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ABSTRACT

This review evaluates the effectiveness of different types of working memory training on reading
performance among children with reading difficulties. Reading performance is closely related to
academic achievement whilst working memory (WM) serves as a crucial cognitive component to
reading. Some researchers believe that WM training can improve WM capacity, intelligence and oth-
er cognitive functions. However, whether the effect extends to reading performance has rarely been
examined. According to the multi-component WM model, the current review classifies WM training
into domain-general, domain-specific (verbal WM and visuospatial WM), and mixed training and
evaluates their effectiveness to reading ability correspondingly. According to the existing studies,
verbal WM training seems to be most effective for improving reading ability, while other types of
training show effects on WM or cognitive skills but only limited effects for reading. Limitations of
these findings and reasons for transfer failure are discussed.
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Introduction

Twenty years ago, Klingberg et al. (2002) first claimed that working memory (WM) training en-
hances the intelligence of children with attention deficit and hyperactivity disorder (ADHD) and
young adults without ADHD. The debate on whether WM training can benefit children’s academic
performance has not yet reached a consensus (e.g., Melby-Lervidg & Hulme, 2013; Shinaver et
al., 2014). Some researchers argue that short-term WM training positively affects both trained and
untrained WM tasks (Klingberg et al., 2005; Peng & Fuchs, 2017; Shinaver et al., 2014) and even
transfers to other fluid intelligence (Au et al., 2015; Jaeggi et al., 2008) and academic performance
(Shinaver et al., 2014). Other researchers argue that WM training only results in a short-term spe-
cific effect on trained WM tasks but cannot generalize to other cognitive tasks or “real-life” skills,
for example, reading (De Simoni & von Bastian, 2018; Melby-Lervag et al., 2016; Melby-Lervag
& Hulme, 2013). This review addresses WM training and its relation to reading performance in
children with reading difficulties.

Fluent reading is essential to acquiring knowledge and academic attainment (van den Broek &
Espin, 2012). Through reading, children build up basic knowledge about the world and subject-spe-
cific expertise. Unfortunately, not all students can acquire adequate reading skills naturally. About
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3 —10% of school-age children suffer from reading difficulties (Snowling, 2013) which is a common-
ly seen learning difficulty. Children with reading difficulties have difficulties in processing written
texts, including recognizing words and comprehending sentences. A shared characteristic of children
with learning difficulties is low WM capacity (Ashkenazi et al., 2013; Menon, 2016). Therefore, if
WM training improves WM capacity, as Klingberg (2010) suggests, intuitively, children with low
WM capacity have more room to improve. Thus, WM training might yield a positive outcome for
their WM capacity and reading performance. Nevertheless, Melby-Lervag et al. (2016) reported in
their meta-analysis that WM training improved similar WM task performance among children with
reading or other learning difficulties, but the effects can neither maintain for a long time nor transfer
to cognitive or academic abilities.

Given the current debate on the effectiveness of WM training on reading, we will review existing WM
training programs containing reading measurements under a classic multi-component WM model
framework (Baddeley, 1986). The framework contains four components, including central executive,
visuospatial sketchpad, phonological loop and episodic buffers. We selected primary studies based
on their training, assessment and participants: (1) contain working memory training components; (2)
adopt reading assessment in pretest and posttest; (3) focused on children/young adults with reading
difficulties or learning difficulties. We also include studies that focus on participants with learning
difficulties because reading difficulties are specific types of learning difficulties. 15 primary studies
were identified through this process. Then we will further explain why some WM training programs
yield limited enhancement in reading abilities while others show both promising near-transfer effects
on similar WM tasks as well as considerable far-transfer effects on reading among children with
reading difficulties.

