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A Review of Comprehension Subskills: A Scientometrics Perspective 

Abstract 

Even though the field of linguistics has witnessed a growth of research in the areas of 

comprehension (listening and reading) subskills, there is currently no universally accepted 

taxonomy for categorizing them. Using a dataset of 192 publications, a document co-citation 

analysis was conducted. Eighteen discrete research clusters were identified, comprising 73 

empirically investigated comprehension subskills, of which 55 were related to first language (L1) 

comprehension and 18 were associated with second language (L2) comprehension. Fifteen 

research clusters (83.33%) were focused on lower-order L1 processing abilities in reading such 

as orthographic processing and speeded word reading. The remaining three clusters were 

relatively small, and focused on L2 comprehension subskills. The list of subskills was visualized 

in the form of a codex that serves as the first integrative framework for empirically investigated 

comprehension subskills and processing abilities. The need for conducting experimental 

investigations to improve the understanding of L2 comprehension subskills was highlighted.  

Keywords: co-citation; comprehension; listening and reading subskills; Scientometrics. 
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A Historical Overview of Comprehension Subskills 

Since the 1970s, the field of linguistics has witnessed a growth of research that is collectively 

regarded as listening / reading subskills (also known as microskills by Richards, 1989, and skills 

by Hall & Robinson, 1945; Wagner & Torgesen, 1987), despite the absence of a universally 

adhered-to taxonomy for categorizing those subskills. Research on subskills assumes that 

measurable subskills exist and can be differentiated for a variety of purposes such as providing 

diagnostic feedback to language learners (Aryadoust, 2019). Munby (1978) introduced an 

impressive list of 260 subskills, which he posited to be the underlying components of another set 

of 54 language macroskills. A number of the subskills in Munby’s list are relevant to 

comprehension such as “understanding explicitly stated information” (p. 126), making 

inferences, and understanding language functions such as interrogatives. Munby’s (1978) 

postulated framework, which inspired research on the notion of subskills, however, received 

criticism from scholars. Davies (1981), Skehan (1984), and Mead (1982) critiqued him for “the 

level of conjecture [the framework] relies upon” (Lumely, 1993, p. 212). Similarly, another 

taxonomy of listening subskills proposed by Richards (1983) was criticized for being anecdotal 

and based on author’s own perceptions and conjectures (Field, 2008).  

Early quantitative research on reading subskills often used factor analysis (Rosenshine, 

2017) instead of designing experimental studies. Researchers such as Langsam (1941), Davis 

(1944), Hall and Robinson (1945), Spearitt (1972), and Thorndike (1971) reported various 

subskills underlying reading assessments, many of which were mutually exclusive. Using factor 

analysis, Hall and Robinson (1945, p. 429) identified six reading subskills, including (i) attitude 

of comprehension accuracy, (ii) rate of inductive reasoning, (iii) verbal or word meaning, (iv) 

rate for unrelated facts, (v) chart reading skill, and (vi) an unidentifiable factor”. In another study 
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that used factor analysis, Davis (1944) identified a different set of subskills, which was met with 

criticism by Thurstone (1946). Thurstone argued that adoption of principal-axes factor analysis 

to separate components of reading was questionable, since the technique assumes that subskills 

are orthogonal (uncorrelated), whereas psychological and cognitive traits are correlated. In 

another study, Andrich and Godfrey (1978) used the unidimensional Rasch model to revisit one 

of the reading tests used by Davis and claimed they found evidence supporting Davis’s (1944) 

subskills. Andrich and Godfrey (1978) viewed the multi-divisibility of reading subskills to be 

analogous to the differences in their difficulty level and whether the tasks purportedly measuring 

subskills were of the same difficulty level. Contrary to these findings, Thorndike (1971) claimed 

that reading as a cognitive process is not divisible into subskills (see also Lennon, 1962, for a 

review of factor analysis studies of reading subskills).  

