatial,
visuo-perceptual, or both [visuospatial]),

@ Springer

3. Type of information processing (sequential/temporal or
concurrent), and,

4. Response measure (sequential span, item recognition,
item recall, change detection, or executive judgement).

Categorisations of each visual task used in the included
studies were then independently reviewed by the second
author (JP). Initial interrater reliability was 86%, with disa-
greements then settled by consensus. This information was
then used to group visual memory tasks into categories for
data analysis. Categorisations were made using the task
description and procedure provided in the included studies,
and by consultation with relevant task manuals. A summary
of this information is presented in Table 1.

Similarly, for vocabulary, the following judgements were
made by two authors (HP and SC) regarding the properties
and procedures of the vocabulary tasks:

1. Vocabulary type (receptive or expressive), and
2. Modality of information presented (visual or verbal).

A summary of this information is presented in the sup-
plemental documentation (Table S4). Where possible, this
information was used for subgroup analyses.

Data Analysis

First, bivariate correlation coefficients from included studies
were standardised to Fisher’s z to account for differing sam-
ple sizes and enable comparisons between studies. Standard
errors were calculated using study sample sizes. Pooled cor-
relation results were categorised as weak (.1-.3), moderate
(.4-.6), or strong, (.7-.9) (Akoglu, 2018).

Studies were then grouped for analysis in two different
ways. Initially, included studies were grouped according to
vocabulary type (receptive or expressive), as this had been
our original intention (as per the original protocol; Pick-
ering et al., 2019). However, when extracting data from
included studies it became apparent that most vocabulary
tasks were visually based and most aimed to measure recep-
tive vocabulary, which provided little variability and thus
seemed unlikely to be driving the inconsistent results pub-
lished to date. Therefore, to provide a more thorough and
interpretable analysis of potential moderating factors, we
instead grouped studies according to the type of visual mem-
ory task. This decision was made during the data extraction
process and before any data analysis had been conducted.
Where there were three or more correlation coefficients
within a particular subgroup of visual memory measures,
these were subjected to a meta-analysis. Other studies that
did not meet this criterion are discussed in a narrative review
(with results tabulated). Where possible, age and vocabulary
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E s > type (receptive or expressive) were investigated as poten-
s - g q? tial moderators. However, as this is only statistically viable
g S S Sz when there are 10 or more datapoints within a given analy-
2 ) C 28 p g y
& = ai @ sis (Deeks et al., 2020; Thompson & Higgins, 2002), such
= ®] =} . . .
g = £~ £ moderators could not be considered in most visual memor
E = 0 o= y
5] = =
g < |52 subgroups.
= b9) e & .. .
P 5 £ 58 Statistical analyses were conducted using the JASP Meta-
(&) = z 2 Y £
Sz 4 Analysis function (JASP Team, 2021). A random-effects
= § 2% model (restricted maximum likelihood, REML) was chosen
2 = . . L
% ” = . § .§ a priori, as significant methodological variability between
< X . . o .
E g < 22 § included studies was anticipated (Langan et al., 2019). The
- ” ” S : & results are displayed in forest plots. Heterogeneity was primar-
Q - . B . . .
T~ g ily quantified using the P index, with values of 25%, 50%, and
— (SRR . .
g o 3 2g2 = 75% considered to represent low, moderate, and high hetero-
= . . . . . .
§~ g . &; ; E” % % geneity, respectively (Higgins & Thompson, 2002; Higgins
23 | & & z _§ = g et al., 2003). Additional measures of heterogeneity were also
- k — .
8 % & % calculated and presented for transparency: > (where a higher
o § f ‘§ E 72 represents more heterogeneity) and the Q statistic (where
g § 2 z 2 the further Q is from the df, the higher the heterogeneity)
S _ = S g 3 7 (Borenstein et al., 2009). As some studies provided multiple
R < 7 R 5 . e . . e .
= z = ) 57 % datapoints within a single meta-analysis, sensitivity analyses
Q LA . .
& g g §8¢2 g were conducted where applicable, to ensure findings were
= 3 S 2=5 £ . k
=2 E g not impacted by the non-independence of some data (Brown
538 § & Tinsley, 2000). As mentioned above, where possible (i.e.,
= ) 2z 15} y p
« § 5 § 3 g where there were 10 or more datapoints within a subgroup),
= Y 2] . . . .
EE| < <R3 E g meta-regression was used to investigate any heterogeneity
= = - . .
5 £ ES gé ; - (Deeks et al., 2020; Thompson & Higgins, 2002). To assess
e n . . . . 5 .
Ez 3 E for possible publication bias, Egger’s regression test, funnel
$Z2x = p P g8 g
& é TS plots, and Rosenthal’s fail-safe N were presented (Egger et al.,
£ 5 § £ g 1997; Rosenthal, 1979).
2 122 2
2 =
|2 SEE 3
n b) %g E Results
“
¥ .5 o § |§27 2
9s.,55 &85 |S582 T
cirii 59l |ZEs B .
2288y 8BS Sz 2 Study Selection
TEEEZ2 =53 =2 @ 15}
E2 34 6 T3 Lzl 5)
E § =~ .’5 % ; E g > > .g ;';D .
£ g EEZ 2B R B ‘g s 9 The database searches returned 10,151 records, of which
7] s O s L = = 2 = .
&% £ g § 232 2 o & = 5,339 were unique records (see Table S3 for a breakdown
O = - =2 H .
§SS25 ¢ EZ | & s @ of records per database). Hand-searching the reference
2] o = s 2 =] o= ~ . . . . .
ié %” s & 55 é E g = goi‘é z lists of included studies returned an additional seven ref-
£ g 5= s g Yg; e § _i EZ < erences. Following independent title and abstract screen-
£ EAE = = . . .
£ BEE LT % g5 % z o £ § Z o ing, 463 records were accepted for full-text review, while
= ) i o] ‘X E=! . .
7 sk w55 2 E S g | & g Q g 4,876 were excluded as they clearly did not meet inclu-
o 5:*: é 2 ?:j E § § = = § é = sion criteria. Full-text review excluded a further 424
2 15} £ g S® O S . .o .
= @ A : % S a £ records. A further 10 studies were initially considered
" - < . . o . .
- 5 E < g g g to meet inclusion criteria, however, on closer inspection
5] 3 73 . .
S s 2 g § ZES8 8 they were excluded due to key methodological differences
o |. S = 2] = @ . . . .
2|8 Eb ge Z i g E that prevented comparison with other included studies.
= | = e = @ . .
g9 g o g g 82 3 Of these 10 ‘near-miss’ studies: three reported only par-
3 — > e 2 . . . . .
= £ = £ ‘% s g %"050 3 tial correlations (rather than bivariate correlations pro-
- o0 — — . . . . . . .
v % g %% j ‘S % S vided by the majority of included studies) (DeNigris &
Q2 2 5 N o
S 27 SE55 & Brooks, 2018; Henry & Maclean, 2003; Rasmussen et al.,
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Records removed before
screening:
Duplicate Records (n =4,819)

\ 4

Records excluded:
(n=14,376)

\ 4

Records not retrieved:
(n=3)

Records excluded:
Correlations Not Reported (n = 110)

\ 4

No Visuospatial Memory (7 = 78)
Wrong Population (n = 73)

Wrong Design/Publication Type (n = 64)
No Vocabulary Measure (n = 59)

Study Not Available in English (» = 40)
‘Near Miss’ Studies (7 = 10)

Fig.1 PRISMA flow diagram )
depicting how articles were 5
selected for review ‘5 Records identified from:
= Databases (n = 10,151)
= Hand Searching (n = 7)
]
=
(==
-/
(E—
Records screened:
(n=15,339)
Records sough for retrieval:
2| | m=463)
-
)
3]
S
9
xR
Records assessed for eligibility:
(n=1460)
-/
@R
= : ;
~ Records included in:
% Meta-analysis (n = 19)
= Narrative review (n =7)
| WD

2009), two reported a composite memory score for analy-
ses (where such composites comprised memory tasks that
were judged to assess different aspects of visual memory,
such as a spatio-temporal span task and a visuo-perceptual
array task) (Lum et al., 2012; Vukovic et al., 2014), two
reported age-standardised scores (rather than raw scores)
(Alloway & Elsworth, 2012; Metcalfe & Stratford, 1986),
one used a mixed vocabulary task (assessing both recep-
tive and expressive vocabulary) (Alloway & Passolunghi,
2011), one combined receptive and expressive vocabulary
scores for analyses (Joseph et al., 2005), and one reported
z-scores (rather than raw scores) (Hooper et al., 2011).
Characteristics and results of these 10 ‘near miss’ studies
are provided in supplemental document (Table S5).
Thus, a total of 26 articles were identified for inclusion
in the systematic review (see Fig. 1). The corresponding
authors of five studies were contacted to provide further
information for data extraction and synthesis; of these, four
authors were contacted regarding participant information
(Evans et al., 2008; Montoya et al., 2019; Palombo & Cuadro,
2020; Wilson et al., 2018), and one author was contacted for
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additional detail regarding their chosen vocabulary measure
(Yoo & Yim, 2018). Three authors responded and provided
the requested information (Evans et al., 2008; Montoya
et al., 2019; Palombo & Cuadro, 2020) and no response was
received from the other two authors (Wilson et al., 2018;
Yoo & Yim, 2018). Information regarding the vocabulary
measures from Yoo and Yim (2018) was ultimately able to be
sourced from other papers using the same measure. Details
of the author correspondence is provided in the supplemental
document (Table S6).

Quality Assessment and Risk of Bias

Quality assessment with the AXIS tool (Downes et al., 2016)
was completed on the 26 included studies, and all studies
were considered of sufficient quality to be included in the
review and meta-analyses. When ratings were converted to
percentages, scores ranged 60-88% (where a higher per-
centage represents a higher quality study; M = 74%). All
studies provided adequate introductory sections and jus-
tified conclusions (items 1, 2, and 17), whereas no study
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Table 2 Risk of Bias for Included Studies

Study Details AXIS Criteria
o
# Citation Related to Task Introduction Method Results Discussion Other Total
Review? Choice?
1 Adams et al. (1999) Y N [ ) [ ) [ ) 75%
2 Barbosaetal. (2017) Y Y [ ) [ ) [ ) 76%
3 Batnini and Uno (2015) N N [ ) [ ) 76%
4  Blometal. (2014) N Y [ ) [ } [ ) 78%
5 Bocketal. (2015) N N [ ) [ ) 60%
6  Cornuetal. (2018) N N o o 75%
7  Critten et al. (2018) N Y [ ) 74%
8  Evans etal. (2008) N Y o o 76%
9  Laws (2002) N Y [ ) o [ ) 66%
10 Malone et al. (2020) N N o [ ) 68%
11 Meneghetti et al. (2020) N Y o o o 84%
12 Michas and Henry (1994) N N o o o 60%
13 Montoya et al. (2019) Y N o [ ) 87%
14 Obeid and Brooks (2018) N N [ ) [ ) 84%
15 Palombo and Cuadro (2020) N Y [ ) 66%
16 Séguin et al. (2009) N N o o 88%
17 Seigneuric et al. (2000) N N [ ] [ ] [ ] 63%
18 Senese et al. (2020) N Y o [ ) 76%
19 Stokes et al. (2017) Y Y [ ) [ ) 82%
20 Studer-Luethi et al. (2016) N N o [ ) 71%
21 van der Graafet al. (2016) N N o [ ) 76%
22 Veraksa et al. (2018) Y N [ ) 76%
23 Vukovic and Lesaux (2013) N N [ ) [ ) 78%
24  Williams et al. (1977) Y Y ([ o 61%
25 Wilson et al. (2018) N N o [ 76%
26 Yoo and Yim (2018) Y Y (] o 74%

Green = all questions in that section answered yes. Orange = questions in that sections were answered with a mix of yes, no, and/or unclear. Red
= all questions in that section answered no. See Supplemental Table S7 for details

AXIS appraisal tool for cross-sectional studies

included a sample size justification (item 2). A summary of
the quality assessment is presented in Table 2, and a more
detailed breakdown is provided in the supplemental docu-
ment (Table S7).

In addition to the standardised quality assessment, two
other quality measures were obtained (see Table 2). The
first quality measure considered whether the aim of each
included study matched the aim of the current review (i.e.,
examination of the association between visual memory and

vocabulary and/or language abilities). Only seven of the 26
studies selected met this quality criteria which suggests a
low risk of only including studies that have published signifi-
cant results (i.e., publication bias), given that 19/26 studies
published a result that was relevant to our review, but not
the primary focus of the original study. Given our specific
interest in the types of visual memory tasks used, the second
additional quality measure considered whether the authors
of the included studies justified their choice of a particular
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visual memory tasks (e.g., reliability, validity, known asso-
ciation with other variables of interest, previous research,
or links to neuroscientific understanding of visual process-
ing). Eleven studies provided a justification for their choice
of visual memory task: three referenced previous research on
a similar topic using the same visual memory task (Critten
et al., 2018; Senese et al., 2020; Yoo & Yim, 2018), three ref-
erenced reliability and/or validity of their visual memory task
in a relevant population (Barbosa et al., 2017; Evans et al.,
2008; Palombo & Cuadro, 2020), two referenced manipulat-
ing aspects of their tasks, such as choosing colours that were
easy or not easy to verbalise (Laws, 2002) or manipulating
the memory load on a visual perception task (Williams et al.,
1977), one referenced a known association with their out-
come variable (Meneghetti et al., 2020), one designed a new
task to be appropriate for their age-range (Stokes et al., 2017),
and one referenced specifically assessing different aspects
of memory (e.g., storage versus storage plus manipulation
of information in working memory; Blom et al., 2014). No
study provided a justification that related to neuroscientific
knowledge of visual processing (e.g., why a spatial task was
chosen over a visuo-perceptual task, or vice versa).

Study Characteristics and Data Synthesis

Of the 26 included studies, 19 studies contributed 28 data-
points that were grouped into three meta-analyses (based
on categorisation of the visual memory tasks, see below for
details). The remaining seven studies utilised visual memory
tasks that were unable to be meaningfully grouped together,
and thus the 13 datapoints from these studies were considered
in a narrative synthesis. Characteristics of the 19 meta-analysis
studies are presented in Table 3, and characteristics and results
of the remaining seven studies are presented in Table 4.

Participant Characteristics

The 26 included studies involved a total of 4,545 partici-
pants, with 3,570 of these contributing to the meta-analysis.
Participant ages ranged from 2;0 to 12;11 years old, although
most studies (n = 16) focused on younger children (2—-6
years). This may have been partially influenced by study
inclusion criteria, as studies where the age range extended
past 12;11 were excluded, even though in some of those
studies the majority of children may have been under 12;11.