The Nature of Working Memory

WM is an essential component in human cognition (Daneman & Carpenter, 1980). WM is indexed by
the ability to complete complex span tasks that simultaneously require storing and processing tem-
porary information (Baddeley, 1986), such as remembering items while presenting and conducting
mathematical operations simultaneously. WM is a reliable predictor of other cognitive abilities such
as general fluid intelligence (Engle, 2002) and thinking ability, including reasoning, comprehension
and problem-solving (Garcia-Madruga et al., 2016). It is also related to academic attainments such
as reading (Daneman & Carpenter, 1980; Engel de Abreu et al., 2011) and mathematical abilities
(Alloway & Passolunghi, 2011; Ashkenazi et al., 2013; Menon, 2016). For instance, WM at the age
of five predicts literacy and numeracy at 11 years old (Alloway & Alloway, 2010). Moreover, indi-
viduals with high WM have better attention control (Engle, 2002; Unsworth & Spillers, 2010) and
are less mind-wandering (Kane et al., 2007). Therefore, children with lower WM might experience
more obstacles in reading because they are less able to hold relevant information when encountering
interference and distraction (Engle et al., 1999).

According to the multi-component WM model, there are four components in the WM system (Bad-
deley & Hitch, 2019). The first is the central executive, which serves as a general attentional control
system that supervises and coordinates the whole process. The two short-term memory storage sys-
tems: visuospatial sketchpad and phonological loop, constitute the second and third components of
the model. They coordinate input information from different sources. Specifically, the visuospatial
sketchpad retains visual features such as colors and shapes, spatial features such as locations, and
haptic elements such as kinesthetic and tactile information. It is usually measured by tasks that entail
memorizing the locations of shapes or letters (Holmes et al., 2008). The phonological loop
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coordinates linguistic information from speech, music or sign language. It is usually measured by
verbal digit span (Woods et al., 2011), whereby participants need to remember digits and repeat them
forwards or backwards. The primary function of the visuospatial sketchpad and phonological loop
is storage but not processing. The fourth component, episodic buffer, could process multimodal in-
formation from different sources and is introduced to combine visuospatial and verbal information.
Furthermore, the episodic buffer can extract the long-term memory to incorporate into short-term
storage.

These four components can be classified as domain-general and domain-specific components. Do-
main-general components include the central executive and episodic buffer that process all kinds of
information. Domain-specific components are the phonological loop (verbal WM) and visuospatial
sketchpad (visuospatial WM) that process domain-specific information. WM deficits among indi-
viduals with learning difficulties manifest as domain-general constraints (i.e., poor in controlling
attention processing) and domain-specific constraints (i.e., inefficiency in processing phonological
information) (Swanson & Siegel, 2011). Furthermore, children with learning difficulties show asym-
metric abilities among two domain-specific components. For example, children with mathematical
difficulties show more visuospatial and numerical WM deficits, while children with reading difficul-
ties show more deficiencies in the verbal WM domain (Peng & Fuchs, 2016; Swanson, 2006; Swan-
son et al., 2009). As such, WM deficits can be subtyped according to WM components.

Central

Visuospatial Episodic Phonological
sketchpad buffer loop
£ 3 i ' 8
k. 4 L i ki
Visual Long-term
. Language
Semantics MEMory Eag

Figure 1. The multi-component WM model (Baddeley, 2000)

Reading, Reading Difficulties and Working Memory

The ultimate goal of reading is comprehension, which requires skilled word decoding and linguistic
comprehension (Gough & Tunmer, 1986). Visuospatial and verbal WM plays a vital role in decoding
words: visual letters are converted to sounds and sequentially enter the WM system and are stored
until all letters are combined as a word (Titz & Karbach, 2014). To comprehend, verbal WM retains
new language information whilst the episodic buffer connects new information to prior knowledge
and thus constructs and integrates the overall representation of the text materials.

The relation between reading and WM should be seen from a developmental point of view. For skilled
readers who can recognize words effortlessly, their WM resources are allocated more to the language
comprehension process than decoding (Peng et al., 2018) because their word recognition becomes
automatic. Therefore, reading relies more on verbal WM than visuospatial WM (Peng et al., 2018).
By contrast, for younger children or students with reading difficulties, it takes great effort for them
to retrieve phonological representations and find vocabulary information from the mental lexicon
(Savage et al., 2007; Swan & Goswami, 1997). Therefore, reading relies more on domain-general
20
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WM (Peng et al., 2018), because recognizing individual words and word meanings is more effortful
for emerging readers.