 In recent years, the investigation of reading and listening subskills has led to further 

empirically investigated taxonomies. For example, Goh and Aryadoust (2015) applied 

confirmatory factor analysis and reported multiple listening subskills with complex 

interdependencies such as inference-making and understanding surface information. Similarly, 

Aryadoust (2019), Chen and Chen (2016), Jang (2009), Kim (2015), Lee and Sawaki (2009), Li 

(2011), Sawaki, Kim, and Gentile (2009) applied cognitive diagnostic models and found multiple 

listening and reading subskills with some degrees of similarity across studies. In contrast, 

Wagner (2004) adopted exploratory factor analysis and only identified a unitary listening trait 

that did not support the subskills theory.  

 Despite the aforementioned investigations, the notion of comprehension subskills 

remained fairly vague. Thus, some authors suggested the use of comprehension processes or 

processing abilities as an alternative (Field, 2008). From this perspective, subskills in the second 
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language (L2) literature are regarded as static and product-oriented, whereas comprehension 

processes that are mainly found in the first language (L1) literature, are dynamic and process-

oriented (Field, 2008). It is unknown whether comprehension subskills research and processing 

line of research have discernable connections and, if so, whether these connections can be 

developed into a conceptualization framework that unifies process-based and subskill-based 

approaches. 

The Present Study 

The above-described historical overview of research highlighted the need for further 

investigating comprehension subskills. To address this gap in knowledge, a systematic survey of 

the literature was conducted in this study to determine the comprehension subskills that were 

empirically investigated in previous research. Previous publications such as the review of 

reading and listening theories (Aryadoust, 2019) and the review of the application of item 

response theory in evaluating human raters’ performance (Eckes, 2018) relied predominantly on 

the authors’ reputation or journal impact factors to survey and synthesize the concepts under 

investigation. Although these studies conducted keyword searches based on pre-determined 

selection criteria, the choice of publications was subjective as researchers delineated their 

publication corpora based on their familiarity with the publications. Such reviews could be 

biased as they were influenced by researchers’ personal opinions and cognitive limitations 

(Chen, 2006; Chen & Chen, 2016). Ideally, conducting such studies involves (i) identifying and 

analyzing influential publications and their references objectively and through keyword searches 

and (ii) reviewing the content of these publications to reveal empirically examined subskills.  

To fulfil the two aforementioned requirements, (i) a document co-citation analysis (DCA) 

(Chen, 2004, 2006; Chen, Song, Yuan, & Zhang, 2008) was performed to review the research on 
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comprehension subskills published since 1945, and (ii) an in-depth review of impactful 

publications was conducted to identify comprehension subskills. The DCA is a Scientometrics 

approach that is based on the frequency with which two publications are cited together in a third 

publication (Chen, Song, Yuan, & Zhang, 2008). If two publications receive high co-citations, it 

is likely that they are thematically connected with each other (Bar-Ilan, 2008). Thus, the DCA 

approach can identify research clusters with common themes linked via co-citations. In the 

current study, it was assumed that common themes linking publications within a cluster 

comprised comprehension subskills and that the subskills investigated in the cluster may be 

revealed through identifying discrete clusters.  

Although the bibliometric techniques used in previous research was useful (e.g., Arik & 

Arik, 2017; Lei & Liu, 2019), the use of Scientometrics in this study would provide a more 

insightful contribution to the field of applied linguistics, especially to comprehension research.  

Methodology 

Database 

A total of 18 publications was returned when the Web of Science Core Collection (WoS CC) was 

searched using “listening”, “reading”, and “subskill” (and “sub-skills”). This included all WoS 

indexes such as Social Sciences Citation Index (SSCI), Sciences Citation Index Expanded 

(SCIE), Arts and Humanities Citation Index (A&HCI), and others. Thus, Scopus was searched 

using two separate formula. For listening, “(TITLE-ABS-KEY (listening) AND TITLE-ABS-KEY 

("subskill") OR TITLE-ABS-KEY("sub-skill"))” was used and a total of 31 publications (from 

January 1979 to May 2019) were returned. In addition, “(TITLE-ABS-KEY (“reading”) AND 

TITLE-ABS-KEY (“subskill”) OR TITLE-ABS-KEY(“sub-skill”))” was used for reading, with a 

total of 167 publications identified (from January 1945 to May 2019). As some of the papers 
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overlapped across the two corpora, the merged corpus yielded 192 publications1, including the 

18 publications identified from WoS CC. The first publication on subskills indexed in the 

merged corpus was by Hall and Robinson (1945), and it was cited three times. Overall, the 

number of publications on comprehension subskills rose since 1945, reaching its peak in 2018 

and 2019 (each with 16 articles). The second and third peak years were 2013 (n=12) and 2012 

(n=10), respectively.   

