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 Development dyslexia (DD) is a common language disorder, that significantly 

affects children. Despite having ordinary intelligence, dyslexic people struggle 

with reading, writing, and comprehension in their native tongue. It is still unclear 

whether dyslexic kids have difficulties with visuo-spatial working memory. Using 

meta-analysis, this gap was filled. Applying a Boolean search on Web of Science 

was necessary to find the pertinent papers. Thirteen studies were analyzed. The 

average, standard deviation, and sample size for each task were extracted. There 

were large effect sizes between children with DD and their age-matched peers in 

terms of their visuo-spatial working memory. The findings imply that visuo-spatial 

working memory deficiencies in dyslexic children indicate that dyslexia might 

exhibit domain-general characteristics. We discovered during our research that the 

type of language used and the testing procedure could have an impact on the test 

outcomes. Therefore, future research should focus on the type of tasks or language.  
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Introduction 

 

Working memory is the cognitive system where information is stored and processed temporarily during complex 

cognitive tasks (A. Baddeley, 2000). Working memory has three subcomponents, namely the central executive 

(CE), the phonological loop (PL), and the visuospatial sketchpad (VSSP). The PL and VSSP are the two slave 

systems, which are also called short-term memory. The supervisory system is CE which has responsibility for 

controlling and manipulating the information stored in two subordinate systems (A. Baddeley, 1996, 2003), which 

is important in skills such as chess playing (A. Baddeley, 1992). It is usually related to the frontal lobe functions 

(A. Baddeley, 1996, 2003). The PL is dedicated to the temporary storage of verbal information as a peripheral 

system, and the VSSP is a limited capacity slave system designed for the temporary storage of visuo-spatial 

information (Moura et al., 2015). 

 

It has been suggested that working memory plays a crucial role in language processing (Gray et al., 2019). Verbal 

working memory has long been studied, whereas visuo-spatial working memory had not attracted great attention 

until the model of working memory proposed by Baddeley (1986). According to this model, visuo-spatial working 

memory (VSWM) is associated with perceptive-motor tracking (A. Baddeley et al., 1973; A. D. Baddeley & 

Lieberman, 2017), planning and preservation of motion sequences (Quinn & Ralston, 1986; Smyth & Pendleton, 



Du & Zhang 

296 

1989, 1990), visual image generation and memory (A. Baddeley et al., 1973), etc. Assessment of the working 

memory capacity comprises an important part in measures of children's cognitive capacity (Gray et al., 2019). 

Indeed, impairment of WM has been observed in many language disorders, such as in developmental language 

disorder (DLD) (A. Baddeley, 2003; Ebert & Kohnert, 2011). Developmental dyslexia is arguably also one of the 

disorders which can be defined via working memory capacity (Moura et al., 2015). 

 

Developmental dyslexia (DD), as a neurological disorder of genetic origin, has specific effects on reading 

(Galaburda et al., 1985). Dyslexic people have difficulty in reading, writing, and comprehension in their native 

language, although they have average intelligence. The growing research provides evidence that dyslexic children 

show deficits in verbal working memory (Menghini et al., 2011; Swanson et al., 2009; Wang & Gathercole, 2013; 

Willcutt et al., 2005). However, various recourses are utilized in visuo-spatial cognition and the auditory-verbal 

domain (Duff & Logie, 1999). Indeed, there is no consistency regarding whether the DD population have 

impairments in VSWM. Some studies evidenced the children with DD had substantial impairments in processing 

and memorising visuo-spatial materials (Menghini et al., 2011; Swanson et al., 1996, 2009; Wang & Gathercole, 

2013). Tracy’s (2017) research has shown that dyslexic children rely more on visual skills in spelling. Due to the 

conclusion, we can infer the children with DD have minor impairment on VSWM. Other studies found no 

significant deficit in VSWM of the DD population (Jeffries & Everatt, 2004).  