Children with reading difficulties show a common deficit in various WM measures (Gathercole et al.,
2006; Maehler & Schuchardt, 2009; Swanson et al., 2009) at both domain-specific and domain-gen-
eral levels. At the domain-specific WM level, children with reading difficulties perform consistently
worse than typically developing children in verbal WM tasks but not necessarily in visuospatial tasks
(Swanson et al., 2009). At the domain-general level, they lack attention control and WM strategies,
including rehearsal, updating and binding. Without good attention control, poor reading compre-
henders are less able to differentiate between important and less-important information and focus
on the more important inputs. For WM strategies, children who rehearse less have a shorter reten-
tion duration (O’Shaughnessy & Swanson, 1998). In addition, poor reading comprehenders perform
poorly in word updating tasks (Cornoldi et al., 2012) which require participants to identify the three
smallest objects from a list of objects. They also have a lower ability to bind verbal and visual stimuli
(i.e., binding shape to nonword), suggesting a poor cross-modal WM (Garcia et al., 2019; Toffalini
etal., 2019).

Poor WM limits the ability of children with reading difficulties to retain information in mind and re-
sist disturbance from unnecessary stimuli (Swanson & Jerman, 2007). To fully understand the texts,
students need to extract the meanings of every single word from their vocabulary storage and then
form them into a semantically understandable sentence. They also need to actively summarize the
immediate text and integrate it with previous content and background knowledge (Kintsch & Welsch,
1991). Students cannot comprehend well if they fail to retain the previous text and combine it with
new information because of low WM capacity. So, gradually, they lag behind their cohorts and have
poor comprehension skills and academic performance (Gathercole et al., 2006; Peng & Fuchs, 2016).
In sum, the general processing deficit in maintaining, updating and binding information and the spe-
cific deficit in verbal WM impede children’s reading ability.

Working Memory Training

Some researchers believe that WM capacity is flexible, and it can be improved by intensive training
(Gathercole et al., 2006; Shipstead et al., 2012). WM deficit is a fundamental impediment that pre-
vents children with reading difficulties from fulfilling their academic potential (Swanson & Siegel,
2011). Increases in WM capacity might make it easier for them to take up higher WM-demanding
tasks that are related to reading. For example, if children with reading difficulties can hold more
verbal information or retrieve semantic knowledge from their long-term memory faster, they can
read more fluently and accurately. Given this, it is worthwhile to explore whether WM training can
improve reading performance or not.

WM training can yield near- or far-transfer effects. The near-transfer effect is quantified as WM train-
ing results in the improvement of untrained WM tasks, while the far-transfer effect is the improve-
ment of other cognitive abilities and academic performance such as IQ and reading skills (e.g., Grop-
per et al., 2014; Shipstead et al., 2012). Previous research has found a small-to-medium near-transfer
effect immediately after training and in the long run, a small far-transfer effect on cognitive abilities,
no far-transfer to academic achievement in children with ADHD (Simons et al., 2016) and no signif-
icant far-transfer effect on verbal skills compared to untreated control groups (Melby-Lervag et al.,
2016). It seems that previous studies do not support the idea that WM training can have far-transfer
effects on reading ability.
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However, the null effect might merely be due to the wrong type of training protocol or paradigm. No
consensus has been reached on which WM component deficit is the primary reason impeding read-
ing development (Savage et al., 2007). Some researchers argue that the domain-general WM deficit
in processing and storage results in poor reading (de Jong, 1998). Others propose that verbal WM
storage shortage serves as the bottleneck to reading comprehension (Jorm, 1983). Whether dyslexic
children with verbal WM deficits would improve after receiving visuospatial WM training remains
to be investigated. Therefore, to evaluate whether WM training is useful at all, we classified different
ways of training WM before we assessed the effectiveness of each of them.