 The United States (n=88), United Kingdom (n=18), Canada (n=15), and Australia (n=12) 

were the top four countries where the authors were based. The top five journals publishing 

articles on subskills were Reading and Writing (n=13), Journal of Educational Psychology (7 

papers), Language Testing (n=7), Journal of Learning Disabilities (n=5), and Journal of Literacy 

Research (n=5). There were 10 authors with three publications on subskills each (e.g. Aryadoust, 

V., Jackson, N.E., Jang, E.E., Kliewer, C., and Landi, N.), while 32 authors had two publications 

each (e.g. Bablekou, Z., Bekebrede, J., Biklen, D., Chrysochoou, E., and Coltheart, M.). The 

remaining authors had one publication each (e.g. Abbott, R.D., Abolfathiasl, H., Acha, J., Ahn, 

H.S., and Al-Busaidi, S.). Among the universities and institutes identified, Georgia State 

University had the highest number of publications on subskills (n=8). Six universities including 

the Universiteit van Amsterdam, Universitetet i Oslo, University of Texas at Austin, University 

of Washington (Seattle), University of Toronto, and Carnegie Mellon University had published 

five articles each, while the Pennsylvania State University, University of Haifa, Yale University, 

and Nanyang Technological University had two articles each.  

Bursts, Trends, and their Influence  

                                                           
1 The term “microskill” that was used by Richards (1983) did not return any relevant publications.  
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The CiteSpace computer package, version 5.3, (Chen, 2016) was employed to develop the DCA 

networks (Chen, 2016, 2017). 

Node selection. Node selection was conducted to select and form a final stable network. 

In this study, the Top N or Top N% per slice were adopted as they were two of the simplest and 

most efficient methods for node selection (Chen, 2006). 

Network development. The Scopus data were used to generate a DCA network to cluster 

co-citing documents. To examine the properties of the networks and clusters, several temporal 

and structural metrics of co-citation were adopted. Instances of temporal metrics included 

citation burstness and sigma (Σ) (Chen et al., 2010). Citation burstness occurs when a publication 

received considerable surge in citations and attention from the scientific community (Chen et al., 

2010). Thus, this metrics reflects either the most active research areas or the rising trend in the 

literature. Sigma was used to measure the potential novelty of publications, with larger indices 

indicating a higher likelihood of novel ideas in publications (Chen, 2016).    

In this study, structural metrics comprising the average silhouette score (Rousseeuw, 

1987), the modularity Q index (Newman, 2006), and the betweenness centrality (Freeman, 1977) 

were used to measure the structural quality of the networks. The average silhouette score was 

used to measure the quality of the clustering organization, with high scores signifying high 

quality of the clustering solution in the data (Chen, 2006; Freeman, 1977).  As for the modularity 

Q index, it reflects the divisibility extent of a network into smaller components (Chen, 2006). A 

high modularity Q index is achieved when the clustering of networks have little inter-cluster 

overlaps (Chen, 2006). Lastly, the betweenness centrality index was used to reflect the extent to 

which a node is able to connect other pairs of nodes in the network. This index was expressed as 
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a normalized score of unit intervals. A node with a high centrality score was not only closely 

related to other groups of nodes, but was located in between them.   

Visualization and labeling of clusters. After using the multidimensional methods 

described above to examine the properties and connections of network and clusters, a timeline 

view of the networks was generated to provide a clear mapping of publications across time 

(Chen, 2006; Cui, Liu, & Mou, 2017). Clusters were arranged horizontally across the timeline; 

this not only provided an overview of the development in the field or clusters over time, but was 

also an indication whether those development were sustained over the years. Further information 

concerning the publications’ relationship with other publications in the other time zones was 

yielded from the vertical distance of the clusters from each other (Chen, 2004).  