Visual Memory Task Characteristics

Measurement of visual memory was highly variable, with
27 different tasks used across the 26 included studies. Only
one task, the Corsi block tapping task (Corsi, 1972), was
used in more than one study. Based on the categorisation of
the visual memory tasks (see Table 1 for details), four clear
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subgroups emerged: spatio-temporal span tasks, concurrent
array tasks (which can be further separated into concur-
rent spatial arrays and concurrent visuo-perceptual arrays),
and executive judgement tasks. These categorisations are
described in detail below. Examples of each subtype of vis-
ual memory task are provided in Fig. 2.

Spatio-temporal span tasks (Fig. 2a) are distinct in that
the information to be recalled is presented in a sequential-
temporal fashion (i.e., one item at a time), with the par-
ticipant asked to recall the position of the presented infor-
mation in the correct temporal sequence. All temporal
tasks included in the current review were spatio-temporal,
in that the information to be recalled was spatial (i.e.,
the location of blocks on a table). The majority (8/10)
of studies used the Corsi block-tapping task (or variant
thereof; see Table 1 for details; Corsi, 1972), and 8/10
studies using this style of task required participants to
recall the presented information in forward sequence (i.e.,
the order it was presented). Only two studies required
participants to recall the information in reverse order.
Because this instructional difference changes the theo-
retical interpretation of the task (as forward recall tasks
are considered to measure short-term memory, whereas
reverse recall tasks are considered to measure working
memory; Lezak et al., 2012), results from these two stud-
ies are considered separately from the others.

Concurrent array tasks simultaneously present a visual
array of information (i.e., all items at once) for a prede-
termined period of time (most commonly 5-seconds) and
require either the spatial or visuo-perceptual details to be
encoded. Following this, the participant is asked to either
recall and reproduce the information, recognise the pre-
sented items from a second array (containing all the pre-
sented items and distractor items), or determine whether
a second array differs from the first (change detection).
Concurrent array tasks can be further categorised by the
type of information to be remembered: spatial locations
(Fig. 2b) or visuo-perceptual details (Fig. 2c).

Executive judgement tasks (Fig. 2d) involve executive
decision making in addition to processing a concurrent
array, often whilst also recalling the presented informa-
tion in sequence. For example, judging a series of shapes to
determine an ‘odd-one-out’, and after several trials recall-
ing (in sequence) the location of each shape that had been
‘odd-one-out’ (Alloway, 2007). Thus, executive judgement
tasks are considered more complex than temporal span and
concurrent array tasks, given the multiple task demands to
be processed and recalled.

Vocabulary Task Characteristics

Regarding included vocabulary measures, 14 studies meas-
ured receptive vocabulary, 10 studies measured expressive
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Table 3 Characteristics of Studies Included in Meta-Analyses

Study Details Participants Measures Outcomes
# Citation Language N Age M (SD); Memory Task/s Vocabulary Meta-Analysis Fishers’ z [95% CI]
Range Task/s Category
1 Adams et al. English 66 5.05 (0.25); 1. Corsi Blocks BPVT 1. Temporal Span ~ 0.28 [0.03, 0.53]
(1999) 4.5-5.5 2. Visual Pattern Span 2. Concurrent 0.19 [-0.06, 0.44]
Array (S)
2 Blom et al. (2014)* Dutch 52 5.14 (0.18) 1. AWMA Dot Matrix ~ TT & TAK 1. Concurrent 0.40 [0.12, 0.68]
Array (S)
2. AWMA Odd One 2. Executive 0.30[0.02, 0.58]
Out Judgement
3 Cornu et al. (2018) Luxembourgish 141 5.94 (0.44); Corsi Blocks Picture Naming Temporal Span 0.21 [0.04, 0.38]
5-6 Task
4 Critten et al. (2018) English 32 8.5 (1.5); 1. WMTB-C Block BPVT 1. Temporal Span ~ 0.50 [0.14, 0.86]
6.17-11.58 Recall
2. TVP Visual Memory 2. Concurrent 0.43 [0.07, 0.79]
Array (V)
3. TVP Visual Sequen- 2. Concurrent 0.58 [0.35, 0.81]
tial Memory Array (V)
5 Evans et al. (2008)  English 76 4.44 (0.79); BAS Visual Recogni- PPVT-III Concurrent Array ~ 0.58 [0.35, 0.81]
3.0-6.08 tion Test W)
6 Laws (2002) English 16 4.54 (1.12); 1. Corsi Blocks BPVT-II 1. Temporal Span ~ 0.59 [0.05, 1.13]
2.17-6.92 2. Colour Memory 2. Concurrent 0.91 [0.37, 1.45]
(Focal Colours)® Array (V)
3. Colour Memory 3. Concurrent 0.33 [-0.21, 0.87]
(Non-Focal Colours)® Array (V)
7 Meneghetti et al. Italian 30 5.49 (0.23); 1. WM Matrices - PPVT-R 1. Temporal Span  0.26 [-0.12, 0.64]
(2020) 5.17-6.00 Sequential
2. WM Matrices — 2. Concurrent .026 [-0.12, 0.64]
Simultaneous Array (S)
8 Michas and Henry ~ English 44 5.5; Box Span Task BPVS (short form) Temporal Span 0.21 [-0.10, 0.52]
(1994) 5.17-6.17
9 Montoya et al. Spanish 419 4.4, Corsi Blocks [adapted] PPVT-R Temporal Span 0.320.22, 0.42]
(2019) 3.4-5.5
10 Obeid and Brooks  English 63 8.17 (1.25); One-Shape Array PPVT Concurrent Array ~ 0.41 [0.16, 0.66]
(2018) 6.0-10.67 Memory Task (VS)
11 Palombo and Spanish 97 9.76 (0.26); WMS-IV Symbol Span  WISC-IV Vocabu- Concurrent Array  0.19 [-0.01, 0.39]
Cuadro (2020) 9-12 lary )
12 Séguin et al. (2009) English or French 1,693  3.38 (.05); Visually-Cued Recall PPVT-R Concurrent Array ~ 0.39 [0.34, 0.44]
V)
13 Seigneuric et al. French 48 9.75; ‘Working Memory — Synonym Subtest  Executive Judge-  0.76 [0.55, 0.97]
(2000) 8.67-10.58 Lines of the California ment
Test
14 Senese et al. (2020) Italian 142 8.8 (1.1); Corsi Blocks (Forward) WISC-IV Vocabu- Temporal Span 0.20[0.03, 0.37]
7-11 Corsi Blocks (Back- lary Temporal Span 0.15 [-0.02, 0.32]
ward)
15  Stokes et al. (2017) English 92 3.67 (.85); Visual Patterns Test ROWPVT Concurrent Array ~ 0.76 [0.55, 0.97]
20-525 (ViP) EOWPVT ® 0.81 [0.60, 1.02]
16  Studer-Luethi et al. German 99 8.25 (.50); Backward Colour Wortschataztest Temporal Span 0.02 [-0.18, 0.22]
(2016) Recall (Culture Fair
Intelligence Test)
17 vander Graaf et al. Dutch 100 4.5; Corsi Blocks Verbal Meaning Temporal Span 0.15 [-0.05, 0.35]
(2016) 4.0-5.17 Test
18  Vukovic and English 75 6.83 (41); Visual Matrix (S-CPT)  WI-III Picture Executive Judge- 0.32 [0.09, 0.55]
Lesaux (2013)°¢ Vocabulary ment
19  Williams et al. English 24 7.0;5.16-8.91 ITPA Visual Reception PPVT Concurrent Array ~ 0.27 [-.016, 0.70]
(1977) Subtest V)

BPVS British picture vocabulary test, V visuo-perpetual, AWMA automated working memory assessment, 77 Toets Tweetaligheid (test for bilin-
gualism), TAK Taaltoets Alle Kinderen (language test for all children), S spatial, WMTB-C working memory test battery for children;, TVP test of
visual perception, BAS British ability scales, PPVT Peabody picture vocabulary test, WM working memory, VS visuospatial, WMS-IV Wechsler
memory scale, WISC-1V Wechsler intelligence scale for children, ROWPVT receptive one-word picture vocabulary test, EOWPVT expressive one-
word picture vocabulary test, S-CPT Swanson cognitive processing test, W.J-1II Woodcock-Johnson III, /7PA Illinois test of psycholinguistic abilities
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Table 3 (continued)

*Used Wave 2 data

®Focal colours are common chromatic colours (e.g., blue, green), and non-focal colours are hues between common colours (e.g., turquoise, aqua)

“Used Grade 1 data

vocabulary, and two studies measured both. Seventeen dif-
ferent tasks were used across the 26 included studies. Nine
different tasks measured receptive vocabulary, of which 7/9
were visually-based tasks (e.g., choosing a picture to match
a spoken word), with one task (the Peabody Picture Vocabu-
lary Test, PPVT; Dunn & Dunn, 2007) used in 7/16 studies.
Similarly, of the eight tasks measuring expressive vocabu-
lary, 6/8 were visually-based (e.g., picture naming), although
the most common expressive vocabulary task (the Vocabu-
lary subtest from the Wechsler intelligence scales; Wechsler,
2011a, b, used in 3/12 studies) was verbally-based (defining
words). Further descriptions and categorisations of the tasks
are provided in the supplemental document (Table S4).

Results of Meta-Analyses

As per the pre-registered protocol (Pickering et al., 2019),
studies were initially grouped according to vocabulary type
(receptive or expressive). Following this, studies were then
grouped according to the type of visual memory task (spatio-
temporal span, concurrent array, executive judgement).

Receptive Vocabulary

For receptive vocabulary, results from 22 datapoints (15
studies, see Table 3) indicated a moderate, positive associa-
tion with visual memory (pooled correlation = .36, 95% CI
= .28-.45, p < .001, see supplemental document Fig. S1).
However, there was significant, moderate heterogeneity (t>
=.021, Q(21) = 47.46, p < .001, P = 66%). We attempted
to account for this by considering age (mean age entered as a
continuous variable) and vocabulary modality (visual or ver-
bal) as potential moderators in a meta-regression, however,
the model was not significant, and heterogeneity remained
significant (p = .01, I = 56%). Full results of these analyses
are presented in the supplemental document (Table S8).

Expressive Vocabulary

For expressive vocabulary, results from six datapoints (five
studies, see Table 3) indicated a moderate, positive associa-
tion with visual memory (pooled correlation = .31, 95% CI =
.11-.51, p = .002). However, there was significant, very high
heterogeneity (t° = .051, Q(5) = 29.78, p < .001, I’ = 84%).
The small number of datapoints precluded using meta-regres-
sion to examine the heterogeneity, although inspection of the
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forest plot (see supplemental document Fig. S2) suggests that
results from one particular study (Stokes et al., 2017) were very
different from the others (influence measures indicated a high
Cook’s Distance, 1.1, yet weighting was equivalent to the other
datapoints), and may potentially be driving the heterogeneity.

Given these inconclusive and heterogeneous results, we
chose to reconsider our grouping method, in order to better
understand what may be driving the variability. This was
achieved by grouping studies according to the type of visual
memory task used. Studies were collapsed across vocabu-
lary types, with vocabulary type (receptive or expressive)
considered as a moderator where possible. These results are
described below.

Spatio-Temporal Span Tasks

Of the 10 studies (contributing 11 datapoints, see Table 3)
that used spatio-temporal span tasks, nine studies (contrib-
uting nine datapoints) were included in the meta-analysis,
as they all used a forward variant of their respective tasks
(indexing short-term memory). As only two studies (con-
tributing two datapoints) used a backward variant of their
span tasks (indexing working memory), their results were
considered separately and, given the low number of studies,
not pooled via meta-analysis.

Of the nine studies in the meta-analysis (forward variant
of spatio-temporal span tasks), six studies used a physi-
cal block or box tapping task (Adams et al., 1999; Critten
et al., 2018; Laws, 2002; Michas & Henry, 1994; Senese
et al., 2020; van der Graaf et al., 2016), two studies used a
comparable computerised/iPad tapping task (Cornu et al.,
2018; Montoya et al., 2019), and one study (Meneghetti
et al., 2020) showed a sequential pattern of squares in a
matrix. Seven studies used a visually-based receptive
vocabulary task, and the remaining two studies used expres-
sive vocabulary tasks (one verbally-based and one visually-
based). Additionally, the majority of studies (7/9) exam-
ined younger, mostly preschool age children (2—6 years),
whereas the last two studies examined older children (6-11
years). Studies were of moderate to high quality (quality
scores 60-87%, M = 75%).

The results of the meta-analysis indicated a weak, posi-
tive relationship between spatio-temporal span memory
tasks and vocabulary tasks (pooled correlation = .27, 95%
CI =.20-.33, p < .001, see Fig. 3). Heterogeneity was low
(2 = <.000, O(8) = 6.64, p = .576, I> = 3%).
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Table 4 Characteristics and Results of Studies Included in Narrative Synthesis

Study Details Participants Measures Results
# Citation Language N Age M (SD); Range Memory Task/s Vocabulary Task/s  Correlation, p Fishers’ z [95% CI]
1 Barbosa et al. English 40  5.11(0.54); NEPSY-II Hand PPVT-III r=.420, <.001 0.45[0.12, 0.77]
(2017)* 3.91-6.16 Position Imitation
Mandarin 38  5.24 (0.66); 4.0-6.16 [adapted] r=.216, ns 0.22 [-0.11, .055]
2 Batnini and Uno Arabic 116 7.93(0.43); 7-9 ROCFT Immediate =~ ACTWA r=-.046, ns .05 [-0.14, 0.23]
(2015) Recall
ROCFT Delayed r=-.008, ns -0.01 [-0.19, 0.18]
Recall
3 Bock et al. (2015) English 104 8.92(1.42);7-12 Location Memory Vocabulary Defini- r=.02° ns 0.02 [-0.18, 0.22]
tions
4 Malone et al. (2020)° English 569 5.32(0.36); 4.5-6.83 CMS Dot Locations ~ CELF-4 Expressive r=.13,<.01 0.13 [0.05, 0.21]
Vocabulary
5 Veraksaet al. (2018) Russian 279 5.6; NEPSY-II Memory =~ WPPSI Picture Content 7, =.110, ns  0.11 [-0.01, 0.23]
5-6 for Designs Naming Spatial r,=.012,ns  0.01 [<0.11, 0.13]
Bonus r,=.029, ns  0.03 [-0.09, 0.15]
Total r, = .054, ns 0.05 [-0.06, 0.17]
6 Wilson et al. (2018)  English 126  5.42-12.92 CANTAB Spatial WASI Vocabulary r=-.64° < 01 -0.76 [-0.93, —0.58]
‘Working Memory
7 Yoo and Yim (2018) Korean 20  8.23(0.70); 7.0-9.5  n-back (1-back) REVT Receptive r, = .20, ns  0.20 [-0.27, 0.68]

Expressive r, = .18, ns

0.18 [-0.29, 0.66]

NEPSY-II NEuroPSYchological assessment of the school-aged child, PPVT Peabody picture vocabulary test, ROCFT Rey-Osterrieth complex
figure test, ACTWA Arabic comprehension test of abstract words, CMS children’s memory scale, CELF clinical evaluation of language funda-
mentals, WPPSI Wechsler preschool and primary scale of intelligence, CANTAB Cambridge neuropsychological test automated battery, WASI

Weschler abbreviated scale of intelligence, REVT receptive & expressive vocabulary test

“Included two monolingual groups
"Memory score was an error score
“Used T1 data

Egger’s test indicated no publication bias (p = .536),
and the funnel plot appeared symmetrical (see supplemen-
tal document Fig. S3a). Fail-safe N suggested 180 non-
significant or unpublished studies would be required to
nullify the significant result. One study (Montoya et al.,
2019) was flagged as having a high influence on the results
(Cook’s Distance = 1.19, weight = 40%), likely due to the
large number of participants in this study (n = 419, next
largest were Senese et al., 2020, n = 142, and Cornu et al.,
2018, n = 141). However, when the analysis was re-run
after removing this study (Montoya et al., 2019), there was
little change in the result (pooled correlation = .23, 95%
CI=.15-.32, p <.001).