In the current review, in line with the multi-component WM model, we categorized WM training into
three types according to the training tasks: domain-general, domain-specific (verbal or visuospatial)
and mixed training. Some research studies focus on domain-general training (Chen et al., 2018; St
Clair[ I'Thompson et al., 2010; Swanson et al., 2010) to improve general processing ability, which is
critical for doing various tasks. Other studies only focus on one specific domain, such as verbal WM
or visuospatial WM (Peng & Fuchs, 2017; Wang et al., 2021). Others use a mixed method to train two
domain-specific components simultaneously (Dahlin, 2011; Yang et al., 2017). Additionally, we also
included some recent studies that move WM training outside the laboratory and integrate them as part
of a school project to foster reading ability and academic gains (Carretti et al., 2014; Garcia-Madruga
et al., 2016). Although there are also several types of training that affect working memory capacity,
including mindfulness training (Mrazek et al., 2013), neurofeedback (Wang & Hsieh, 2013), and
motor exercise (Koutsandréou et al., 2016), we only focus on training studies that target WM specif-
ically.

Domain-General WM Training: Central Executive and Strategy Training

Domain-general training targets improvements in the central executive functioning while processing
information. Strategy knowledge is a crucial domain-general ability in children’s WM development.
Strategy training such as rehearsal, clustering, association and elaborating facilitates children’s cen-
tral executive functioning efficiency in encoding, maintaining and retrieving information. Children
with reading difficulties usually have unstable strategy choices, which can reduce processing efficien-
cy (Swanson et al., 2010). Whether strategy training can benefit their central executive functioning
and reading will be discussed in this section.

Although strategy training seems to yield a significant training effect on the WM component, pre-
vious training studies found no effect in far-transfer to other tasks. For example, rehearsal training
can improve typically developing adults’ verbal WM and passage comprehension (Turley-Ames &
Whitfield, 2003). However, it might not be as effective in children with reading difficulties. In a study
by Swanson et al. (2010), 29 children with or without reading difficulties (10 — 11 years) received
10 to 15 minutes of rehearsal instruction, during which they were taught to repeat the material aloud
as many times as possible. In the immediate post-test, children with reading difficulties gained more
item recall than those without, suggesting strategy training helps children with reading difficulties
allocate WM resources more efficiently. However, the improvement of WM did not transfer to gains
in listening span performance, which is a task that requires students to comprehend the sentence and
then recall the last words of a series of sentences (Swanson et al., 2010). This finding seems reasona-
ble as the training lasted only 15 minutes; children, especially those with reading difficulties, may not
master the new strategy immediately. They may need more time to integrate new strategies into the
reading process before they can use them comfortably. Concludingly, we argue that a short training
session is not sufficient for WM improvement, which limits conclusions about the effectiveness
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of domain-general WM training drawn from this study. Moreover, even if training did improve WM
capacity, far-transfer to reading achievement requires more time before it can be seen (Shipstead et
al., 2012).

Elaborate encoding training is another domain-general training involving strategies such as grouping,
mental imagery and creating stories. A study that included some children (5 - 8 years) with special
education needs explored the effect of elaborate encoding training (St Clair( I Thompson et al., 2010).
Children in the intervention group were guided to use rehearsal and visual imagery strategies to
memorize story elements and then actively create new stories to help memorize them. The train-
ing duration was 30 minutes per day for six to eight weeks. Although the encoding training group
gained more in the verbal WM and mental arithmetic task than the control group, they did not show
far-transfer to standardized reading and mathematics tasks in the post-test or five-month follow-up.
Updating training is a type of central executive training that increases the neural activity in the stri-
atum along with reduced activity in frontoparietal networks (Dahlin et al., 2008), indicating more
automated general processing. 54 children with learning difficulties (10 — 11 years) participated in
either 20 days of updating training or no training (Chen et al., 2018). In the training group, children
had to remember several animals, letters and locations without being told how many items to hold, so
they updated their memory constantly. Although the training group showed improvements in verbal
WM and nonverbal reasoning while the control group did not, their reading ability (Chinese exam
score) did not improve significantly. Similarly, another WM updating training only found a transfer
effect to mathematical ability but not reading ability in seventh-grade students (10 — 13 years) with
learning difficulties (Zhang et al., 2018).