 

To summarise, challenging to our understanding is by the inconsistencies across studies. A meta-analysis was 

conducted to address this research gap to analyse the statistical data and expand conclusions drawn from studies 

with small numbers of participants. Meta-analysis provides greater statistical power and more confirmatory data 

analysis to extrapolate to the general population. To our knowledge, Swanson studied this topic with a meta-

analysis in 2009 without an absolute answer. Moreover, recent research on the VSWM capacity of the dyslexic 

population still has not offered a definite conclusion. Therefore, a new meta-analysis is indispensable to explore 

whether dyslexic children have deficits in VSWM.  

 

Hence, the current study investigated whether dyslexic children have deficits in VSWM than their typically 

developing children. It was hypothesized that the VSWM capacity of a healthy population is better than the of 

dyslexic children. 

 

Method 

Inclusion Criteria  

 

(1) Children with Development Dyslexia (DD) were included, who should previously be diagnosed with DD by 

experts such as child psychiatrists, developmental pediatricians, psychologists or child neurologists, whose score 

at reading fluency and accuracy measure was lower than the other children at the same age.  

(2) A group of typically developing control (TD) was included, with either age or language skills matched. 

(3) Participants in the original study should be under 18. 

(4) There were no restrictions regarding the participants' country, race, gender, and publication language. 
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Search Methods for Identification of Studies 

Database 

 

Due to time and effort limits, studies were identified only in Web of Science. Web of Science is an extensive, 

comprehensive, multidisciplinary database of core journal literature indexes, including science, social sciences, 

and the arts and humanities. 

 

Boolean Search Phrase 

 

We used Boolean search strategy to search for relevant records. A series of synonyms used to refer to DD and 

VSWM were included in the Boolean phrase to find the broadest possible range of research. It excludes research 

terminology, acquired language difficulties, case studies and studies on adults. The search terms are listed below:  

(ALL=("developmental dyslexia") OR ALL=(dyslexia) OR ALL=(DD) OR ALL=(dyslexic)) AND 

(ALL=(visuo-spatial working memory capacity*)OR ALL=(visual working memory capacity*)OR 

ALL=(visuo-spatial working memory measure*) OR ALL=(visuo-spatial working memory 

assessment*)) NOT ALL=(comorbid*) 

 

Data Collection and Analysis 

Selection of Studies 

 

To select appropriate articles, the inclusion criteria were applied. We first scanned the titles and abstracts of the 

identified records and then read the full texts of the remaining articles. The bibliographies of the studies which 

were included were read carefully for additional references (see Figure 1).  

 

Figure 1. The Sections Are Processed by a Flow Diagram 
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Reliability of Study Selection 

 

The first author selected the abstract and the full text independently. The second author completed the examination 

of the studies. 

 

Data Extraction 

 

Data from the 13 selected studies were entered into a spreadsheet (see Appendix A) guided by the PRISMA 

statement (Moher et al., 2009). The characteristics form included general information from each study (e.g. first 

author, publication year, language, and country of study), age and inclusion criteria of the DD population recruited, 

and task for VSWM assessment.  

 

The data necessary for the computation of effect sizes were extracted at this stage: the mean, standard deviation, 

task type, control type and sample sizes of at least one group of children with DD and a group of controls. At the 

same time, at this stage, we identified missing data and further excluded 21 studies. This data extraction yielded 

17 research findings from 13 studies. The results are summarised in Appendix B. 

 

Validity Assessment 

 

The data extraction grid also included a quality assessment section according to the Critical Appraisal Skills 

Programme list based on the cohort studies (Critical Appraisal Skills Programme, 2017). The results of the validity 

assessment are shown in Appendix 3. 

 

Computation of the Effect Sizes 

 

Hedge’s g was used to calculate the effect size for each research finding (Borenstein et al., 2021). In the current 

meta-analysis, the DD group mean was always subtracted from the TD group mean. To maintain consistency in 

the meta-analysis, when the number of errors were used to indicate the scores, inverted mean scores (e.g., M = 1 

becoming M = −1) was used as recommended by Lipsey and Wilson (2001). 

 

Data Analysis 

 

The data were analysed using the Review Manager (Version 5.4; The Cochrane Collaboration, 2020.) 