The final two studies using spatio-temporal span tasks
were not included in the above meta-analysis because
they required participants to recall the spatio-temporal
sequence in reverse order (rather than forward order, as
was the case for all nine datapoints included in the meta-
analysis). The first (Senese et al., 2020) used a back-
ward block tapping task and a verbally-based expressive
vocabulary task, whereas the second study (Studer-Luethi
et al., 2016) used a backward colour recall task and a
visually-based receptive vocabulary task. The studies

were of moderate to high quality (71-75%). Participants
in both studies were school-aged (average of 8-years-old).
Both studies indicated a weak, non-significant associa-
tion between backward spatio-temporal span tasks and
vocabulary (Senese et al. Fisher’s z = .15 [-.02, .32],
Studer-Luethi et al. Fisher’s z r = .02 [-.18, .22]).

Concurrent Array Tasks

Eleven studies contributed 14 datapoints (see Table 3) to
an analysis of concurrent array tasks. All studies used a
different task (see Table 1 for details). Four studies (Adams
et al., 1999; Blom et al., 2014; Meneghetti et al., 2020;
Stokes et al., 2017) with five datapoints examined spatially-
based concurrent array tasks, where the participants were
required to recall the spatial location of presented stimuli
(e.g., which fishbowl contained fish). One study (Obeid &
Brooks, 2018) required participants to recall both spatial
and visuo-perceptual (colour) features of a presented array,
and compare this to a second array (change detection). The
remaining six studies (Critten et al., 2018; Evans et al.,
2008; Laws, 2002; Palombo & Cuadro, 2020; Séguin et al.,
2009; Williams et al., 1977) with eight datapoints examined
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A — Spatio Temporal Span

1 second

1 second

1 second

B — Spatial Concurrent Array

Stimulus (5 seconds)

Responses (Recall)

EE

C — Visuo-Perceptual Concurrent Array

Stimulus (5 seconds)

HO A

Responses (Recognition)

YVen
AO®O

D — Executive Judgement

1 — Pick the odd shape 2 — Pick the odd shape

HAEN EEO

3 — Where was each
odd shape?

PHEPIEY

b o - -

Fig.2 Example of each subtype of Visual Memory Task. Note. Panel
A: Example spatio-temporal span task. Squares (green/grey) are high-
lighted one at a time (1 per second), and the participant must then re-
create the temporal sequence. Panel B: Example spatial concurrent
array task. A spatial display (left) is presented for a predetermined time
(5-seconds), after which the participant must recall (recreate) the spatial
display from a blank grid (right). Panel C: Example visuo-perceptual
concurrent array task. An array of shapes (left) is presented for a prede-

visuo-perceptual concurrent array tasks, where the partici-
pant was required to recall perceptual details of the pre-
sented stimuli (e.g., different objects or colours). All eight
tasks required participants to view an array with several
perceptually different objects (or colours), and then recog-
nise those items from a larger array (including distractors).
One task (Critten et al., 2018, result b) additionally required
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termined time (5-seconds), after which the response array (right) is pre-
sented, and participants indicate which shapes they recognise from the
original (first) array. Panel D: Example executive judgment task. Partici-
pants are first presented with a series of decisions to make (top row; pick
which is the odd/different shape). After making all the decisions, they
then must recall the location of each odd shape in the original order (i.e.,
triangle, then circle)

participants to indicate the recognised series of objects in
the order of presentation (e.g., which object was first in a
presented line, which was second, etc). Nine of the eleven
studies used a visually-based receptive vocabulary task, one
study used a verbally-based expressive vocabulary task,
and one study included both (visually-based) receptive and
expressive tasks. The majority of studies (seven) examined



Neuropsychology Review (2023) 33:803-833

821

Fig. 3 Forest Plot Showing
Pooled Correlations (Fisher’s
Z) for Spatio-Temporal Span
Tasks. Note. RE = Random
Effects

Adams et al. (1999)
Cornu et al. (2018)

Critten et al. (2018)

Laws (2002)

Meneghetti et al. (2020)
Michas & Henry (1994)
Montoya et al. (2019)
Senese et al. (2020)

van der Graaf et al. (2016)

RE Model

younger, mostly preschool-aged children (2—6 years), with
four studies examining predominately older children (5-11
years). Studies were of moderate to high quality (quality
scores 66—-88%, M = 77%).

Initially, all eleven studies (14 datapoints) were examined
in one meta-analysis, where the results indicated a mod-
erate, positive relationship between concurrent array tasks
and vocabulary tasks (pooled correlation = .46, 95% CI =
.34-.58, p < .001, see Fig. 4). However, there was signifi-
cant, moderate heterogeneity (2 =.032, Q(13) = 41.19, p
<.001, P =73%). Egger’s test indicated no publication bias
(p = .875), and the funnel plot appeared symmetrical (see
supplemental document Fig. S3b). No studies were overly
influential. Fail-safe N was 1,225. As there were a number
of non-independent datapoints within this analysis, a sen-
sitivity analysis was conducted (Brown & Tinsley, 2000),
which excluded (at random) the second datapoint for each
applicable study and then re-ran the analysis. The result was
very similar, suggesting little impact of non-independence:
pooled correlation = .43, 95% CI = .30-.56, p = <.001; 2
=.029, 0(10) = 28.72, p = .001, I* = 72%.

Given the significant heterogeneity, additional analyses
were undertaken. First, covariates were added into the ini-
tial model to determine if they could explain any of the
heterogeneity. Both covariates — age (mean age of partici-
pants), and vocabulary type (receptive or expressive) — were
non-significant (see supplemental document Table SO for
full results), and there was still significant, moderate het-
erogeneity (2 = .021, Q(10) = 22.37, p = .013, F = 54%).
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Therefore, subgroup analyses were conducted. Subgroup
analyses considered the spatial and visuo-perceptual array
tasks in two separate analyses (given these two types of
information are processed in different brain networks;
Goodale & Milner, 1992). One study (Obeid & Brooks,
2018) was not included in either subgroup analysis, as
the visual memory task required recall of both spatial and
visuo-perceptual information.

For the spatial concurrent array tasks, results revealed
a moderate, positive association with vocabulary tasks
(pooled correlation = .50, 95% CI = .24-.76, p < .001,
see Fig. 5a). Egger’s test indicated no publication bias (p
= .097), and the funnel plot appeared symmetrical (see
supplemental document Fig. S3c). Fail-safe N was 15.
However, there was significant, high heterogeneity (t* =
068, O(4) = .21.43, p <.001, I =80%). This was unlikely
to be due to study quality, as all studies were of high qual-
ity (75-85%, M = 80%). Visual inspection of the forest
plot (Fig. 4a) suggests that one particular study, Stokes
et al. (2017), may be driving this variability (although
weighting of those two datapoints was equivalent to the
other studies). However, the small number of datapoints
precluded analysing this statistically. Sensitivity analysis
demonstrated a similar result: pooled correlation = .42,
95% CI = .15-.69, p = .002; ©*> = .055 Q(3) = 13.851, p
=.003, I = 75%.

For visuo-perceptual concurrent array tasks, results
revealed a moderate, positive association with vocabulary
tasks (pooled correlation = .42, 95% CI = .29-.55, p <
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Fig.4 Forest Plot Showing
Pooled Correlations (Fisher’s
Z) for Concurrent Array Tasks
(all). Note. RE = Random
Effects
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.001, see Fig. 5b). Heterogeneity was moderate, but non-
significant (t° = .013, Q(7) = .11.95, p = .102, I? = 49%).
Egger’s test indicated no publication bias (p = .395), and
the funnel plot appeared symmetrical (see supplemental
document Fig. S3d). Fail-safe N was 426. Study quality
was overall moderate (61-88%, M = 71%). Sensitivity
analysis demonstrated a similar result: pooled correlation
=.38,95% CI = .26-.49, p = .<.001; t*> = .008 Q(5) =
6.765, p = .239, P = 40%.

Executive Judgement Tasks

Three studies using executive judgement tasks were
included in this analysis (Blom et al., 2014; Seigneuric
et al., 2000; Vukovic & Lesaux, 2013). All studies used
different executive judgment tasks and different types of
vocabulary tasks (including a visually-based receptive
vocabulary task, a visually-based expressive vocabulary
task, and a verbally-based expressive vocabulary task;
see Table 3 for details). Two studies recruited younger
participants (5—6 years), while the third study had older
participants (8—10 years). The results of the meta-analysis
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indicated a weak, positive association between executive
judgement tasks and vocabulary tasks (pooled correlation
=.29,95% CI = .14-.45, p < .001, see Fig. 6). Hetero-
geneity was very low (12 = .000, Q(2) = .181, p = .912,
P = 0%). Egger’s test indicated no publication bias (p =
.738), and the funnel plot appeared symmetrical (see sup-
plemental document Fig. S3e). No studies were flagged as
being overly influential. Fail-safe N was 13. Study quality
was moderate to high (63-87%, M = 73%).

Results of Narrative Synthesis

Seven additional studies were eligible for inclusion in the
current systematic review, however the tasks employed did
not map onto the three categories described above, and dif-
ferences between these seven studies precluded analysing
them as a singular subgroup. Thus, they were not subjected
to a meta-analysis, and are instead briefly summarised
below. Study characteristics and results of these seven stud-
ies are presented in Table 4. Studies were of moderate to
high quality (60-76%, M = 72%).

Three studies (Bock et al., 2015; Malone et al., 2020;
Veraksa et al., 2018) used tasks that involved multi-trial
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Fig.5 Forest Plots Showing
Pooled Correlations (Fisher’s Z)

A — Spatial Concurrent Array

for Concurrent Array Task Sub-
groups. Note. Random Effects.
Panel A: Forest plot for spatial
concurrent array tasks. Panel B:
Forest plot for visuo-perceptual
concurrent array tasks
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learning of visuospatial information. As one task (Loca-
tion Memory, Bock et al., 2015) used an error score as
the outcome, results across the three studies cannot be
directly compared. Correlations with expressive vocab-
ulary tasks (verbally-based in Bock et al. and Malone
et al., and visually-based in Veraksa et al.) overall
showed no association. Two studies (Barbosa et al., 2017,
Batnini & Uno, 2015) used visual memory tasks with a
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high load on visuo-motor skills (imitating hand move-
ments and figure drawing), yet the results were variable
and inconclusive. Wilson et al. (2018) used a complex
visual search task, requiring spatial working memory and
executive judgements. Although this shares some simi-
larities with the category of executive judgment tasks,
there was no requirement to recall the sequential presen-
tation of the information, and the use of an error score
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Fig.6 Forest Plot Showing
Pooled Correlations (Fisher’s Z)
for Executive Judgement Tasks.

Note. RE = Random Effects Biomehal- @0k}
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again precluded comparison with other results. Better
performance (less errors) was moderately correlated with
expressive vocabulary. Finally, Yoo and Yim (2018) was
the only study to use an n-back task, which requires con-
tinuous updating of task information in working memory.
There were moderate, nonsignificant correlations with
both receptive and expressive vocabulary.

Discussion

This systematic review and meta-analysis aimed to assess
the literature examining the association between visual
memory and vocabulary in neurotypical children aged 2-
to 12-years. Although strong evidence from infant studies
shows that early visual attention and memory processes
support later language and vocabulary abilities (Cetincelik
et al., 2021; Mundy et al., 2003; Ortiz-Mantilla et al., 2008),
research in older children has been highly variable to date
(e.g., Vugs et al., 2013). Hence, we aimed to consider and
elucidate this variability in three ways, by considering age,
aspects of visual memory tasks, and aspects of vocabulary
tasks. A total of 26 studies of moderate to high quality met
the inclusion criteria, and 19 studies ultimately contributed
to three separate meta-analyses.

Developmental Factors

Age was an important factor to consider, given the large
age range included in our meta-analysis (2- to 12-years).
During this period, there is rapid and extensive brain
growth and change (Courchesne et al., 2000; Shaw et al.,
2008), as well as development of visual memory (Allo-
way & Alloway, 2013; Anderson & Lajoie, 1996; Buss
et al., 2018; Gathercole et al., 2004; Pickering et al.,
2001) and general vocabulary knowledge (Ricketts
et al., 2020; Trautwein & Schroeder, 2017). Therefore,
mean age was included as a continuous variable in our
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meta-regressions (although see below for limitations
of this method). However, as meta-regression can only
be conducted when more than 10 datapoints are avail-
able (Deeks et al., 2020; Thompson & Higgins, 2002),
it was not always possible to consider age with statisti-
cal methods. In the two analyses where age was included
as a moderator (our initial grouping where all receptive
vocabulary tasks were considered together, and the over-
all concurrent array analysis), the contribution of age was
not significant. One additional analysis of spatial con-
current array tasks showed a potential age effect upon
visual inspection of the forest plot, where the results from
one study of younger children (Stokes et al., 2017, mean
age 3:;8) appeared to show a much stronger correlation
between spatial-array tasks and vocabulary compared to
the three other studies of slightly older children (Adams
et al., 1999; Blom et al., 2014; Meneghetti et al., 2020;
mean ages 5;0-5;6). While the small number of studies
in this analysis subgroup precluded statistical analysis
of potential age effects, it does suggest that age-related
effects likely occur, but were undetectable using current
analysis methods. Indeed, such a finding — that the asso-
ciation between visual memory and vocabulary decreases
with age — would be consistent with one previous study
(Henry & Maclean, 2003), and with several other studies
that have shown the association between auditory-verbal
memory and vocabulary to decrease with age (Gather-
cole et al., 1992; Rispens & Baker, 2012; Verhagen et al.,
2019). However, the exact impact of developmental fac-
tors requires further research with more appropriate study
designs (e.g., longitudinal studies).