In sum, strategy training is a type of domain-general training which is designed to strengthen central
executive functioning. None of the abovementioned strategy trainings show any transfer to reading
performance. Moreover, the effect could not even transfer to less-similar WM tasks that use different
strategies or test materials. The lack of far-transfer effect appears to address the limitation of strategy
training: the generalizability of novice learners is limited to the similarity of task materials and the
required strategies. Younger learners or those with learning difficulties still find it difficult to gener-
alize the learned strategies from one domain to another (Brown, 1982). Therefore, domain-general
training only has a small effect on reading abilities.

Domain-Specific Training: Verbal and Visuospatial Working Memory Training

Verbal WM is a strong predictor of reading performance (Pham & Hasson, 2014). Impaired verbal
WM hinders phonological processing ability, such as blending and segmenting phonemes, and thus
it sets constraints on word decoding ability.

Only two studies focus on verbal WM training in children with or showing early traits of reading dif-
ficulties to our knowledge. The first study compares 58 first-grade children (7 years) at risk of learn-
ing difficulties who received a) verbal WM training only, b) verbal WM combined with rehearsal in-
struction, or ¢) no treatment (Peng & Fuchs, 2017). Children received 10 35-min one-on-one training
sessions over 10 days, which included four complex verbal WM tasks in each session that required
children to solve problems and answer verbally. In the rehearsal combination group, children learnt
to use a rehearsal strategy by saying the selected words aloud and repeatedly accompanied by verbal
WM training. Children who received rehearsal and verbal WM training gained significantly more in
untrained verbal WM and passage listening comprehension tasks than the control group. Children
who received only verbal WM training also outperformed the control group in passage listening
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comprehension. The results support that verbal WM training — especially accompanied by strategy
training — can strengthen reading skills as it helps improve comprehension. However, the study suf-
fered from underpowered analyses because of the small sample size (19 to 20 students in each group).
While this offers a promising result for verbal WM training, more studies should be done to examine
the effectiveness of verbal WM training on a larger scale.

Another study compared verbal WM training (phonological n-back) and visuospatial WM training
(visuospatial n-back) in children with dyslexia aged 9 - 10 years (Yang et al., 2017). The n-back
paradigm is a widely used WM task adopted by Jaeggi et al. (2008) as a training program. It requires
participants to process a series of stimuli and indicate whether the current stimulus matches the one
presented in n trials before. In the verbal WM training group, children received 15-min phonological
n-back training sessions per day for 15 days. The stimuli in the phonological n-back training group
were six Chinese vowels. In the visuospatial training group, the training procedure was identical to
the phonological training group, except that the training materials were visuospatial dots.

Compared to a passive control group, children who received verbal WM training had higher accuracy
in phonological awareness and decoding fluency at post-test, but they did not show any difference
in visual-orthographic awareness. By contrast, children who received visuospatial WM training did
not improve more in phonological awareness tasks in the post-test than controls, but there was an in-
teraction effect suggesting they performed better than controls in visual-orthographic awareness and
decoding fluency in the post-test.

The results demonstrate that the transfer between similar types of stimuli is more common than the
transfer between different types. When children receive adequate verbal training, they are more likely
to improve in verbal tasks. Similarly, when children receive training that uses visual stimuli such as
characters or images, they are more likely to enhance their visual-orthographic ability. The results
indicate that verbal and visuospatial WM training can help improve metalinguistic skills in different
ways and then enhance decoding ability.