Cluster labelling was conducted automatically using the log-likelihood ratio (LLR) 

function within CiteSpace to compare the occurrences of terms in the citing articles (Dunning, 

1993). Importantly, the terms generated captured both the differences and similarities between 

the articles (Kuhn, 2009). Albeit its limitations (Authors, XXXX), the cluster labelling method of 

LLR was known to provide the best results in unique labelling with sufficient coverage (Chen, 

2010). To further enhance the labelling precision, the labels specified were extracted not only 

from the publication titles, but also from the suggested keywords and phrases in the articles and 

abstract. The content of the influential publications in each cluster were examined and their 

research methods, questions, and findings were also tabulated. Furthermore, imprecise titles for 

major clusters were also revised (Authors, XXXX). Importantly, this revision did not affect the 

precision of the clustering, as labeling was only conducted using LLR after the publications were 

clustered into separate groups. The subskills identified in each cluster were then visualized as a 

codex to represent a framework for listening and reading comprehension subskills. 
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Results 

Bursts, Trends, and Influence  

The DCA identified 28 clusters (Figure 1), 18 of which included one or more bursts and were 

thus substantial (Table 2 and Appendix1). Among the 18 clusters, five clusters (i.e., clusters 1, 2, 

3, 6, and 7) had more influential authors and publications and were therefore reviewed in Table 

1. The rest of the clusters were summarized in Appendix 1.  

The timeline visualization of the DCA network as illustrated in Figure 1 provided an 

overview of the development of research on subskills overtime (modularity Q = 0.9526; average 

silhouette score = 0.0962). The longest cluster depicted in the visualization was cluster 2. This 

cluster was automatically labeled “prose reading accuracy”, and was active from 1993 to 2013. 

New developments since 2007 were observed from the visualization, such as cluster 11 entitled 

“general certificate”. Large nodes in clusters 4 and 11 between 2009 and 2010 suggested that the 

publications within these two clusters were highly cited during this period, thus high citation 

bursts (Hou, Yang, & Chen, 2018). The timeline visualization also provided chronological 

information on the duration of activities of each cluster. For instance, cluster 2 (i.e., prose 

reading accuracy) had the longest active duration of approximately 16 years from 1994 to 2010. 

Based on their content, the titles of clusters extracted using LLR appeared largely reliable, 

although several titles in small clusters such as cluster 34 would require closer examination (note 

that cluster 34 was not among the 18 impactful research clusters). In addition, the title of cluster 

1 (“testing reading null”) was shortened to “testing reading” to improve its precision. 
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Figure 1. Visualization of the Document Citation Analysis network (Modularity Q = 0.9526; Average silhouette score = 0.0962). This 

figure was generated using CiteSpace computer package, version 5.3, (Chen, 2016).  
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Table 1 presents the 27 main publications that had a burst strength index above two (>2). 

Only three of the 27 (11.11%) influential publications (Alderson & Lukmani, 1989; Lee & 

Sawaki, 2009; Vandergrift & Goh, 2012) were about L2 comprehension subskills, while the rest 

focused on L1 comprehension. Among the top ten articles with the strongest citation burst, two 

of the articles from Bowers, P.G. and Wolf, M. had the strongest burst strength. Wolf and 

Bowers’s (1999) article had the strongest burst strength (3.8975; 2000 – 2007), while Bowers 

and Wolf’s (1993) article had a burst strength of 3.5595 (1995 – 2009). Share’s (1995), Manis, 

Seidenberg, Doi, McBride-Chang, and Petersen’s (1996), alongside Wagner, Torgesen, and 

Rashotte’s (1994) articles possessed comparable burst strength of 3.4954 with periods of burst 

ranging from 1995-1998, 1996-1998, and 1994-1998, respectively. Notably, the citation burst for 

Wolf and Bowers’s (1999) article had the longest duration span of seven years (i.e. 2000-2007). 

Several other articles had citation burst spans of five years (Bowers & Wolf, 1993, Ackerman & 

Dykman, 1993; Wimmer, 1993, Badian, 1993; Cain, Oakhill, & Bryant, 2004). Lastly, the Wolf 

and Bower’s (1999) article achieved burstness quickly within a year of publication while some 

other articles such as Wagner and Torgesen’s (1987), Bruck’s (1992), Stanovich and Siegel’s 

(1994), Hagtvet’s (1997) and Lee and Sawaki’s (2009) took a longer period of six years to 

become a burst. Overall, it took an average of three to four years for these publications to 

become a burst.  