Important Aspects of Visual Memory Tasks
To understand the potential impact of memory task selection

on the association between visual memory and vocabulary,
we grouped studies according to neuroscientific evidence
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that incoming visuo-perceptual information is primarily
processed by the ventral “vision for perception” pathway,
whereas spatial and temporal information is predominantly
processed by the dorsal “vision for action” pathway (Goodale
& Milner, 1992; Kravitz et al., 2011, 2013). This distinction
is supported by both neuroimaging and behavioural studies
of visual memory in children and adults (D'Esposito, 2007,
Eriksson et al., 2015; Pickering et al., 2001; Simmering
et al., 2015; Wager & Smith, 2003), and was also appar-
ent within our results. For instance, spatio-temporal span
tasks, which require sequential spatial processing likely sup-
ported by the dorsal visual stream, showed a weak associa-
tion with vocabulary. In addition, spatial concurrent array
tasks, where spatial distribution is expected to be preferen-
tially processed by the dorsal visual stream, were variable
(likely due to age factors discussed above). Further, con-
sistent with our hypothesis, visuo-perceptual array tasks,
theoretically associated with ventral visual stream process-
ing, showed a moderate association with vocabulary. This
is in line with neuroscientific understanding of both visuo-
perceptual processing and semantics (word meanings), as
both abilities are preferentially processed by the temporal
cortex (Deldar et al., 2021). Notably, our findings highlight
that the ability to perceive, process, and maintain in mind
visuo-perceptual details of a given visual scene may support
mapping the word to its meaning. Additionally, our findings
are consistent with recent models of early word learning in
toddlers, which highlight that key visual processes, such as
joint visual attention (i.e., following another’s gaze), spatial
attention (i.e., locating something or someone within a visual
scene), visual and spatial working memory (i.e., maintain-
ing aspects of the visual scene in mind), and multisensory
association (i.e., mapping a spoken word to a specific object
within a visual scene) support word-object mappings and
vocabulary development in the first years of life (Cetincelik
et al., 2021; Choudhury et al., 2007; Samuelson, 2021). Our
results, whilst only assessing some of these aspects, highlight
that visual processes continue to be associated with vocabu-
lary development in older children, although our findings do
suggest a stronger role for visuo-perceptual processes, rather
than the spatial processes more commonly investigated and
implicated in younger children. Indeed, as our findings did
differ across the different types of visual memory tasks, and
particularly between spatial and visuo-perceptual processing,
they demonstrate that this distinction can affect research find-
ings and that future research needs to consider these funda-
mental visual processing networks when assessing any visual
cognitive ability.

Further, application of this neuroanatomical view (i.e.,
comparing spatial processing via the dorsal visual stream
to visuo-perceptual processing via the ventral visual
stream) facilitates understanding of the apparent vari-
ability in the existing literature examining visual memory

abilities in children with Developmental Language Dis-
order (DLD). For instance, one of the most consistent
findings is that DLD children perform comparatively to
(and, in some cases, above) their age-matched neurotypi-
cal peers on spatio-temporal span tasks, such as Corsi-
style block tapping tasks (Archibald & Gathercole, 2006b,
2007; Arslan et al., 2020; Botting et al., 2013; Briscoe
& Rankin, 2009; Hutchinson et al., 2012; Lukéacs et al.,
2016; Lum et al., 2012; Petruccelli et al., 2012; Williams
et al., 2000; although see Bavin et al., 2005, and Jackson
et al., 2020, for contrary evidence). Results regarding spa-
tial array tasks are less clear, with some studies finding
DLD children are impaired on such tasks (recalling the
locations of sharks presented on a grid) relative to age-
matched neurotypical peers (a deficit which appears to
widen over time; Hick et al., 2005a, b), yet others finding
that DLD children perform comparatively to their peers on
two different spatial array tasks (recalling locations of dots
in a grid, and recalling paths through a maze; Hutchinson
et al., 2012; Lum et al., 2012; Vugs et al., 2017). This
variability in past DLD research is also in line with our
spatial array results. Regarding visuo-perceptual tasks, the
evidence base is smaller but consistent in finding that DLD
children are impaired (relative to age- and/or language-
matched neurotypical controls) on tasks of abstract pat-
tern recognition, pattern recall, and visual detail recall
(particularly simple visuo-perceptual details) (Bavin et al.,
2005; Botting et al., 2013; Kleemans et al., 2012; Leclercq
et al., 2012). This result appears consistent with our find-
ing that visuo-perceptual tasks are most clearly related
to vocabulary abilities. However, it is important to note
that children with DLD are a heterogenous group, and
research criteria for inclusion into studies of DLD can
vary significantly (Bishop et al., 2017; Reilly et al., 2014);
thus, there may be other unknown factors contributing to
how visual memory and vocabulary relate in this popula-
tion. Further research comparing different types of visual
memory tasks, in both DLD and neurotypical children,
combined with careful consideration of the inherent differ-
ences in how visual information is processed in the brain,
will be important steps to improve our understanding of
how such visual memory processes may support vocabu-
lary development.

Several other kinds of visual memory tasks were con-
sidered in the current review, including executive judg-
ment tasks, multi-trial learning, visuo-motor memory tasks,
and dynamic updating tasks (e.g., n-back tasks). Broadly
speaking, none of these areas showed any clear association
with vocabulary abilities, although this is based on a small
number of studies (n = 1-3 per subtype). More research is
needed in these areas to better understand potential rela-
tions with visual memory, in both neurotypical and DLD
children.
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Consideration of Vocabulary Tasks

In addition to examining types of visual memory tasks, it is
important to consider common aspects of vocabulary assess-
ment. Of most relevance to the current review is the fact
that most standardised measures of vocabulary (receptive or
expressive) are visually based. This was the case for 13/17
vocabulary tasks considered in the current review. Using
visual information to assist in the assessment of vocabu-
lary and verbal language skills inherently implies that the
child has the ability to process and understand the presented
visual information in order to demonstrate their vocabulary
knowledge. For instance, in most visually-based receptive
vocabulary tasks, the child hears a spoken word and must
match it to one of three or four pictures. Thus, they must
understand the semantic meaning of the verbally-presented
word, process the details of each picture, make a semantic
decision about what each picture represents, and then com-
pare this back to their understanding of what the spoken
word means. This relies heavily on visuo-perceptual process-
ing, which may have contributed to our primary finding (that
visuo-perceptual memory tasks were moderately associated
with vocabulary). Similarly, visually supported expressive
vocabulary tasks, which typically ask the child to name or
describe a picture or visual scene, require the child to be able
to accurately process the picture/scene, access the name of
the objects, and use verbally-based language to explain their
understanding; in this instance, accurate visuo-perceptual
and semantic processing must be intact in order for the child
to provide an accurate verbal description. The ability to hold
the visual information in mind, and access long-term seman-
tic knowledge relating to that information (i.e., visual short-
term, working, and long-term memory) would be required to
enable successful completion of such tasks. By considering
vocabulary assessment tasks in this wholistic way (i.e., the
interaction and integration of visual and language demands
of the tasks), we can better understand the various cognitive
and developmental processes that underlie the target skills
(i.e., understanding and using vocabulary appropriately),
and ultimately better support individuals with weaknesses
in these areas. However, more research using non-visual
vocabulary tasks (see Table S4 in the supplemental docu-
ment for examples) is required to fully elucidate the associa-
tions between visual memory and vocabulary without the
confound of visual processing in vocabulary

Moreover, the aspects of vocabulary under examina-
tion are also important. Evidence indicates that visu-
ally based abilities, such as visuo-perceptual short-term
memory and broader visual intelligence, have been
specifically associated with receptive language impair-
ment and not expressive language impairment (Nickisch
& Von Kries, 2009; Saar et al., 2018), suggesting there
may be differences between how visual memory relates
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to the different types of vocabulary. However, given few
included studies considered expressive vocabulary, and
the confound of visually based assessment discussed
above, further research is needed in this area to clarify
the relationships.

Limitations and Future Directions

This review has several limitations that need to be consid-
ered. Firstly, the results analysed were correlational. We
chose to use correlational data as our primary interest was
the association between visual memory and vocabulary, but
this choice means that more research is needed to determine
the exact nature of the relationship between visual memory
(or types thereof) and vocabulary. Further, only bivariate
correlations were used; whilst this was necessary to ensure
consistency across the statistics being compared, it does not
control for potential confounds, such as intellectual abili-
ties, or age. Whilst we attempted to account for age-related
factors, this is difficult in meta-analyses where the included
studies often each have a wide age range (as was the case
for most studies included in our review). Of the two options
available, using the mean age of participants as a continuous
variable or creating a dichotomous variable of ‘younger’ and
‘older’ participants, we chose the former as the literature
does not suggest a clear cut-point for grouping participants.
It is important to acknowledge, however, that mean age may
not be wholly representative of the sample in each study,
and may not fully account for age-related variance, which
may contribute to why significant age effects were not found.
Further research better designed to answer age and develop-
mental questions (such as cohort and longitudinal studies)
would therefore be useful in advancing our understanding of
the developmental course of visual memory and vocabulary
relations.

From a statistical standpoint, it is also important to
acknowledge that the relatively small number of studies
meeting our inclusion criteria did not allow for the applica-
tion of any quantitative statistical methods to compare our
correlation coefficients and meta-analysis outcomes. This
is because sample sizes within each visual memory sub-
group were not sufficiently powered to conduct such statis-
tical comparisons (Borenstein et al., 2009). Thus, we were
instead restricted to more qualitative comparisons. Whilst
statistical comparisons may have aided our understanding
of the outcomes, they would also need to be interpreted in
the context of heterogeneity, which was moderate to high
in many of our outcomes; thus, statistical comparisons are
unlikely have offered any additional, meaningful insight into
our results at this time. Hopefully, future research comparing
different aspects of visual memory will be able to include
such comparisons.
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This review is also limited by the kinds of visual memory
tasks available in the current literature. This limitation in
the studies available restricted both the power of analyses
(as some subtypes of visual memory tasks contained only a
few studies) and may also constrain theoretical interpreta-
tions in some instances. For example, the majority of tasks
used in the literature are traditional working memory span
tasks, predominantly based on the prominent multicompo-
nent view of working memory (Baddeley, 2012; Baddeley &
Hitch, 1974). However, more contemporary views of work-
ing memory are rejecting span and capacity-based models
in favour of more attention-driven models that highlight the
importance of flexibility and executive control, and incor-
porate neuroscientific understanding of dynamic working
memory processes in the brain (e.g., Adams et al., 2018;
Burgoyne et al., 2019; D'Esposito & Postle, 2015; Engle,
2018). Thus, moving forward, it will be important for
research considering visual working memory and vocabu-
lary to use tasks that best represent current theoretical under-
standing of relevant memory constructs and the neural net-
works that underpin their function.

Finally, as discussed above, future research into vocabu-
lary (and broader language) development, and associations
with visual memory, needs to carefully consider how par-
ticular vocabulary and memory tasks are chosen, as this
is likely to impact results. Whilst our primary considera-
tion of visual memory tasks was differentiating aspects of
visual processing (e.g., spatial versus visuo-perceptual),
more work considering how this may interact with other
aspects of memory processing (e.g., working versus long-
term memory) may be useful. It would also be useful for
future research to examine whether the association between
visual memory and vocabulary may vary depending on the
language spoken. Whilst our included studies covered a
range of languages (see Tables 3 and 4), and results appear
consistent across the various languages, small sizes per
language (other than English) precluded examining this
as another moderator, and thus the potential impact is
unknown. Additionally, the current review focussed on
vocabulary development, and primarily development of
general, concrete vocabulary (e.g., nouns and verbs which
are easily depicted pictorially). This constitutes just one
aspect of vocabulary, which is only one aspect of verbal
language. We chose to focus on this type of vocabulary
given it is the most commonly assessed (and used) in child-
hood, and because most of the previous work examining
how memory (visual or auditory-verbal) may support lan-
guage development has focused on this type of vocabulary.
Future research should attempt to extend understanding of
how visual memory (and visual cognition) supports lan-
guage and vocabulary abilities more generally. Further,
applying findings from the current review to children with
DLD specifically would be beneficial.

Conclusions and Implications

In summary, the current systematic review and meta-analysis
sought to better understand the association between visual
memory abilities and vocabulary in neurotypical children (up
to 12 years). Meta-analyses revealed that visuo-perceptual array
memory tasks were moderately associated with vocabulary,
suggesting that children with a greater ability to process, hold
in mind, and recall specific details of a presented visual scene
(such as specific colours or objects) also have greater vocabu-
lary knowledge (receptive vocabulary). In contrast, spatio-
temporal and executive judgement tasks showed only a weak
association with vocabulary. Other aspects of visual memory,
including spatial concurrent array tasks, visuomotor memory
tasks, multi-trial visuospatial learning, and dynamic visual
memory, were inconclusive and require more research. From
the available literature, other factors that may moderate this
relationship, such as age, intellectual functioning, schooling, or
variation in vocabulary task, also require further investigation.

From a clinical practice perspective, these results high-
light the need to assess visual cognition in children present-
ing with language difficulties, as they may have co-occurring
difficulties in this area (both visuospatial memory impair-
ment as identified in the current review, and potentially
reduced non-verbal intellectual functioning, see Gallinat &
Spaulding, 2014). Such assessments would typically fall to
neuropsychologists, who routinely assess non-verbal intel-
ligence and visual memory (Lezak et al., 2012). Indeed,
this would be in line with recent calls to consider DLD and
language impairments from a broader neuropsychological
perspective (rather than a narrow focus on speech/language
deficits; Tomas & Vissers, 2019), although consideration of
visual memory and broader visual cognition remains notably
absent from such accounts. Further, given that interventions
and supports for vocabulary development are often visually-
based (Steele & Mills, 2011), understanding a child’s visual
cognition is vital to ensuring these supports are appropri-
ately implemented.