In a nutshell, previous findings support that verbal WM training helps poor readers improve their
phonological WM and reading performance, although one study is slightly underpowered. Training
can strengthen verbal WM’s ability to hold and process phonological information, and thus it also has
a far-transfer effect on reading ability. Visuospatial training, on the other hand, improves children’s
visual ability so that they are more aware of the orthography of words. However, we cannot ignore
the limitation of previous studies, either small in sample size or using a passive control group. We
need more rigorous experimental designs to draw a more definite conclusion about the effectiveness
of domain-specific WM training on children’s reading ability.

Mixed Training (Combined Verbal and Visuospatial)

Combining various WM training tasks can increase students’ motivation and foster transfer effects
in a different context (von Bastian & Oberauer, 2014). Therefore, mixed training is often favored
by researchers or commercial programs. For example, a well-known commercial program Cogmed
(Shipstead et al., 2012), consists of 12 verbal and visuospatial WM tasks. Some research has found
that Cogmed showed a positive training effect on WM tasks and a long-term impact on reading ability
in typically developing children (for a meta-analysis, see Soderqvist & Bergman Nutley, 2015). In
contrast, others did not find a far-transfer effect on academic skills (for a meta-analysis, see Aksayli
etal., 2019).
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Three studies have evaluated the Cogmed training effect in individuals with reading difficulties or
severe learning difficulties. Dahlin (2011) compared the outcomes of upper elementary-school chil-
dren (9 — 12 years) with learning difficulties who received training (n = 42) and their untrained
counterparts (n =15). Children in the training group received daily 30-min computerized verbal and
visuospatial training for 20 to 25 days. Compared to an active control group, children who received
the training showed near-transfer in verbal WM processing and storage and visuospatial WM. There
was also a far-transfer to reading comprehension immediately after training which was maintained
for six months, despite there being no effect on decoding or orthographic skills. The results seem
to suggest that mixed verbal and visuospatial training serves as remediation for poor reading com-
prehension. However, a major deficit of that study is that the control group is not homogeneous but
borrowed from another study that targeted children with ADHD (Klingberg et al., 2005), making the
result less reliable.

The second study (Gray et al., 2012) compared mathematics training with the Cogmed WM training
program in 60 teenagers (12 — 17 years) with comorbid ADHD and severe learning difficulties. The
training was conducted four to five times per week, 45 minutes each, for five weeks. Children who
received WM training gained more in verbal WM than the mathematics training control group but
did not show any far-transfer to academic achievement in either decoding or comprehension. Anoth-
er Cogmed training program (Gropper et al., 2014) was evaluated with college students (28 years)
with learning difficulties. Students who received intensive WM training over five weeks gained sig-
nificantly more than the passive control group in trained WM, but there was no group difference in
training effects on untrained WM or reading fluency. The main limitation of this study is that 38% of
the participants in the experimental group did not complete follow-up tests, which resulted in under-
powered analysis.

Three studies shed light on other mixed WM training programs in children or young adults with dys-
lexia, yielding no transfer effect to language components. A six-week training program containing 18
45-min sessions consisted of 30% verbal short-term memory (STM) training games, 20% visuospa-
tial STM training games and 50% central executive training games. The training did not result in any
improvement in either near-transfer or far-transfer among 139 third graders (8 - 9 years) (Machler et
al., 2019). In another six-week mixed WM training (“CogniFit”) program (24 15-min sessions, total
duration: 6 hours), 41 undergraduate students (25 years) with dyslexia also did not show significant
improvement in word reading, pseudoword reading or reading comprehension (Shiran & Breznitz,
2011). The third study comparing mixed WM training and meta-linguistics skills training in second
and third-year elementary-school children (mean age = 8.4 years) with dyslexia showed that both
groups significantly improved on the word reading task, but only the meta-linguistic training group
gained more syllable awareness (Wang et al., 2021). However, because of the lack of an active con-
trol group, we cannot infer whether the growth in word reading ability was due to training or the
regular class curriculum. Also, there was no positive effect on syllable awareness in the WM training
group, indicating that WM training and meta-linguistic training target different aspects of the reading
process.