The sigma indices presented in Table 1, however, were not remarkably high. The highest 

sigma index belonged to Torgesen, Wagner, and Rashotte (1997) (∑ = 1.23) and Bowers (1995) 

(∑ = 1.23). The highest betweenness centrality index also belonged to Bowers (1995) (centrality 

= 0.08), with other indices being closer or equal to zero.  

Table 1 
Publications with the Strongest Citation Bursts (DCA) 
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References  Burst 
strength Begin End Sigma Betweenness 

centrality 
Wolf & Bowers (1999)  3.8975 2000 2007 1.10 0.02 
Bowers & Wolf (1993)  3.5595 1995 2000 1.08 0.02 
Manis et al. (1996)  3.4954 1998 2002 1.00 0.00 
Share (1995) 3.4954 1998 2002 1.00 0.00 
Wagner et al. (1994) 3.4954 1998 2002 1.00 0.00 
Torgesen et al. (1997) 3.3978 2000 2004 1.23 0.06 
Berninger (2001), Book 3.0828 2004 2006 1.09 0.03 
Schatschneider, Carlson, Francis, Foorman, & 
Fletcher (2002) 3.0828 2004 2006 1.00 0.00 
Cain, Oakhill, & Bryant (2004) 2.6884 2006 2011 1.13 0.05 
Caravolas, Volín, & Hulme (2005)  2.6524 2007 2009 1.00 0.00 
Yopp (1988)  2.5869 1993 1995 1.00 0.00 
Wagner & Torgesen (1987)  2.5869  1993 1995 1.00 0.00 
Bowers (1995) 2.5497 2000 2002 1.23 0.08 
Stanovich & Siegel (1994) 2.5497 2000 2002 1.00 0.00 
Wagner et al. (1997)  2.5497 2000 2002 1.00 0.00 
McBridge-Chang & Manis (1996) 2.5497 2000 2002 1.00 0.00 
Bruck (1992)  2.5126 1998 2000 1.00 0.00 
Alderson & Lukmani (1989) 2.5108 1993 1997 1.00 0.00 
Bos, Mather, Dickson, Podhajski, & Chard (2001) 2.4668 2006 2009 1.00 0.00 
Lee & Sawaki (2009)  2.4604 2015 2016 1.03 0.01 
Vandergrift & Goh (2012) 2.4222 2017 2019 1.00 0.00 
Ackerman & Dykman (1993)  2.3715 1995 2000 1.06 0.02 
Wimmer (1993)  2.3715 1995 2000 1.00 0.00 
Badian (1993)  2.3715 1995 2000 1.03 0.01 
Hagtvet (1997)  2.3640 2003 2005 1.01 0.01 
Frost (2000)  2.3640 2003 2005 1.01 0.01 
Stage (2001)  2.3640 2003 2005 1.00 0.00 
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Discussion 

This article adopted a co-citation approach to identify comprehension subskills that were 

researched over the past few decades. To identify the impactful publications associated with 

comprehension subskills, the DCA was performed to compute the publications’ burst strength, 

sigma, and betweenness centrality. The estimation of burstness was based on the current dataset 

and did not factor in citations from other databases. For example, Wagner (1987) who researched 

“reading skills” and “phonological skills” in reading would likely have a larger burst strength if 

all citations of his paper were considered (i.e., approximately 4000 according to Google 

Scholar). In addition, the low sigma and betweenness centrality metrics indicated that the 

capacity for novelty in research and innovative ideas that potentially impact and connect 

different clusters need significant improvements. With more rigorous and controlled research 

methodologies such as experiments, the limited research novelty that was particularly evident in 

L2 comprehension research may be overcome. 

In the following section, a synthesis of the five major clusters identified (1, 2, 3, 6, and 7) 

are provided, alongside a summary of the top five clusters that are made with reference to the most 

influential studies in each cluster. These clusters exclusively focused on subskills in L1 reading 

(see Appendix 1 for an overview of the remaining clusters).      