From a research perspective, this review also highlights
the importance of understanding the different ways that
visual memory can be measured, and the need for research-
ers to carefully consider their choice of visual memory
task. In the current review, the only task included in more
than one study was the Corsi block tapping task (Corsi,
1972), yet this type of task had only a weak association with
vocabulary. Task choice, therefore, may have a consider-
able impact on the results, and the theoretical and clinical
implications that stem from such findings. This is equally
important for considering how vocabulary (and broader
language abilities) are assessed. Thus, future research into
both children with language impairment and vocabulary
development more broadly should pay close attention to the
various ways that visual information can be presented and
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encoded into memory, while ensuring that task selection
accurately reflects the aspects of the visual memory system
most related to the research question at hand. Ultimately,
this will allow for a more detailed understanding of how
memory abilities may support vocabulary development, and
guide successful, targeted, and wholistic interventions for
children with vocabulary and verbal language difficulties.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11065-022-09561-4.

Acknowledgements We thank our wonderful research assistant, Ms
Roman, for her assistance with initial screening of abstracts for this
review. We also thank Dr Murphy for methodological and statistical
assistance. This review was pre-registered with PROSPERO (registra-
tion no: CRD42019125132). Data forming an earlier version of this
paper was presented online at the 6™ Pacific Rim Conference, Mel-
bourne, Australia (July 2021) and online at the 1% International Devel-
opmental Language Disorder Research Conference (September 2021).

Author Contribution Hayley E Pickering: Conceptualization, Formal
analysis, Investigation, Methodology, Project administration, Writing
— Original Draft. Jessica L Peters: Investigation, Validation, Writing
—Review & Editing. Sheila G Crewther: Conceptualization, Methodol-
ogy, Validation, Writing — Review & Editing, Supervision.

Funding Open Access funding enabled and organized by CAUL and
its Member Institutions. This research did not receive any specific
grant from funding agencies in the public, commercial, or not-for-
profit sectors.

Availability of Data and Material Data included in the meta-analyses
are available here: https://doi.org/10.26181/6125e5b438a49

Code Availability N/A

Declarations

Ethics Approval N/A
Consent to Participate N/A

Consent for Publication N/A

Conflict of Interest The authors have no known conflicts of interest to
disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

References

Adams, A. M., Bourke, L., & Willis, C. (1999). Working memory
and spoken language comprehension in young children. Inter-
national Journal of Psychology, 34(5-6), 364-373. https://doi.
org/10.1080/002075999399701

Adams, E., Nguyen, A., & Cowan, N. (2018). Theories of working
memory: Differences in definition, degree of modularity, role of
attention, and purpose. Language Speech and Hearing Services
in Schools, 49. https://doi.org/10.1044/2018_lshss-17-0114

Akoglu, H. (2018). User’s guide to correlation coefficients. Turkish
Journal of Emergency Medicine, 18(3), 91-93. https://doi.org/
10.1016/j.tjem.2018.08.001

Alloway, T. P. (2007). Automated Working Memory Assessment
(AWMA). Pearson.

Alloway, T. P, & Alloway, R. G. (2013). Working memory across the
lifespan: a cross-sectional approach. Journal of Cognitive Psychol-
0gy, 25(1), 84-93. https://doi.org/10.1080/20445911.2012.748027

Alloway, T. P., & Elsworth, M. (2012). An investigation of cognitive
skills and behavior in high ability students. Learning and Indi-
vidual Differences, 22(6), 891-895. https://doi.org/10.1016/].
lindif.2012.02.001

Alloway, T. P., & Passolunghi, M. C. (2011). The relationship between
working memory, 1Q, and mathematical skills in children. Learn-
ing and Individual Differences, 21(1), 133—137. https://doi.org/
10.1016/j.1indif.2010.09.013

Anderson, V. A., & Lajoie, G. (1996). Development of memory and
learning skills in school-aged children: a neuropsychological per-
spective. Applied Neuropsychology, 3(3—4), 128—139. https://doi.
org/10.1080/09084282.1996.9645377

Anglin, J. M., Miller, G. A., & Wakefield, P. C. (1993). Vocabulary
development: a morphological analysis. Monographs of the Soci-
ety for Research in Child Development, 58(10), 1-186. https://
doi.org/10.2307/1166112

Archibald, L. M., & Gathercole, S. E. (2006a). Short-term and working
memory in specific language impairment. International Jour-
nal of Language & Communication Disorders, 41(6), 675—693.
https://doi.org/10.1080/13682820500442602

Archibald, L. M., & Gathercole, S. E. (2006b). Visuospatial immedi-
ate memory in specific language impairment. Journal of Speech,
Language, and Hearing Research, 49(2), 265-277. https://doi.
org/10.1044/1092-4388(2006/022)

Archibald, L. M., & Gathercole, S. E. (2007). The complexities of com-
plex memory span: Storage and processing deficits in specific
language impairment. Journal of Memory and Language, 57(2),
177-194. https://doi.org/10.1016/j.jm1.2006.11.004

Arslan, S., Broc, L., Olive, T., & Mathy, F. (2020). Reduced defi-
cits observed in children and adolescents with developmental
language disorder using proper nonverbalizable span tasks.
Research in Developmental Disabilities. https://doi.org/10.
1016/j.ridd.2019.103522

Baddeley, A. (2003). Working memory and language: an overview.
Journal of Communication Disorders, 36, 189-208. https://doi.
org/10.1016/S0021-9924(03)00019-4

Baddeley, A. (2012). Working memory: Theories, models, and contro-
versies. Annual Review of Psychology, 63(1), 1-29. https://doi.
org/10.1146/annurev-psych-120710-100422

Baddeley, A., Gathercole, S. E., & Papagno, C. (1998). The phonologi-
cal loop as a language learning device. Psychological Review,
105(1), 158-173. https://doi.org/10.1037/0033-295X.105.1.158

Baddeley, A., & Hitch, G. (1974). Working memory. In Psychology
of Learning and Motivation - Advances in Research and Theory
(Vol. 8, pp. 47-89). https://doi.org/10.1016/S0079-7421(08)
60452-1


https://doi.org/10.1007/s11065-022-09561-4
https://doi.org/10.26181/6125e5b438a49
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/002075999399701
https://doi.org/10.1080/002075999399701
https://doi.org/10.1044/2018_lshss-17-0114
https://doi.org/10.1016/j.tjem.2018.08.001
https://doi.org/10.1016/j.tjem.2018.08.001
https://doi.org/10.1080/20445911.2012.748027
https://doi.org/10.1016/j.lindif.2012.02.001
https://doi.org/10.1016/j.lindif.2012.02.001
https://doi.org/10.1016/j.lindif.2010.09.013
https://doi.org/10.1016/j.lindif.2010.09.013
https://doi.org/10.1080/09084282.1996.9645377
https://doi.org/10.1080/09084282.1996.9645377
https://doi.org/10.2307/1166112
https://doi.org/10.2307/1166112
https://doi.org/10.1080/13682820500442602
https://doi.org/10.1044/1092-4388(2006/022)
https://doi.org/10.1044/1092-4388(2006/022)
https://doi.org/10.1016/j.jml.2006.11.004
https://doi.org/10.1016/j.ridd.2019.103522
https://doi.org/10.1016/j.ridd.2019.103522
https://doi.org/10.1016/S0021-9924(03)00019-4
https://doi.org/10.1016/S0021-9924(03)00019-4
https://doi.org/10.1146/annurev-psych-120710-100422
https://doi.org/10.1146/annurev-psych-120710-100422
https://doi.org/10.1037/0033-295X.105.1.158
https://doi.org/10.1016/S0079-7421(08)60452-1
https://doi.org/10.1016/S0079-7421(08)60452-1

Neuropsychology Review (2023) 33:803-833

829

Barbosa, P. G., Jiang, Z., & Nicoladis, E. (2017). The role of work-
ing and short-term memory in predicting receptive vocabulary
in monolingual and sequential bilingual children. International
Journal of Bilingual Education and Bilingualism, 1-17. https://
doi.org/10.1080/13670050.2017.1314445

Batnini, S., & Uno, A. (2015). Investigation of basic cognitive predic-
tors of reading and spelling abilities in Tunisian third-grade pri-
mary school children. Brain and Development, 37(6), 579-591.
https://doi.org/10.1016/j.braindev.2014.09.010

Bavin, E. L., Wilson, P. H., Maruff, P., & Sleeman, F. (2005). Spatio-
visual memory of children with specific language impairment:
Evidence for generalized processing problems. International
Journal of Language and Communication Disorders, 40(3),
319-332. https://doi.org/10.1080/13682820400027750

Binder, J. R., Desai, R. H., Graves, W. W., & Conant, L. L. (2009). Where
is the semantic system? A critical review and meta-analysis of 120
functional neuroimaging studies. Cerebral Cortex, 19(12), 2767—
2796. https://doi.org/10.1093/cercor/bhp055

Bishop, D. V. M. (2006). What causes specific language impairment
in children? Current Directions in Psychological Science, 15(5),
217-221. https://doi.org/10.1111/j.1467-8721.2006.00439.x

Bishop, D. V. M., Snowling, M. J., Thompson, P. A., Greenhalgh, T.,
the CATALISE-2 consortium. (2017). Phase 2 of CATALISE: a
multinational and multidisciplinary Delphi consensus study of
problems with language development: Terminology. Journal of
Child Psychology and Psychiatry, 58(10), 1068—1080. https://
doi.org/10.1111/jcpp.12721

Blom, E., Kiintay, A. C., Messer, M., Verhagen, J., & Leseman, P.
(2014). The benefits of being bilingual: Working memory in bilin-
gual Turkish-Dutch children. Journal of Experimental Child Psy-
chology, 128, 105-119. https://doi.org/10.1016/j.jecp.2014.06.007

Bock, A. M., Gallaway, K. C., & Hund, A. M. (2015). Specifying links
between executive functioning and theory of mind during middle
childhood: Cognitive flexibility predicts social understanding.
Journal of Cognition and Development, 16(3), 509-521. https://
doi.org/10.1080/15248372.2014.888350

Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. R.
(2009). Introduction to meta-analysis. Wiley.

Botting, N., Psarou, P., Caplin, T., & Nevin, L. (2013). Short-term
memory skills in children with specific language impairment: the
effect of verbal and nonverbal task content. Topics in Language
Disorders, 33(4), 313-327. https://doi.org/10.1097/01.TLD.
0000437940.01237.51

Bowey, J. A. (2001). Nonword repetition and young children’s recep-
tive vocabulary: a longitudinal study. Applied Psycholinguistics,
22(3), 441-469. https://doi.org/10.1017/S0142716401003083

Briscoe, J., & Rankin, P. M. (2009). Exploration of a ‘double-jeopardy’
hypothesis within working memory profiles for children with
specific language impairment. International Journal of Language
& Communication Disorders, 44(2), 236-250. https://doi.org/10.
1080/13682820802028760

Brown, S. D., & Tinsley, H. E. A. (2000). Handbook of applied multi-
variate statistics and mathematical modeling. Academic Press.

Bullier, J. (2001). Integrated model of visual processing. Brain
Research Reviews, 36(2-3), 96—107. https://doi.org/10.1016/
s0165-0173(01)00085-6

Burgoyne, A. P., Hambrick, D. Z., & Altmann, E. M. (2019). Is work-
ing memory capacity a causal factor in fluid intelligence? Psy-
chonomic Bulletin & Review, 26(4), 1333—-1339. https://doi.org/
10.3758/513423-019-01606-9

Buss, A. T., Ross-Sheehy, S., & Reynolds, G. D. (2018). Visual work-
ing memory in early development: a developmental cognitive
neuroscience perspective. Journal of Neurophysiology, 120(4),
1472-1483. https://doi.org/10.1152/jn.00087.2018

Cambridge Cognition. (2006). CANTAB test administration guide.
Cambridge Cognition Limited.

Cetincelik, M., Rowland, C. F., & Snijders, T. M. (2021). Do the eyes
have it? A systematic review on the role of eye gaze in infant
language development. Frontiers in Psychology, 11, 16. https://
doi.org/10.3389/fpsyg.2020.589096

Choudhury, N., Leppanen, P. H. T., Leevers, H. J., & Benasich, A. A.
(2007). Infant information processing and family history of spe-
cific language impairment: Converging evidence for RAP deficits
from two paradigms. Developmental Science, 10(2), 213-236.
https://doi.org/10.1111/j.1467-7687.2007.00546.x

Cohen, M. (1997). Children's Memory Scale. Harcourt Brace &
Company.

Constantinidou, F., Danos, M. A., Nelson, D., & Baker, S. (2011).
Effects of modality presentation on working memory in school-
age children: Evidence for the pictorial superiority hypothesis.
Child Neuropsychology, 17(2), 173-196. https://doi.org/10.1080/
09297049.2010.525503

Constantinidou, F., & Evripidou, C. (2012). Stimulus modality and
working memory performance in Greek children with reading
disabilities: Additional evidence for the pictorial superiority
hypothesis. Child Neuropsychology, 18(3), 256-280. https://doi.
org/10.1080/09297049.2011.602013

Conti-Ramsden, G., & Durkin, K. (2012). Language development and
assessment in the preschool period. Neuropsychology Review,
22(4), 384-401. https://doi.org/10.1007/s11065-012-9208-z

Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and
stimulus-driven attention in the brain. Nature Reviews Neurosci-
ence, 3(3), 201-215. https://doi.org/10.1038/nrn755

Cornu, V., Schiltz, C., Martin, R., & Hornung, C. (2018). Visuo-spatial
abilities are key for young children’s verbal number skills. Jour-
nal of Experimental Child Psychology, 166, 604—620. https://doi.
org/10.1016/j.jecp.2017.09.006

Corsi, P. (1972). Human memory and the medial temporal region of the
brain. Dissertation Abstracts International, 34, 819B.

Courchesne, E., Chisum, H. J., Townsend, J., Cowles, A., Covington,
J., Egaas, B., Harwood, M., Hinds, S., & Press, G. A. (2000).
Normal brain development and aging: Quantitative analysis at
in vivo MR imaging in healthy volunteers. Radiology, 216(3),
672-682. https://doi.org/10.1148/radiology.216.3.r00au37672

Cowan, N., Aubuchon, A. M., Gilchrist, A. L., Ricker, T. J., & Saults,
J. S. (2011). Age differences in visual working memory capacity:
Not based on encoding limitations. Developmental Science, 14(5),
1066—1074. https://doi.org/10.1111/j.1467-7687.2011.01060.x

Critten, V., Campbell, E., Farran, E., & Messer, D. (2018). Visual
perception, visual-spatial cognition and mathematics: Associa-
tions and predictions in children with cerebral palsy. Research
in Developmental Disabilities, 80, 180-191. https://doi.org/10.
1016/j.ridd.2018.06.007

D’Esposito, M. (2007). From cognitive to neural models of working
memory. Philosophical Transactions of the Royal Society b: Bio-
logical Sciences, 362(1481), 761-772. https://doi.org/10.1098/
rstb.2007.2086

D’Esposito, M., & Postle, B. R. (2015). The cognitive neuroscience of
working memory. Annual Review of Psychology, 66, 115-142.
https://doi.org/10.1146/annurev-psych-010814-015031

Deeks, J. J., Higgins, J. P., & Altman, D. G. (2020). Chapter 10: Ana-
lysing data and undertaking meta-analyses. In J. P. Higgins & J.
Thomas (Eds.), Cochrane Handbook for Systematic Reviews of
Interventions, Version 6.1.