In sum, it is evident that most existing mixed training programs do not have a promising far-transfer
effect on any reading achievement. The only study that claimed to show some enhancement did not
include an active control group (Wang et al., 2021). The results of mixed training programs seem to
contradict the findings from domain-specific training. If verbal WM alone could improve reading
performance, mixed training that contains verbal WM training should also be effective. Therefore,

25



Cambridge

Educational

Researc| h

e-Journal 1

Cambridge Educational Research e-Journal | Vol. 9 | 2022

there might be other causes for the null effect. For example, either there were negative interactions
between different types of training due to cognitive overload or some training programs were poorly
executed in practice. Hence, we should be cautious when we explain these conflicting results because
those intervention studies are heterogeneous in nature. They used very different samples with a wide
range of ages and various medical conditions, for example, some with learning difficulties, and others
having ADHD; some are elementary-school students while others are adults.

Working Memory Training Embedded in Academic SKkills Training

The WM trainings mentioned above were all done in the laboratory. Some researchers have suggest-
ed that WM training conducted in a classroom setting showed positive outcomes and higher ecolog-
ical validity. Although these programs were done among typically developing children, they might
give us some insight into the reading difficulty group. For example, a classroom-based Cogmed
intervention program involving 50 children (9 - 11 years) with low academic attainment showed a
positive transfer effect in English using a standardized test (Holmes & Gathercole, 2014). Another
intervention program applied in the fourth and fifth-grade classrooms targeted at typically developing
children (9 - 11 years) also yielded significant improvements in reading ability (Carretti et al., 2014).
The researcher inserted 10 minutes of verbal WM training (recalling verbal material) and metacog-
nitive reflection into either a reading or listening comprehension training program. After 22 one-hour
training sessions, children in the reading comprehension training group demonstrated larger gains in
reading ability than children in the listening comprehension training group. The positive effect was
maintained 11 months after training.

These findings support that integrating WM training might be effective in an inclusive classroom
wherein children with low academic achievement and typically developing students receive an in-
tervention jointly. The effect is also influenced by the training modality (Carretti et al., 2014). Text-
based reading training might be more effective than listening comprehension training. Nevertheless,
no existing study has focused on students with reading difficulties. Future research can examine the
effectiveness of reading comprehension training combined with working memory training in this

group.

Discussion

This review investigated the effect of WM training on reading ability in the scope of children with
reading difficulties and examined whether different types of WM training according to the multi-com-
ponent WM model yield different transfer effects. Despite WM being strongly related to reading
skills and some training showing a transfer effect on untrained WM tasks, not all training programs
show a far-transfer effect on reading ability. The far-transfer effect is rarely seen in domain-general
or mixed training, but it is not uncommon in verbal WM training.

The present literature review suggests that verbal WM might be the most effective training method
among different types of WM training. Two studies (Peng & Fuchs, 2017; Yang et al., 2017) demon-
strate that verbal WM training positively affects decoding and listening comprehension within a rela-
tively short period. As cognitive training serves as a method for new skills acquisition (Gathercole et
al., 2019), the transfer effect manifests in the ability to apply the new skills to untrained tasks. Some
children with reading difficulties have low cognitive abilities before training, so they are less likely
to develop new skills or strategies within a short training period compared to typically developing
children. However, the two verbal WM training programs reviewed have the shortest training periods
yet yield positive results, indicating that appropriate short-term verbal WM training could be
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sufficient for developing transferable skills. Verbal WM training might also enhance children’s abil-
ities to hold phonological information. After repeated training, children can retain phonological in-
formation with less effort, and thus they can allocate more cognitive resources to process that infor-
mation.

Still, we should be cautious when drawing the conclusion that verbal WM is more useful than the
others. The training programs mentioned in the review have several limitations, including a small
sample size, underpowered analyses and a passive control group. More research with a more rigorous
research design should be done to investigate the effectiveness of verbal WM training on improving
reading ability.