 

Assessment of Heterogeneity 

 

Heterogeneity refers to the difference in effect size among the study samples. Following Tawfik (2019), an 

indicator of heterogeneity is I2, together with the Tau2, its p-value, and Chi2. It is expressed in the percentage of 

total variability attributable to heterogeneity. Indicative I2 values of 25%, 50%, and 75% were used to benchmark 

the studies’ heterogeneity as low, moderate, or high (Higgins, Thompson, Deeks, & Altman, 2003).  
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Assessment of Reporting Biases   

 

Following Tawfik (2019), publication biases were checked using funnel plots. Asymmetry in the funnel plot 

would suggest a significant publication bias. 

 

 

For all presented analyses, a sensitivity analysis was performed to examine the impact of the potential outliers on 

the effect size estimates and heterogeneity. Removing each research from the model, the model was applied to all 

other studies. One outlier was indeed discovered: when Attree (2009) was removed from the model, the results 

were changed significantly. Hence, this article was removed from the analysis. 

 

Choice of Statistical Model 

 

Given the high heterogeneity of the studies included and chosen a random-effects model to conduct the statistical 

analysis. 

 

Results 

 

From Figure 2, we can see 16 studies and their respective OR (95% CI). The random-effect model revealed a 

significant effect (Z = 2.76, p = 0.006) and a large effect size indicating that the DD group perform worse than 

their TD peers (OR = -0.33, 95% confidence interval (CI) [-0.57, -0.10]). 

 

 

Figure 2. Random Effect Model Forest Plot for Comparison between DD and TD 

 

However, heterogeneity was large (I2 = 73%), Tau2 = 0.16, p < 0.00001, indicating unidentified sources of 

variability. There did not detect publication bias (see Figure 3). 
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Figure 3. Funnel Plot of the Publication Bias for Comparison between DD and TD 

 

When the two studies with Chinese were moved, from Figure 4, the random-effect model a significant effect (Z 

= 2.51, p = 0.01) and large effect size in favour of the DD group (OR = -0.33), 95% confidence interval (CI) [-

0.60, -0.07]. 

 

 

Figure 4. Random Effect model Forest Plot for Comparison between DD and TD Except for Chinese Speakers 

 

From the Figure 5, heterogeneity was large (I2 = 75%), Tau2 = 0.18, p < 0.00001, indicating unidentified sources 

of variability. There did not detect publication bias (see figure 5). 

 

 

Figure 5. Publication Bias Funnel Plot for Comparison between DD and TD Except for Chinese Speakers 
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Discussion and Conclusion  

 

To evaluate whether dyslexic children have impairments in VSWM capacity, a meta-analysis was conducted. As 

predicted, the significant effect size indicated that DD children performed worse in VSWM than healthy people. 

To assess the influences of different languages in VSWM, a subgroup analysis was applied. Both children whose 

L1 were alphabetic language and Chinese L1 children with dyslexia displayed a worse score in the VSWM tests. 

 

The main finding in current studies is that dyslexic children have impairments in VSWM, which is inconsistent 

with the previous meta-analysis by Swanson (2009). This result indicates that dyslexic children also have 

impairments in VVSP, suggesting that DD might be a domain-general disorder. This possible explanation 

coincides with previous studies on the Chinese dyslexic population. Chinese is a logographic language, and 

Chinese experts proposed that the Chinese dyslexic population has impairment in PL, which has been studied in 

the western country, and in VSWM. In our research, there are two studies on Chinese dyslexic children. The 

subgroup analysis found the consistent result that Chinese dyslexic children have impairment in VSWM no matter 

the language.  

 

However, the research by Attree in 2009 was found to be an outlier. The research used a virtual reality test, which 

is a different experimental method from traditional paradigms. Virtually reality (VR) test assesses children’s 

spatial memory in a real-life situation with VR technology (Attree et al., 2009). As the authors argued, a possible 

explanation could be that the dyslexic population might perform better on tasks that simulate the real world. 