Deldar, Z., Gevers-Montoro, C., Khatibi, A., & Ghaz-Saidi, L. (2021).
The interaction between language and working memory: a system-
atic review of fMRI studies in the past two decades. AIMS Neuro-
science, 8(1), 1-32. https://doi.org/10.3934/Neuroscience.2021001

DeNigris, D., & Brooks, P. J. (2018). The role of language in temporal
cognition in 6- to 10-year-old children. Journal of Cognition and
Development, 19(4), 431-455. https://doi.org/10.1080/15248372.
2018.1483372

@ Springer


https://doi.org/10.1080/13670050.2017.1314445
https://doi.org/10.1080/13670050.2017.1314445
https://doi.org/10.1016/j.braindev.2014.09.010
https://doi.org/10.1080/13682820400027750
https://doi.org/10.1093/cercor/bhp055
https://doi.org/10.1111/j.1467-8721.2006.00439.x
https://doi.org/10.1111/jcpp.12721
https://doi.org/10.1111/jcpp.12721
https://doi.org/10.1016/j.jecp.2014.06.007
https://doi.org/10.1080/15248372.2014.888350
https://doi.org/10.1080/15248372.2014.888350
https://doi.org/10.1097/01.TLD.0000437940.01237.51
https://doi.org/10.1097/01.TLD.0000437940.01237.51
https://doi.org/10.1017/S0142716401003083
https://doi.org/10.1080/13682820802028760
https://doi.org/10.1080/13682820802028760
https://doi.org/10.1016/s0165-0173(01)00085-6
https://doi.org/10.1016/s0165-0173(01)00085-6
https://doi.org/10.3758/s13423-019-01606-9
https://doi.org/10.3758/s13423-019-01606-9
https://doi.org/10.1152/jn.00087.2018
https://doi.org/10.3389/fpsyg.2020.589096
https://doi.org/10.3389/fpsyg.2020.589096
https://doi.org/10.1111/j.1467-7687.2007.00546.x
https://doi.org/10.1080/09297049.2010.525503
https://doi.org/10.1080/09297049.2010.525503
https://doi.org/10.1080/09297049.2011.602013
https://doi.org/10.1080/09297049.2011.602013
https://doi.org/10.1007/s11065-012-9208-z
https://doi.org/10.1038/nrn755
https://doi.org/10.1016/j.jecp.2017.09.006
https://doi.org/10.1016/j.jecp.2017.09.006
https://doi.org/10.1148/radiology.216.3.r00au37672
https://doi.org/10.1111/j.1467-7687.2011.01060.x
https://doi.org/10.1016/j.ridd.2018.06.007
https://doi.org/10.1016/j.ridd.2018.06.007
https://doi.org/10.1098/rstb.2007.2086
https://doi.org/10.1098/rstb.2007.2086
https://doi.org/10.1146/annurev-psych-010814-015031
https://doi.org/10.3934/Neuroscience.2021001
https://doi.org/10.1080/15248372.2018.1483372
https://doi.org/10.1080/15248372.2018.1483372

830

Neuropsychology Review (2023) 33:803-833

Downes, M. J., Brennan, M. L., Williams, H. C., & Dean, R. S. (2016).
Development of a critical appraisal tool to assess the quality of
cross-sectional studies (AXIS). British Medical Journal Open,
6(12), e011458. https://doi.org/10.1136/bmjopen-2016-011458

Duff, D., Tomblin, J. B., & Catts, H. (2015). The influence of read-
ing on vocabulary growth: a case for a Matthew Effect. Journal
of Speech, Language, and Hearing Research, 58(3), 853-864.
https://doi.org/10.1044/2015_JSLHR-L-13-0310

Dunn, L. M., & Dunn, D. M. (2007). Peabody Picture Vocabulary Test
(4th ed.). Pearson.

Eadie, P., Levickis, P., McKean, C., Westrupp, E., Bavin, E., Ware,
R., Gerner, B., & Reilly, S. (2022). Developing preschool lan-
guage surveillance models - cumulative and clustering patterns of
early life factors in the Early Language in Victoria Study Cohort.
Frontiers in Pediatrics, 10, 826817. https://doi.org/10.3389/fped.
2022.826817

Egger, M., Smith, G. D., Schneider, M., & Minder, C. (1997). Bias in
meta-analysis detected by a simple, graphical test. British Medi-
cal Journal, 315(7109), 629-634. https://doi.org/10.1136/bmj.
315.7109.629

Elliott, C. D. (1983). British Ability Scales. Psychological Corporation.

Ellis, A. W., Burani, C., Izura, C., Bromiley, A., & Venneri, A. (2006).
Traces of vocabulary acquisition in the brain: Evidence from
covert object naming. Neurolmage, 33(3), 958-968. https://doi.
org/10.1016/j.neuroimage.2006.07.040

Engle, R. W. (2018). Working memory and executive attention: a
revisit. Perspectives on Psychological Science, 13(2), 190-193.
https://doi.org/10.1177/1745691617720478

Eriksson, J., Vogel, E. K., Lansner, A., Bergstrom, F., & Nyberg, L.
(2015). Neurocognitive architecture of working memory. Neuron,
88(1), 33-46. https://doi.org/10.1016/j.neuron.2015.09.020

Evans, M. A., Williamson, K., & Pursoo, T. (2008). Preschool-
ers’ attention to print during shared book reading. Scientific
Studies of Reading, 12(1), 106—-129. https://doi.org/10.1080/
10888430701773884

Gallinat, E., & Spaulding, T. J. (2014). Differences in the performance
of children with specific language impairment and their typically
developing peers on nonverbal cognitive tests: a meta-analysis.
Journal of Speech, Language, and Hearing Research, 57(4),
1363-1382. https://doi.org/10.1044/2014_JSLHR-L-12-0363

Gangopadhyay, 1., Davidson, M. M., Weismer, S. E., & Kaushanskaya,
M. (2016). The role of nonverbal working memory in morpho-
syntactic processing by school-aged monolingual and bilingual
children. Journal of Experimental Child Psychology, 142, 171—
194. https://doi.org/10.1016/j.jecp.2015.09.025

Gathercole, S. E., & Baddeley, A. (1989). Evaluation of the role of
phonological STM in the development of vocabulary in children:
a longitudinal study. Journal of Memory and Language, 28(2),
200-213. https://doi.org/10.1016/0749-596X(89)90044-2

Gathercole, S. E., Pickering, S. J., Ambridge, B., & Wearing, H.
(2004). The structure of working memory from 4 to 15 years of
age. Developmental Psychology, 40(2), 177-190. https://doi.org/
10.1037/0012-1649.40.2.177

Gathercole, S. E., Willis, C. S., Emslie, H., & Baddeley, A. (1992).
Phonological memory and vocabulary development during the
early school years: a longitudinal study. Developmental Psychol-
0gy, 28(5), 887-898. https://doi.org/10.1037/0012-1649.28.5.887

Goldfeld, S., O’Connor, M., Sayers, M., Moore, T., & Oberklaid, F.
(2012). Prevalence and correlates of special health care needs in
a population cohort of Australian children at school entry. Jour-
nal of Developmental & Behavioral Pediatrics, 33(4), 319-327.
https://doi.org/10.1097/DBP.0b013e31824a7b8e

Goodale, M. A., & Milner, A. D. (1992). Separate visual pathways for
perception and action. Trends in Neurosciences, 15(1), 20-25.
https://doi.org/10.1016/0166-2236(92)90344-8

@ Springer

Gregory, S., & Jackson, M. (2016). Joint attention enhances visual working
memory. Journal of Experimental Psychology: Learning, Memory,
and Cognition, 43, 237-249. https://doi.org/10.1037/xIm0000294

Grundy, J. G., & Timmer, K. (2017). Bilingualism and working memory
capacity: a comprehensive meta-analysis. Second Language Research,
33(3), 325-340. https://doi.org/10.1177/0267658316678286

Henry, L., & Maclean, M. (2003). Relationships between working
memory, expressive vocabulary and arithmetical reasoning in
children with and without intellectual disabilities. Educational
and Child Psychology, 20.

Hentges, R. F., Devereux, C., Graham, S. A., & Madigan, S. (2021).
Child language difficulties and internalizing and externalizing
symptoms: a meta-analysis. Child Development, 92(4), e691—
e715. https://doi.org/10.1111/cdev.13540

Hick, R., Botting, N., & Conti-Ramsden, G. (2005a). Cognitive abili-
ties in children with specific language impairment: considera-
tion of visuo-spatial skills. International Journal of Language
& Communication Disorders, 40(2), 137-149. https://doi.org/
10.1080/13682820400011507

Hick, R., Botting, N., & Conti-Ramsden, G. (2005b). Short-term
memory and vocabulary development in children with Down
Syndrome and children with Specific Language Impairment.
Developmental Medicine and Child Neurology, 47(8), 532-538.
https://doi.org/10.1111/j.1469-8749.2005.tb01187.x

Higgins, J. P., & Thompson, S. G. (2002). Quantifying heterogeneity
in a meta-analysis. Statistics in Medicine, 21(11), 1539—-1558.
https://doi.org/10.1002/sim.1186

Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003).
Measuring inconsistency in meta-analyses. British Medical Jour-
nal, 327(7414), 557-560. https://doi.org/10.1136/bmj.327.7414.
557

Hoff, E. (2014). Language Development (5th ed.). Cengage Learning.

Hooper, S. R., Costa, L.-J., McBee, M., Anderson, K. L., Yerby, D.
C., Knuth, S. B., & Childress, A. (2011). Concurrent and lon-
gitudinal neuropsychological contributors to written language
expression in first and second grade students. Reading and Writ-
ing, 24(2), 221-252. https://doi.org/10.1007/s11145-010-9263-x

Hutchinson, E., Bavin, E. L., Efron, D., & Sciberras, E. (2012). A com-
parison of working memory profiles in school-aged children with
Specific Language Impairment, Attention Deficit/Hyperactivity
Disorder, comorbid SLI and ADHD and their typically develop-
ing peers. Child Neuropsychology, 18(2), 190-207. https://doi.
org/10.1080/09297049.2011.601288

Jackson, E., Leitdo, S., Claessen, M., & Boyes, M. (2020). Working,
declarative, and procedural memory in children with Develop-
mental Language Disorder. Journal of Speech, Language, and
Hearing Research, 63(12), 4162-4178. https://doi.org/10.1044/
2020_JSLHR-20-00135

Jaeggi, S., Buschkuehl, M., Perrig, W., & Meier, B. (2010). The
concurrent validity of the N -back task as a working memory
measure. Memory, 18, 394—412. https://doi.org/10.1352/0895-
8017(2004)109%3c456: VAVWMD%3e2.0.CO;2

JASP Team. (2021). JASP (Version 0.14.1.0) [Computer software].
JASP. https://jasp-stats.org/

Joseph, R. M., McGrath, L. M., & Tager-Flusberg, H. (2005). Executive
dysfunction and its relation to language ability in verbal school-
age children with autism. Developmental Neuropsychology, 27(3),
361-378. https://doi.org/10.1207/s15326942dn2703_4

Kirk, S. A., & McCarthy, J. J. (1961). The Illinois test of psycholin-
guistic abilities — an approach to differential diagnosis. American
Journal of Mental Deficiency, 66, 399-412.

Kleemans, T., Segers, E., & Verhoeven, L. (2012). Naming speed as a
clinical marker in predicting basic calculation skills in children with
specific language impairment. Research in Developmental Disabili-
ties, 33(3), 882-889. https://doi.org/10.1016/j.ridd.2011.12.007


https://doi.org/10.1136/bmjopen-2016-011458
https://doi.org/10.1044/2015_JSLHR-L-13-0310
https://doi.org/10.3389/fped.2022.826817
https://doi.org/10.3389/fped.2022.826817
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/j.neuroimage.2006.07.040
https://doi.org/10.1016/j.neuroimage.2006.07.040
https://doi.org/10.1177/1745691617720478
https://doi.org/10.1016/j.neuron.2015.09.020
https://doi.org/10.1080/10888430701773884
https://doi.org/10.1080/10888430701773884
https://doi.org/10.1044/2014_JSLHR-L-12-0363
https://doi.org/10.1016/j.jecp.2015.09.025
https://doi.org/10.1016/0749-596X(89)90044-2
https://doi.org/10.1037/0012-1649.40.2.177
https://doi.org/10.1037/0012-1649.40.2.177
https://doi.org/10.1037/0012-1649.28.5.887
https://doi.org/10.1097/DBP.0b013e31824a7b8e
https://doi.org/10.1016/0166-2236(92)90344-8
https://doi.org/10.1037/xlm0000294
https://doi.org/10.1177/0267658316678286
https://doi.org/10.1111/cdev.13540
https://doi.org/10.1080/13682820400011507
https://doi.org/10.1080/13682820400011507
https://doi.org/10.1111/j.1469-8749.2005.tb01187.x
https://doi.org/10.1002/sim.1186
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1007/s11145-010-9263-x
https://doi.org/10.1080/09297049.2011.601288
https://doi.org/10.1080/09297049.2011.601288
https://doi.org/10.1044/2020_JSLHR-20-00135
https://doi.org/10.1044/2020_JSLHR-20-00135
https://doi.org/10.1352/0895-8017(2004)109%3c456:VAVWMD%3e2.0.CO;2
https://doi.org/10.1352/0895-8017(2004)109%3c456:VAVWMD%3e2.0.CO;2
https://jasp-stats.org/
https://doi.org/10.1207/s15326942dn2703_4
https://doi.org/10.1016/j.ridd.2011.12.007

Neuropsychology Review (2023) 33:803-833

831

Korkman, M., Kirk, U., & Kemp, S. (2007). NEPSY - Second Edition
(NEPSY-II). Harcourt Assessment.