Cluster 1: Testing Reading 

Language acquisition can differ across languages in accordance with properties such as 

orthographic or synthetic characteristics. In accordance with the simple view of reading (SVR) 

model, the skills and processes that partly determine reading comprehension can be captured by 

two broad elements of decoding and linguistic comprehension (Floritt & Cain, 2011). Although 

these two subskills are functionally different, a meta-analysis of 33 journal articles on the validity 
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of the SVR by Floritt and Cain (2011) found that these subskills were transferable across languages 

(Reddy & Koda, 2013). Linguistic comprehension was purportedly a significant predictor of 

reading comprehension for transparent orthographies (e.g., Italian and Spanish, where decoding 

skills are acquired in an early stage; Sonali, 2011). In contrast, decoding influenced reading 

comprehension more strongly for a longer period in opaque orthographies (e.g., English and 

Portuguese). Notably, a varying pattern was observed in languages that were more complex. For 

instance, in the Indian language of Kannada, which possesses a shallow orthography but extensive 

alpha-syllabaries units, it was reported that phonemic awareness is a better predictor of 

comprehension. There is, however, subskill transfer across all languages whereby a subskill 

developed in a language can facilitate the reading of another, with similarity in orthographic 

properties speeding up the process of transfer. Across multiple languages, these subskills in L1 

were crucial in facilitating L2 comprehension (Nishanimut et al., 2011; Proctor et al., 2005).  

In addition to SVR, another prominent model of reading in this cluster was the 

componential model of reading (CMR). This model recognized three domains in reading: (i) the 

psychological domain that affected reading (e.g., interest, motivation and gender differences etc.), 

(ii) the cognitive domain that comprised early code-related subskills (e.g., letter and word reading, 

and phonological awareness) alongside coarse-grained subskills (e.g., understanding sentential and 

grammatical structures, understanding morpho-syntactic structures, and having sufficient word 

knowledge), and (iii) the ecological domain that included cultural and environmental components 

(e.g., dialect of the community) (Joshi, Tao, Aaron, & Quiroz, 2012). Collectively, the CMR and 

SVR provided a holistic view not only on the factors affecting reading comprehension but also the 

subskills constituting reading comprehension across different languages. Furthermore, the two 
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models also highlighted the effects of environmental and learner-specific factors on 

comprehension subskill development.  

Cluster 2: Prose Reading Accuracy [Phonological Processing] 

Cluster 2 focused on phonological processing in reading, that is, the ability to discern and 

manipulate the sound of spoken words (Castles, 2004; Goswami & Bryant, 1990). Some 

commonly used tools to measure phonological awareness included the phoneme deletion task (e.g., 

“say rock without /r/”) and phoneme counting (e.g., “type out each sound in ‘tab’”). Phonological 

processing involved two distinct subskills: (i) the ability to break down words into their constituent 

sounds, and (ii) the ability to consolidated sounds to form whole words (Goswami & Bryant, 

1990). There is a great deal of research supporting the relationship between phoneme awareness 

and reading ability, as sounds function as building blocks to reading and sounding out new words 

can build lexical representation from an early age (Allor, Fuchs, & Mathes, 2001). Deficits in the 

aforementioned subskills are generally detrimental to language acquisition. A failure in 

phonological awareness can result in phonological dyslexia, where the reader experiences 

exceptional deficits to non-word reading (Castles, Datta, Gayan, & Olson, 1999). Importantly, 

such effects can persist despite having supportive home environments or adequate general 

intelligence (Torgesen et al., 2010).  

 Various interventions were put in place to help those who experienced reading difficulties. 

Torgesen et al. (2010) found support for the use of computer-supported interventions in improving 

phonological awareness, rapid naming, phonemic decoding, and general reading comprehension.  