Most interventions presented in the current review failed to transfer to reading ability. There might be
four reasons. Firstly, in strategy or central executive training, the far-transfer might reflect systematic
changes in strategy choices (von Bastian & Oberauer, 2014). Short-term training cannot help children
form a stable strategy choice. Even if children learn to adopt a new strategy in WM tasks, they can-
not spontaneously transfer it to other materials or cognitive tasks. Therefore, interventionists should
explicitly teach students how those strategies can be used in maintaining and processing information
during reading. Additionally, future studies could monitor children’s strategy choices before and after
the intervention to examine whether they adopt more stable and appropriate strategies following the
intervention.

Another explanation is that reading is a complex process which does not merely depend on cognitive
abilities but also on linguistic skills (Kim, 2017). Language skills such as phonological awareness,
syntactic awareness and inference skills explain large variances in reading performance. Even if WM
processing or capacity improves after training, poor language skills and learning abilities caused by
previous low WM set constraints on reading improvement. It takes time for WM improvement to
transfer to other language skills or learning processes before progress in academic achievement can
be seen.

The third possible explanation is related to the neural mechanisms of WM and WM training. Neural
changes in WM related areas after training provide the foundation for transfer effects to other cog-
nitive abilities that activate similar areas. WM tasks involve neural activities in frontoparietal net-
works whilst training increases the activities in the prefrontal cortex and the connectivity within the
prefrontal cortex, and the connectivity between the prefrontal and other brain regions (Constantinidis
& Klingberg, 2016). The reading network comprises a set of areas in the temporal (Broca’s area),
parietal (angular gyrus and precuneus) and frontal (attention control) lobes (Cattinelli et al., 2013).
Specifically, the transfer effect is domain-specific and only occurs when the training and testing tasks
have some cognitive components that involve overlapping cortical regions (Dahlin et al., 2008). The
WM network and reading network only share some common regions in the attention control network,
but domain-general WM training does not focus on attention control (but on processing or storage).
Therefore, it is not surprising to see such little transfer effects from domain-general WM training to
reading improvement. Lastly, the degree of transfer depends on similar structures, stimuli and para-
digms between tasks (Gathercole et al., 2019). The transfer effect is restricted when trained by visual
stimuli and tested by verbal materials. At the same time, the effect is more robust when transferring
among different types of stimuli within the same scope. For example, in Peng & Fuchs’s (2017)
study, verbal training adopted the naming pictures and solving puzzles paradigm, which contained
word and sentence-level verbal stimuli. The testing tasks used passage listening comprehension that
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included verbally presented sentences as well. When the training tasks and testing tasks use similar
verbal material, transfer between them is more likely to happen. Therefore, children in that program
demonstrated better performance in the listening comprehension task. Even though Cogmed training
programs consist of verbal training, the materials used for training are letters or digits, which is very
different from materials used in word recognition or reading comprehension tasks. Given that similar
training and testing material is the key to a significant far-transfer effect, teachers should use verbal or
text materials such as sentences if they want to apply WM training to the classroom. This is because
it is easier for children to adopt new strategies in the reading process through similar materials.

Conclusion

The present review categorized four types of WM training using the multi-component model and
evaluated their effectiveness in enhancing reading ability among children with reading difficulties.
They are domain-general/central executive training (strategy training), two domain-specific trainings
(verbal WM and visuospatial WM) and mixed training (combined different types of training), as well
as WM training programs embedded in academic skills training.

Despite the close relation between WM and reading ability, the existing WM training programs only
showed a limited impact on improving reading ability, if any. Among them, verbal WM training
seems to yield the most significant training effect in enhancing reading performance, probably due to
the close relation between verbal WM and reading development (Pham & Hasson, 2014). However,
there were limitations in the studies of current training programs, for example, small sample sizes
and short training periods, which means that we might not be able to draw any solid conclusion about
whether WM training can improve reading ability. That said, we could learn from the existing studies
and conduct further studies using verbal or text materials and more rigorous study designs to evaluate
the far-transfer effects on reading.
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