Kravitz, D. J., Saleem, K. S., Baker, C. I., & Mishkin, M. (2011).
A new neural framework for visuospatial processing. Nature
Reviews Neuroscience, 12(4), 217-230. https://doi.org/10.1038/
nrn3008

Kravitz, D. J., Saleem, K. S., Baker, C. I., Ungerleider, L. G., &
Mishkin, M. (2013). The ventral visual pathway: an expanded
neural framework for the processing of object quality. Trends
in Cognitive Sciences, 17(1), 26—49. https://doi.org/10.1016/j.
tics.2012.10.011

Lanfranchi, S., Cornoldi, C., & Vianello, R. (2004). Verbal and visuos-
patial working memory deficits in children with down syndrome.
American Journal of Mental Retardation, 109, 456-466. https://
doi.org/10.1352/0895-8017(2004)109%3c456: VAVWMD %
3e2.0.CO;2

Langan, D., Higgins, J. P. T., Jackson, D., Bowden, J., Veroniki, A. A.,
Kontopantelis, E., Viechtbauer, W., & Simmonds, M. (2019). A
comparison of heterogeneity variance estimators in simulated
random-effects metaanalyses. Research Synthesis Methods,
10(1), 83-98. https://doi.org/10.1002/jrsm.1316

Laws, G. (2002). Working memory in children and adolescents with
down syndrome: Evidence from a colour memory experiment.
Journal of Child Psychology and Psychiatry, 43(3), 353-364.
https://doi.org/10.1111/1469-7610.00026

Laycock, R., Crewther, S. G., & Chouinard, P. A. (2020). Blink and
you will miss it: a core role for fast and dynamic visual process-
ing in social impairments in Autism Spectrum Disorder. Current
Developmental Disorders Reports, 7(4), 237-248. https://doi.org/
10.1007/s40474-020-00220-y

Leclercq, A.-L., Maillart, C., Pauquay, S., & Majerus, S. (2012). The
impact of visual complexity on visual short-term memory in chil-
dren with specific language impairment. Journal of the Interna-
tional Neuropsychological Society: JINS, 18(3), 501-510. https://
doi.org/10.1017/S1355617712000021

Lezak, M. D., Howieson, D. B., Bigler, E. D., & Tranel, D. (2012).
Neuropsychological Assessment (5th ed.). Oxford University
Press, Inc.

Lukacs, A., Ladanyi, E., Fazekas, K., & Kemény, F. (2016). Executive
functions and the contribution of short-term memory span in
children with specific language impairment. Neuropsychology,
30(3), 296-303. https://doi.org/10.1037/neu0000232

Lum, J. A. G., Conti-Ramsden, G., Page, D., & Ullman, M. T. (2012).
Working, declarative and procedural memory in specific language
impairment. Cortex, 48(9), 1138—1154. https://doi.org/10.1016/j.
cortex.2011.06.001

Malone, S. A., Burgoyne, K., & Hulme, C. (2020). Number knowledge
and the approximate number system are two critical foundations
for early arithmetic development. Journal of Educational Psy-
chology, 112(6), 1167-1182. https://doi.org/10.1037/edu0000426

Martin, N. (2006). The test of visual-perceptual skills-3 (non-motor) -
Revised. Psychological and Educational Publications.

McGregor, K. K., Oleson, J., Bahnsen, A., & Duff, D. (2013).
Children with developmental language impairment have
vocabulary deficits characterized by limited breadth and
depth. International Journal of Language & Communica-
tion Disorders, 48(3), 307-319. https://doi.org/10.1111/
1460-6984.12008

McKean, C., Reilly, S., Bavin, E. L., Bretherton, L., Cini, E., Conway,
L., Cook, F., Eadie, P., Prior, M., Wake, M., & Mensah, F. (2017).
Language outcomes at 7 years: Early predictors and co-occur-
ring difficulties. Pediatrics, 139(3). https://doi.org/10.1542/peds.
2016-1684

Meneghetti, C., Toffalini, E., Lanfranchi, S., & Carretti, B. (2020).
Path learning in individuals with down syndrome: the floor
matrix task and the role of individual visuo-spatial measures.

Frontiers in Human Neuroscience, 14, 107-107. https://doi.
org/10.3389/fnhum.2020.00107

Metcalfe, J. A., & Stratford, B. (1986). Development of perception
and cognitive abilities among nonhandicapped children and
children with Down Syndrome. Australia and New Zealand
Journal of Developmental Disabilities, 12(1), 65-78. https://
doi.org/10.3109/13668258609084070

Metsala, J. L. (1999). Young children’s phonological awareness and
nonword repetition as a function of vocabulary. Journal of
Educational Psychology, 91(1), 3—19. https://doi.org/10.1037/
0022-0663.91.1.3

Michas, I. C., & Henry, L. A. (1994). The link between phonologi-
cal memory and vocabulary acquisition. British Journal of
Developmental Psychology, 12(2), 147-163. https://doi.org/
10.1111/j.2044-835X.1994.tb00625.x

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & The, P. G.
(2009). Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLOS Medicine, 6(7),
e1000097. https://doi.org/10.1371/journal.pmed.1000097

Montoya, M. F., Susperreguy, M. 1., Dinarte, L., Morrison, F. J., San
Martin, E., Rojas-Barahona, C. A., & Forster, C. E. (2019). Execu-
tive function in Chilean preschool children: Do short-term memory,
working memory, and response inhibition contribute differentially
to early academic skills? Early Childhood Research Quarterly, 46,
187-200. https://doi.org/10.1016/j.ecresq.2018.02.009

Mous, S. E., Schoemaker, N. K., Blanken, L. M. E., Thijssen, S., van
der Ende, J., Polderman, T. J. C., Jaddoe, V. W. V., Hofman,
A., Verhulst, F. C., Tiemeier, H., & White, T. (2017). The
association of gender, age, and intelligence with neuropsycho-
logical functioning in young typically developing children: The
Generation R study. Applied Neuropsychology: Child, 6(1),
22-40. https://doi.org/10.1080/21622965.2015.1067214

Mundinano, I. C., Kwan, W. C., & Bourne, J. A. (2019). Retinotopic
specializations of cortical and thalamic inputs to area MT. Pro-
ceedings of the National Academy of Sciences of the United
States of America, 116(46), 23326-23331. https://doi.org/10.
1073/pnas.1909799116

Mundy, P., Fox, N., & Card, J. (2003). EEG coherence, joint attention
and language development in the second year. Developmental
Science, 6(1), 48-54. https://doi.org/10.1111/1467-7687.00253

National Institute of Mental Health. (2018). Definitions of the RDoC
Domains and Constructs. National Institute of Mental Health.
www.nimh.nih.gov/research-priorities/rdoc/definitions-of-the-
rdoc-domains-and-constructs.shtml

Nickisch, A., & Von Kries, R. (2009). Short-term memory (STM) con-
straints in children with Specific Language Impairment (SLI):
Are there differences between receptive and expressive SLI?
Journal of Speech, Language, and Hearing Research, 52(3),
578-595. https://doi.org/10.1044/1092-4388(2008/07-0150)

Norbury, C. F., Gooch, D., Wray, C., Baird, G., Charman, T., Simonoff,
E., Vamvakas, G., & Pickles, A. (2016). The impact of nonver-
bal ability on prevalence and clinical presentation of language
disorder: Evidence from a population study. Journal of Child
Psychology and Psychiatry, 57(11), 1247-1257. https://doi.org/
10.1111/jepp.12573

O’Connor, M., O’Connor, E., Quach, J., Vashishtha, R., & Goldfeld,
S. (2019). Trends in the prevalence and distribution of teacher-
identified special health-care needs across three successive popu-
lation cohorts. Journal of Paediatrics and Child Health, 55(3),
312-319. https://doi.org/10.1111/jpc.14192

O’Connor, M., Quach, J., & Goldfeld, S. (2020). Children on the edge:
Starting school with additional health and eevelopmental needs.
In R. Midford, G. Nutton, B. Hyndman, & S. Silburn (Eds.),
Health and Education Interdependence: Thriving from Birth to
Adulthood (pp. 75-89). Springer Singapore. https://doi.org/10.
1007/978-981-15-3959-6_5

@ Springer


https://doi.org/10.1038/nrn3008
https://doi.org/10.1038/nrn3008
https://doi.org/10.1016/j.tics.2012.10.011
https://doi.org/10.1016/j.tics.2012.10.011
https://doi.org/10.1352/0895-8017(2004)109%3c456:VAVWMD%3e2.0.CO;2
https://doi.org/10.1352/0895-8017(2004)109%3c456:VAVWMD%3e2.0.CO;2
https://doi.org/10.1352/0895-8017(2004)109%3c456:VAVWMD%3e2.0.CO;2
https://doi.org/10.1002/jrsm.1316
https://doi.org/10.1111/1469-7610.00026
https://doi.org/10.1007/s40474-020-00220-y
https://doi.org/10.1007/s40474-020-00220-y
https://doi.org/10.1017/S1355617712000021
https://doi.org/10.1017/S1355617712000021
https://doi.org/10.1037/neu0000232
https://doi.org/10.1016/j.cortex.2011.06.001
https://doi.org/10.1016/j.cortex.2011.06.001
https://doi.org/10.1037/edu0000426
https://doi.org/10.1111/1460-6984.12008
https://doi.org/10.1111/1460-6984.12008
https://doi.org/10.1542/peds.2016-1684
https://doi.org/10.1542/peds.2016-1684
https://doi.org/10.3389/fnhum.2020.00107
https://doi.org/10.3389/fnhum.2020.00107
https://doi.org/10.3109/13668258609084070
https://doi.org/10.3109/13668258609084070
https://doi.org/10.1037/0022-0663.91.1.3
https://doi.org/10.1037/0022-0663.91.1.3
https://doi.org/10.1111/j.2044-835X.1994.tb00625.x
https://doi.org/10.1111/j.2044-835X.1994.tb00625.x
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1016/j.ecresq.2018.02.009
https://doi.org/10.1080/21622965.2015.1067214
https://doi.org/10.1073/pnas.1909799116
https://doi.org/10.1073/pnas.1909799116
https://doi.org/10.1111/1467-7687.00253
http://www.nimh.nih.gov/research-priorities/rdoc/definitions-of-the-rdoc-domains-and-constructs.shtml
http://www.nimh.nih.gov/research-priorities/rdoc/definitions-of-the-rdoc-domains-and-constructs.shtml
https://doi.org/10.1044/1092-4388(2008/07-0150)
https://doi.org/10.1111/jcpp.12573
https://doi.org/10.1111/jcpp.12573
https://doi.org/10.1111/jpc.14192
https://doi.org/10.1007/978-981-15-3959-6_5
https://doi.org/10.1007/978-981-15-3959-6_5

832

Neuropsychology Review (2023) 33:803-833

Obeid, R., & Brooks, P. J. (2018). Associations between manual dex-
terity and language ability in school-age children. Language,
Speech, and Hearing Services in Schools, 49(4), 982-994.
https://doi.org/10.1044/2018_Ishss-17-0124

Ortiz-Mantilla, S., Choudhury, N., Leevers, H., & Benasich, A. A. (2008).
Understanding language and cognitive deficits in very low birth
weight children. Developmental Psychobiology, 50(2), 107-126.
https://doi.org/10.1002/dev.20278

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C.,
Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., & Moher, D. (2021).
Updating guidance for reporting systematic reviews: Development
of the PRISMA 2020 statement. Journal of Clinical Epidemiology,
134, 103-112. https://doi.org/10.1016/j.jclinepi.2021.02.003

Palombo, A.-L., & Cuadro, A. (2020). The incidence of visual-motor
processes in the acquisition of orthographic representations
in Spanish-speaking schoolchildren (La incidencia de los pro-
cesos perceptivo-motrices en la adquisicién de las representa-
ciones ortograficas en escolares hispanoparlante). Estudios De
Psicologia, 41(3), 490-509. https://doi.org/10.1080/02109395.
2020.1794718

Petruccelli, N., Bavin, E. L., & Bretherton, L. (2012). Children with
specific language impairment and resolved late talkers: Working
memory profiles at 5 years. Journal of Speech, Language, and
Hearing Research, 55(6), 1690-1703. https://doi.org/10.1044/
1092-4388(2012/11-0288)

Pickering, H. E., Peters, J. L., & Crewther, S. G. (2019). A systematic
review of the relationship between visual memory and vocabu-
lary during childhood (0—12-years) PROSPERO International
Prospective Register of Systematic Reviews. Available from
https://www.crd.york.ac.uk/prospero/display_record.php?ID=
CRD42019125132

Pickering, S.J., & Gathercole, S. E. (2001). Working Memory Test Bat-
tery for Children (WMTB-C). Psychological Corporation.

Pickering, S. J., Gathercole, S. E., Hall, M., & Lloyd, S. A. (2001).
Development of memory for pattern and path: Further evidence
for the fractionation of visuo-spatial memory. The Quarterly
Journal of Experimental Psychology Section A, 54(2), 397-420.
https://doi.org/10.1080/713755973

Rasmussen, C., Wyper, K., & Talwar, V. (2009). The relation between
theory of mind and executive functions in children with fetal
alcohol spectrum disorders. The Canadian Journal of Clinical
Pharmacology — Journal Canadien de Pharmacologie Clinique,
16, 370-380.

Reilly, S., Tomblin, B., Law, J., McKean, C., Mensah, F. K., Morgan,
A., Goldfeld, S., Nicholson, J. M., & Wake, M. (2014). Specific
Language Impairment: a convenient label for whom? Interna-
tional Journal of Language & Communication Disorders, 49(4),
416-451. https://doi.org/10.1111/1460-6984.12102

Rey, A., & Osterrieth, P. A. (1993). Translations of excerpts from
André Rey’s ‘‘Psychological examination of traumatic encepha-
lopathy’” and P. A. Osterrieth’s ‘“The complex figure copy test’’
(. Corwin & F. W. Bylsma, Trans.). The Clinical Neuropsy-
chologist, 7, 3-21. (Original works published in 1941 and 1944,
respectively).