Subsequent studies also revealed no statistical difference in performance between dyslexic and healthy university 

students in VR VSWM tests (Kalyvioti & Mikropoulos, 2013). This effect from the VR technology could result 

from the enhancing presence, the multisensory approach and the positive attitude that the children experience was 

recorded while using VR. Hence, VR tests are more adaptable for children (Kalyvioti & Mikropoulos, n.d.). VR 

tests are easy to understand and perform, leading to more accurate data. Whether testing methods influence the 

performance of dyslexic children deserves further investigation. 

 

In conclusion, our results demonstrated that compared with TD peers, dyslexic children have deficits in VSWM. 

However, whether language or task influences the results still needs further investigation. One limitation in our 

study is that we only researched in one database, and thus, the data we collected was not comprehensive. 

Regarding whether dyslexia children have impairments VSWM, we still need more evidence to offer a definite 

answer.  

 

References 

 

Attree, E. A., Turner, Mark. J., & Cowell, N. (2009). A Virtual Reality Test Identifies the Visuospatial Strengths 

of Adolescents with Dyslexia. CyberPsychology & Behavior, 12(2), 163–168. 

https://doi.org/10.1089/cpb.2008.0204 

Baddeley, A. (1992). Working memory. Science, 255(5044), 556–559. https://doi.org/10.1126/science.1736359 

Baddeley, A. (1996). Exploring the Central Executive. The Quarterly Journal of Experimental Psychology Section 



Du & Zhang 

302 

A, 49(1), 5–28. https://doi.org/10.1080/713755608 

Baddeley, A. (2000). The episodic buffer: A new component of working memory? Trends in Cognitive Sciences, 

4(11), 417–423. https://doi.org/10.1016/S1364-6613(00)01538-2 

Baddeley, A. (2003). Working memory: Looking back and looking forward. Nature Reviews Neuroscience, 4(10), 

829–839. https://doi.org/10.1038/nrn1201 

Baddeley, A. D., & Lieberman, K. (2017). Spatial working memory. In Exploring Working Memory (pp. 206–

223). Routledge. 

Baddeley, A., Grant, S., Wight, E., & Thomson, N. (1973). Imagery and visual working memory. In P. M. A. 

Rabbitt & S. Dornic (Eds.), Attention and Performance V. (pp. 205–217). Academic Press. 

Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2021). Introduction to meta-analysis. John 

Wiley & Sons. 

Duff, S. C., & Logie, R. H. (1999). Storage and processing in visuospatial working memory. Scandinavian Journal 

of Psychology, 40(4), 251–259. https://doi.org/10.1111/1467-9450.404124 

Ebert, K. D., & Kohnert, K. (2011). Sustained Attention in Children With Primary Language Impairment: A Meta-

Analysis. Journal of Speech, Language, and Hearing Research, 54(5), 1372–1384. 

https://doi.org/10.1044/1092-4388(2011/10-0231) 

Galaburda, A. M., Sherman, G. F., Rosen, G. D., Aboitiz, F., & Geschwind, N. (1985). Developmental dyslexia: 

Four consecutive patients with cortical anomalies. Annals of Neurology: Official Journal of the American 

Neurological Association and the Child Neurology Society, 18(2), 222–233. 

Gray, S., Fox, A. B., Green†, S., Alt, M., Hogan, T. P., Petscher, Y., & Cowan, N. (2019). Working Memory 

Profiles of Children With Dyslexia, Developmental Language Disorder, or Both. Journal of Speech, 

Language, and Hearing Research, 62(6), 1839–1858. https://doi.org/10.1044/2019_JSLHR-L-18-0148 

Higgins, J. P., Thompson, S. G., Deeks, J. J., & Altman, D. G. (2003). Measuring inconsistency in meta-analyses. 

BMJ, 327(7414), 557-560. 

Jeffries, S., & Everatt, J. (2004). Working memory: Its role in dyslexia and other specific learning difficulties. 

Dyslexia, 10(3), 196–214. https://doi.org/10.1002/dys.278 

Kalyvioti, K., & Mikropoulos, T. A. (2013). A virtual reality test for the identification of memory strengths of 

dyslexic students in higher education. J. Univers. Comput. Sci., 19(18), 2698-2721. 

Lipsey, M. W., & Wilson, D. B. (2001). Practical meta-analysis. SAGE publications, Inc. 