Cluster 3: Orthographic Processing Ability 

Orthographic skills involved the processing of letters and their patterns in words or word parts in 

reading (Bowers & Wolf, 1993). In the 1990s, those skills were a focus of reading and many 



16 
 

proposed that differences in reading fluency were primarily correlated to phonological ability 

(Bowers & Wolf, 1993; Share, 1994). As one utilizes orthographic knowledge, further individual 

differences may arise (Wagner, Torgesen, & Rashotte, 1994). The use of such orthographic 

knowledge is especially important in languages that use an alphabetical orthography (e.g., 

English); it is therefore a key to acquiring further phonological awareness (Wagner & Torgesen, 

1987; Bruck, 1992). 

For instance, Wagner et al. (1994) suggested that skilled readers often tap into orthographic 

knowledge to perform phonological awareness tasks, such as phoneme reversal or phoneme 

counting (Wagner et al., 1997). Bowers (1995) conducted a longitudinal study of individual 

variances in naming speed, phonemic awareness, and vocabulary knowledge, that involved low-

level or average readers from Grade 2 to Grade 4. It was proposed that naming speed contributes 

to variances in orthographic processing, as it involved automatic retrieval of properties of single 

letters and allowed for the quick word recognition and subsequent naming. Bowers (1995) showed 

that understanding orthographic patterns form the basis of subsequent word recognition (Share, 

1995). Bruck’s (1992) study on children and adults with or without dyslexia also demonstrated 

that poor use of orthographic skills during phonological judgement may result in poor reading 

performance in dyslexics. In summary, the articles in cluster 3 further supported the importance of 

orthographic skills, beyond that of the phonological awareness skills that were more commonly 

discussed and investigated. Such understanding can facilitate the development of better 

interventions to help individuals with reading deficits, such as using direct instruction, contextual 

guessing, and phonological recoding (Share, 1995).  

Cluster 6: Speeded Word Reading 
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The ability to read is a complex process involving various (i) rapid linguistic processes and skills 

(e.g., phonological, semantic, syntactic, etc.), (ii) lexical knowledge (i.e., accessing words as a 

whole, including spoken and written words), and (iii) sub-lexical knowledge (i.e., spelling-to-

sound correspondence rules, including phonological awareness and alphabetic knowledge). 

Previously, Bowers and Wolf (1993) proposed three types of disabilities: (i) phonological skills 

deficiency, (ii) slow naming speed that disrupts the process of orthographical coding, and (iii) a 

combination of both. Importantly, any deficiencies in these subskills can lead to reading disabilities 

(Vellutino, Fletcher, Snowling, & Scanlon, 2004). Therefore, these skills cannot be overlooked.  

The importance of reading speed was further exemplified in Caravolas et al.’s (2005) study 

as reading speed predicted spelling and reading comprehension. Additionally, it was reported that 

performance on reading speed tasks (e.g., letter and digit naming tasks) contributed towards 

reading performance above and beyond effects of phonological skills (van der Leij & Morfidi, 

2006; Vellutino et al., 2004). The effects of reading speed may be due to the disruption in the 

“timing mechanism” during the integration of phonological and visual characteristics of printed 

words (N.B. this process should be automatic and effortless) (Vellutino et al., 2004). Consequently, 

word letters could not be identified quickly enough to process for orthographic patterns, resulting 

in the inability to store information on distinct unit and word recognition on the whole (Vellutino 

et al., 2004).  
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Cluster 7: Dyslexia 

Reading and learning to read can be difficult for a child. Coltheart (2005) posited various basic 

subskills one must acquire to learn languages. Some of these subskills were related to semantics, 

spoken word production, letter identification, letter-sound rule application, and visual word 

recognition (Coltheart, 2005). Deficiencies in these subskills could signify developmental dyslexia 

(DD) ‒ a persistent reading disability in the presence of adequate educational opportunities and 

intelligence. Wolf and Bowers (1999) proposed that the disorder can be characterized by 

deficiencies in (i) phonological processes that impedes word recognition and acquisition, and (ii) 

naming-speed that impedes recognition and retrieval of linguistic visual stimuli.  