Ricketts, J., Lervag, A., Dawson, N., Taylor, L. A., & Hulme, C. (2020).
Reading and oral vocabulary development in early adolescence.
Scientific Studies of Reading, 24(5), 380-396. https://doi.org/10.
1080/10888438.2019.1689244

Rispens, J., & Baker, A. (2012). Nonword repetition: the relative con-
tributions of phonological short-term memory and phonological
representations in children with language and reading impairment.
Journal of Speech, Language, and Hearing Research, 55(3), 683—
694. https://doi.org/10.1044/1092-4388(2011/10-0263)

Rosenthal, R. (1979). The file drawer problem and tolerance for null
results. Psychological Bulletin, 86(3), 638—641. https://doi.org/
10.1037/0033-2909.86.3.638

@ Springer

Saar, V., Levinen, S., & Komulainen, E. (2018). Cognitive profiles
of Finnish preschool children with expressive and receptive
language impairment. Journal of Speech, Language, and Hear-
ing Research, 61(2), 386—-397. https://doi.org/10.1044/2017_
JSLHR-L-16-0365

Samuelson, L. K. (2021). Toward a precision science of word learning:
Understanding individual vocabulary pathways. Child Develop-
ment Perspectives, 15(2), 117-124. https://doi.org/10.1111/cdep.
12408

Schmid, C., Zoelch, C., & Roebers, C. M. (2008). Das arbeitsgedéchtnis
von 4- bis 5-jahrigen kindern: Theoretische und empirische ana-
lyse seiner funktionen. [Working memory in 4- to 5-year-old
children: Theoretical issues and empirical findings.]. Zeitschrift
fiir Entwicklungspsychologie und Péddagogische Psychologie,
40(1), 2-12. https://doi.org/10.1026/0049-8637.40.1.2

Séguin, J. R., Parent, S., Tremblay, R. E., & Zelazo, P. D. (2009). Dif-
ferent neurocognitive functions regulating physical aggression
and hyperactivity in early childhood. Journal of Child Psychol-
ogy and Psychiatry, 50(6), 679-687. https://doi.org/10.1111/j.
1469-7610.2008.02030.x

Seigneuric, A., Ehrlich, M.-F., Oakhill, J., & Yuill, N. (2000). Work-
ing memory resources and children’s reading comprehension.
Reading and Writing, 13, 81-103. https://doi.org/10.1023/A:
1008088230941

Senese, V. P., Zappullo, 1., Baiano, C., Zoccolotti, P., Monaco, M., &
Conson, M. (2020). Identifying neuropsychological predictors of
drawing skills in elementary school children. Child Neuropsy-
chology, 26(3), 345-361. https://doi.org/10.1080/09297049.
2019.1651834

Shaw, P., Kabani, N. J., Lerch, J. P., Eckstrand, K., Lenroot, R., Gogtay,
N., Greenstein, D., Clasen, L., Evans, A., Rapoport, J. L., Giedd,
J. N., & Wise, S. P. (2008). Neurodevelopmental trajectories of
the human cerebral cortex. Journal of Neuroscience, 28(14),
3586-3594. https://doi.org/10.1523/jneurosci.5309-07.2008

Simmering, V. R., Miller, H. E., & Bohache, K. (2015). Different devel-
opmental trajectories across feature types support a dynamic field
model of visual working memory development. Attention, Per-
ception, & Psychophysics, 77(4), 1170-1188. https://doi.org/10.
3758/s13414-015-0832-6

Steele, S. C., & Mills, M. T. (2011). Vocabulary intervention for
school-age children with language impairment: a review of evi-
dence and good practice. Child Language Teaching and Therapy,
27(3), 354-370. https://doi.org/10.1177/0265659011412247

Stokes, S. F., Klee, T., Kornisch, M., & Furlong, L. (2017). Visuos-
patial and verbal short-term memory correlates of vocabulary
ability in preschool children. Journal of Speech, Language, and
Hearing Research, 60(8), 2249-2258. https://doi.org/10.1044/
2017_JSLHR-L-16-0285

Strauber, C. B., Sorcar, P., Howlett, C., & Goldman, S. (2020). Using a
picture-embedded method to support acquisition of sight words.
Learning and Instruction, 65, 101248. https://doi.org/10.1016/j.
learninstruc.2019.101248

Studer-Luethi, B., Bauer, C., & Perrig, W.J. (2016). Working memory
training in children: Effectiveness depends on temperament.
Memory & Cognition, 44(2), 171-186. https://doi.org/10.3758/
s13421-015-0548-9

Swanson, H. L. (1996). Swanson Cognitive Processsing Test. Pro-Ed.

Thompson, S. G., & Higgins, J. P. T. (2002). How should meta-regression
analyses be undertaken and interpreted? Statistics in Medicine,
21(11), 1559-1573. https://doi.org/10.1002/sim.1187

Tomas, E., & Vissers, C. (2019). Behind the scenes of developmental
language disorder: Time to call neuropsychology back on stage.
Frontiers in Human Neuroscience, 12(517). https://doi.org/10.
3389/fnhum.2018.00517

Tomblin, J. B., Records, N. L., Buckwalter, P., Zhang, X., Smith, E., &
O’Brien, M. (1997). Prevalence of specific language impairment


https://doi.org/10.1044/2018_lshss-17-0124
https://doi.org/10.1002/dev.20278
https://doi.org/10.1016/j.jclinepi.2021.02.003
https://doi.org/10.1080/02109395.2020.1794718
https://doi.org/10.1080/02109395.2020.1794718
https://doi.org/10.1044/1092-4388(2012/11-0288)
https://doi.org/10.1044/1092-4388(2012/11-0288)
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019125132
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019125132
https://doi.org/10.1080/713755973
https://doi.org/10.1111/1460-6984.12102
https://doi.org/10.1080/10888438.2019.1689244
https://doi.org/10.1080/10888438.2019.1689244
https://doi.org/10.1044/1092-4388(2011/10-0263)
https://doi.org/10.1037/0033-2909.86.3.638
https://doi.org/10.1037/0033-2909.86.3.638
https://doi.org/10.1044/2017_JSLHR-L-16-0365
https://doi.org/10.1044/2017_JSLHR-L-16-0365
https://doi.org/10.1111/cdep.12408
https://doi.org/10.1111/cdep.12408
https://doi.org/10.1026/0049-8637.40.1.2
https://doi.org/10.1111/j.1469-7610.2008.02030.x
https://doi.org/10.1111/j.1469-7610.2008.02030.x
https://doi.org/10.1023/A:1008088230941
https://doi.org/10.1023/A:1008088230941
https://doi.org/10.1080/09297049.2019.1651834
https://doi.org/10.1080/09297049.2019.1651834
https://doi.org/10.1523/jneurosci.5309-07.2008
https://doi.org/10.3758/s13414-015-0832-6
https://doi.org/10.3758/s13414-015-0832-6
https://doi.org/10.1177/0265659011412247
https://doi.org/10.1044/2017_JSLHR-L-16-0285
https://doi.org/10.1044/2017_JSLHR-L-16-0285
https://doi.org/10.1016/j.learninstruc.2019.101248
https://doi.org/10.1016/j.learninstruc.2019.101248
https://doi.org/10.3758/s13421-015-0548-9
https://doi.org/10.3758/s13421-015-0548-9
https://doi.org/10.1002/sim.1187
https://doi.org/10.3389/fnhum.2018.00517
https://doi.org/10.3389/fnhum.2018.00517

Neuropsychology Review (2023) 33:803-833

833

in kindergarten children. Journal of Speech, Language, and Hear-
ing Research, 40(6), 1245-1260. https://doi.org/10.1044/jslhr.4006.
1245

Trautwein, J., & Schroeder, S. (2017). How many words do children
know? A corpus-based estimation of children’s total vocabulary
size. Language Testing. https://doi.org/10.1177/0265532216641152

van der Graaf, J., Segers, E., & Verhoeven, L. (2016). Scientific rea-
soning in kindergarten: Cognitive factors in experimentation and
evidence evaluation. Learning and Individual Differences, 49,
190-200. https://doi.org/10.1016/].1indif.2016.06.006

Veraksa, A., Bukhalenkova, D., & Kovyazina, M. (2018). Language
proficiency in preschool children with different levels of execu-
tive function. Psychology in Russia: State of the Art, 11, 115-129.
https://doi.org/10.11621/pir.2018.0408

Verhagen, J., Boom, J., Mulder, H., de Bree, E., & Leseman, P. (2019).
Reciprocal relationships between nonword repetition and vocab-
ulary during the preschool years. Developmental Psychology,
55(6), 1125-1137. https://doi.org/10.1037/dev0000702

Veritas Health Innovation. (2019). Covidence Systematic Review Soft-
ware. www.covidence.org

Vugs, B., Cuperus, J., Hendriks, M., & Verhoeven, L. (2013). Visu-
ospatial working memory in specific language impairment: a
meta-analysis. Research in Developmental Disabilities, 34(9),
2586-2597. https://doi.org/10.1016/j.ridd.2013.05.014

Vugs, B., Hendriks, M., Cuperus, J., Knoors, H., & Verhoeven, L.
(2017). Developmental associations between working memory
and language in children with specific language impairment: a
longitudinal study. Journal of Speech, Language, and Hearing
Research, 60(11), 3284-3294. https://doi.org/10.1044/2017_
JSLHR-L-17-0042

Vukovic, R. K., Fuchs, L. S., Geary, D. C., Jordan, N. C., Gersten,
R., & Siegler, R. S. (2014). Sources of individual differences in
children’s understanding of fractions. Child Development, 85(4),
1461-1476. https://doi.org/10.1111/cdev.12218

Vukovic, R. K., & Lesaux, N. K. (2013). The language of mathematics:
Investigating the ways language counts for children’s mathemati-
cal development. Journal of Experimental Child Psychology,
115(2), 227-244. https://doi.org/10.1016/j.jecp.2013.02.002

Wager, T. D., & Smith, E. E. (2003). Neuroimaging studies of work-
ing memory: a meta-analysis. Cognitive, Affective, & Behavioral
Neuroscience, 3(4), 255-274. https://doi.org/10.3758/CABN.3.
4.255

Wasik, B. A., Hindman, A. H., & Snell, E. K. (2016). Book reading
and vocabulary development: a systematic review. Early Child-
hood Research Quarterly, 37, 39-57. https://doi.org/10.1016/].
ecresq.2016.04.003

Wechsler, D. (2011a). Escala de Inteligencia de Wechsler para Nifios
1V (WISC IV). Paid6s.

Wechsler, D. (2011b). Wechsler Abbreviated Scale of Intelligence -
Second Edition (WASI-1I). Pearson.

Wechsler, D. (2013). WMS-1V Escala de Memoria de Weschler-1V.
Pearson.

Whitehouse, A.J., Watt, H. J., Line, E. A., & Bishop, D. V. M. (2009).
Adult psychosocial outcomes of children with specific language
impairment, pragmatic language impairment and autism. Inter-
national Journal of Language & Communication Disorders,
44(4), 511-528. https://doi.org/10.1080/13682820802708098

Williams, A. M., Marks, C. J., & Bialer, 1. (1977). Validity of the Pea-
body Picture Vocabulary Test as a measure of hearing vocabulary
in mentally retarded and normal children. Journal of Speech and
Hearing Research, 20(2), 205-211. https://doi.org/10.1044/jshr.
2002.205

Williams, D., Stott, C. M., Goodyer, 1. M., & Sahakian, B. J. (2000).
Specific Language Impairment with or without hyperactivity:
Neuropsychological evidence for frontostriatal dysfunction.
Developmental Medicine and Child Neurology, 42(6), 368-375.
https://doi.org/10.1111/j.1469-8749.2000.tb00114.x

Wilson, J., Andrews, G., Hogan, C., Wang, S., & Shum, D. H. K.
(2018). Executive function in middle childhood and the rela-
tionship with theory of mind. Developmental Neuropsychology,
43(3), 163-182. https://doi.org/10.1080/87565641.2018.1440296

Wilson, J. L., Scott, J. H., & Power, K. G. (1987). Developmental dif-
ferences in the span of visual memory for pattern. British Journal
of Developmental Psychology, 5(3), 249-255. https://doi.org/10.
1111/5.2044-835X.1987.tb01060.x

Xu, C., & Lefevre, J.-A. (2016). Training young children on sequential
relations among numbers and spatial decomposition: differential
transfer to number line and mental transformation tasks. Devel-
opmental Psychology, 52(6), 854—866. https://doi.org/10.1037/
dev0000124

Yoo, J., & Yim, D. (2018). Relationship among executive functions,
vocabulary and reading skills in school-aged children with and
without poor vocabulary. Communication Sciences & Disorders,
23(3), 570-583. https://doi.org/10.12963/csd. 18523

Yu, C., Suanda, S. H., & Smith, L. B. (2019). Infant sustained attention
but not joint attention to objects at 9 months predicts vocabulary
at 12 and 15 months. Developmental Science, 22(1), e12735.
https://doi.org/10.1111/desc.12735

Zelazo, P. D., Jacques, S., Burack, J. A., & Frye, D. (2002). The rela-
tion between theory of mind and rule use: Evidence from persons
with autism-spectrum disorders. Infant and Child Development,
11(2), 171-195. https://doi.org/10.1002/icd.304

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1044/jslhr.4006.1245
https://doi.org/10.1044/jslhr.4006.1245
https://doi.org/10.1177/0265532216641152
https://doi.org/10.1016/j.lindif.2016.06.006
https://doi.org/10.11621/pir.2018.0408
https://doi.org/10.1037/dev0000702
http://www.covidence.org
https://doi.org/10.1016/j.ridd.2013.05.014
https://doi.org/10.1044/2017_JSLHR-L-17-0042
https://doi.org/10.1044/2017_JSLHR-L-17-0042
https://doi.org/10.1111/cdev.12218
https://doi.org/10.1016/j.jecp.2013.02.002
https://doi.org/10.3758/CABN.3.4.255
https://doi.org/10.3758/CABN.3.4.255
https://doi.org/10.1016/j.ecresq.2016.04.003
https://doi.org/10.1016/j.ecresq.2016.04.003
https://doi.org/10.1080/13682820802708098
https://doi.org/10.1044/jshr.2002.205
https://doi.org/10.1044/jshr.2002.205
https://doi.org/10.1111/j.1469-8749.2000.tb00114.x
https://doi.org/10.1080/87565641.2018.1440296
https://doi.org/10.1111/j.2044-835X.1987.tb01060.x
https://doi.org/10.1111/j.2044-835X.1987.tb01060.x
https://doi.org/10.1037/dev0000124
https://doi.org/10.1037/dev0000124
https://doi.org/10.12963/csd.18523
https://doi.org/10.1111/desc.12735
https://doi.org/10.1002/icd.304

	A Role for Visual Memory in Vocabulary Development: A Systematic Review and Meta-Analysis
	Abstract
	Introduction
	Vocabulary Growth Throughout Childhood

	Language and Visual Processing in the Brain
	The Current Review
	Method
	Information Sources and Search Strategy
	Eligibility Criteria and Study Selection
	Quality Assessment
	Data Extraction and Synthesis
	Data Analysis

	Results
	Study Selection
	Quality Assessment and Risk of Bias
	Study Characteristics and Data Synthesis
	Participant Characteristics
	Visual Memory Task Characteristics
	Vocabulary Task Characteristics

	Results of Meta-Analyses
	Receptive Vocabulary
	Expressive Vocabulary
	Spatio-Temporal Span Tasks
	Concurrent Array Tasks
	Executive Judgement Tasks

	Results of Narrative Synthesis

	Discussion
	Developmental Factors
	Important Aspects of Visual Memory Tasks
	Consideration of Vocabulary Tasks
	Limitations and Future Directions
	Conclusions and Implications

	Anchor 33
	Acknowledgements 
	References