Menghini, D., Finzi, A., Carlesimo, G. A., & Vicari, S. (2011). Working Memory Impairment in Children with 

Developmental Dyslexia: Is it Just a Phonological Deficit? Developmental Neuropsychology, 36(2), 199–

213. https://doi.org/10.1080/87565641.2010.549868 

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Prisma Group. (2009). Preferred reporting items for 

systematic reviews and meta-analyses: the PRISMA statement. PLoS medicine, 6(7), e1000097. 

Moura, O., Simões, M. R., & Pereira, M. (2015). Working Memory in Portuguese Children with Developmental 

Dyslexia. Applied Neuropsychology: Child, 4(4), 237–248. 

https://doi.org/10.1080/21622965.2014.885389 

Quinn, J. G., & Ralston, G. E. (1986). Movement and Attention in Visual Working Memory. The Quarterly 

Journal of Experimental Psychology Section A, 38(4), 689–703. 

https://doi.org/10.1080/14640748608401621 



International Journal on Social and Education Sciences (IJonSES) 

 

303 

Review Manager (RevMan) [Computer program]. Version 5.4. The Cochrane Collaboration, 2020. 

Singh, J. (2013). Critical appraisal skills programme. Journal of Pharmacology and Pharmacotherapeutics, 4(1), 

76. 

Smyth, M. M., & Pendleton, L. R. (1989). Working Memory for Movements. The Quarterly Journal of 

Experimental Psychology Section A, 41(2), 235–250. https://doi.org/10.1080/14640748908402363 

Smyth, M. M., & Pendleton, L. R. (1990). Space and Movement in Working Memory. The Quarterly Journal of 

Experimental Psychology Section A, 42(2), 291–304. https://doi.org/10.1080/14640749008401223 

Swanson, H. L., Ashbaker, M. H., & Lee, C. (1996). Learning-Disabled Readers’ Working Memory as a Function 

of Processing Demands. Journal of Experimental Child Psychology, 61(3), 242–275. 

https://doi.org/10.1006/jecp.1996.0016 

Swanson, H. L., Xinhua Zheng, & Jerman, O. (2009). Working Memory, Short-Term Memory, and Reading 

Disabilities: A Selective Meta-Analysis of the Literature. Journal of Learning Disabilities, 42(3), 260–

287. https://doi.org/10.1177/0022219409331958 

Tawfik, G. M., Dila, K. A. S., Mohamed, M. Y. F., Tam, D. N. H., Kien, N. D., Ahmed, A. M., & Huy, N. T. 

(2019). A step by step guide for conducting a systematic review and meta-analysis with simulation data. 

Tropical Medicine and Health, 47(1), 46. https://doi.org/10.1186/s41182-019-0165-6 

Wang, S., & Gathercole, S. E. (2013). Working memory deficits in children with reading difficulties: Memory 

span and dual-task coordination. Journal of Experimental Child Psychology, 115(1), 188–197. 

https://doi.org/10.1016/j.jecp.2012.11.015 

Willcutt, E. G., Pennington, B. F., Olson, R. K., Chhabildas, N., & Hulslander, J. (2005). Neuropsychological 

Analyses of Comorbidity Between Reading Disability and Attention Deficit Hyperactivity Disorder: In 

Search of the Common Deficit. Developmental Neuropsychology, 27(1), 35–78. 

https://doi.org/10.1207/s15326942dn2701_3 

 

Author Information 

Yujie Du 

 https://orcid.org/0000-0002-7198-8373 

University of Toronto  

Canada  

Chenyi Zhang 

 https://orcid.org/0000-0003-2229-8859  

University of Cambridge  

United Kingdom  

Contact e-mail: cz344@cam.ac.uk 

 

  

https://doi.org/10.1207/s15326942dn2701_3


Du & Zhang 

304 

Appendix 1. Characteristic form 
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Appendix 2. Data extracted from the Articles 
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Appendix 3. Quality Appraisal [The quality of the studies is assessed according to these 

questions (Critical Appraisal Skills Programme, 2017)] 

 

 