While some researchers focused on the cognitive deficiencies across various language 

skills that were associated with DD (e.g., Shaywitz & Shaywitz, 2005), others suggested that DD 

may be a heritable neurobiological syndrome (Lyon, Shaywitz, & Shaywitz, 2003; Fisher & 

DeFries, 2002). Specifically, Shaywitz et al. (2002) reported that disruption in the language skills 

of children with DD stemmed from the posterior brain region. Relatedly, Ben-Yehudah, Sackett, 

Malchi-Ginzberg, and Ahissar (2001) found poor temporal contrast sensitivity in participants with 

DD resulted in the reading deficits they demonstrated. Using functional magnetic resonance 

imaging (fMRI), Shaywitz and Shaywitz (2005) demonstrated support for the neurobiological and 

cognitive bases of DD and suggested that reading abilities could be categorized as genetic 

(individuals would have an intelligence quotient (IQ) above 100) or non-genetic (individuals 

would possess an IQ below 100) and their reading abilities were influenced by cognitive and 

environmental factors. At present, the understanding of dyslexia and its impact on comprehension 

subskills remains incomplete. Further research is needed to shed light on the etiology of DD in 
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order to develop better interventions to assist individuals with DD in improving their reading 

abilities.  

Summary and Implications 

Prior to discussing the implications for this study, an in-depth classification of the subskills 

identified in the major clusters (1, 2, 3, 6, and 7) was developed (Table 2; see Appendix 1 for a 

review of other clusters). All the subskills listed in Table 2 were defined, used, and measured in 

L1 reading research, including (i) phonological processing, (ii) orthographic knowledge, (iii) 

grapheme encoding, (iv) phonemic decoding and awareness, (v) morphological awareness, (vi) 

morphosyntactic knowledge, (vii) elision, (viii) nonphonemic phonological skills, (ix) rapid 

naming skills, (x) phonological awareness, (xi) lexical access, and (xii) phonological sensitivity. 

There are also limited mentions of higher-order skills such as linguistic comprehension and text 

comprehension (Table 2). Notably, research on L1 comprehension subskills or processing 

abilities often focused on the comparisons between neurotypical and neurodivergent children by 

evaluating the prerequisites of comprehension (recognition and perception skills) and had 

minimal focus on higher-order skills (literal and inferential comprehension). Thus, having a list 

of subskills in L1 comprehension may assist in raising the awareness of practitioners and 

researchers about recognition and perception in L1 and L2. For instance, L2 language teachers 

may include activities that teach and evaluate young language learners’ rapid naming skills, 

phonological awareness, lexical access, or phonological sensitivity to identify learners’ needs 

and shortfalls. A discussion of suitable methodologies for teaching or researching these subskills 

is beyond the scope of this article. Nevertheless, the clustered references listed in Table 2 and 

Appendix 1 can assist teachers and researchers in identifying the relevant methodologies.  

Table 2 
Comprehension Subskills Identified in Main Research Clusters 
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Cluster L1 or 
L2  Featured burst Skills Subskills Definition of subskills 

1 L1 

Florit & Cain 
(2011); Joshi, Tao, 
& Quiroz (2012); 
Reddy & Koda 
(2013); Nag (2007) 

Reading 
comprehension 
(Florit & Cain, 
2011)  
 
Reading (Reddy 
& Koda, 2013; 
Joshi et. al., 2012; 
Nag, 2007) 

• Phonological awareness skills – 
Auditory discrimination, deletion, 
decoding (Joshi, Tao, & Quiroz, 2012) 

• Decoding competence (Reddy & Koda, 
2013; Floritt & Cain, 2011)  

• Orthographic knowledge (Nag, 2007) 
 
Floritt and Cain (2011):  
• Decoding  
• Linguistic comprehension  

• Decoding competence is the “ability to 
extract lexical information from print” 
(Reddy & Koda, 2013, pp. 110).  

• Orthographic knowledge involves the 
mapping of spoken and printed words 
(Nag, 2007) 

• Decoding is the “ability to convert 
graphic stimuli (writing) into linguistic 
referents” (Floritt & Cain, 2011, pp. 
554) 

• Linguistic comprehension is “ability to 
take lexical information and derive 
sentence and discourse interpretations” 
(Floritt & Cain, 2011, pp. 555). 

2 L1 

Torgesen, Wagner, 
Rashotte, Herron, & 
Lindamood (2010); 
Castles & Coltheart 
(2003); Brown 
(1997); Manis, 
Seidenberg, Doi, 
McBride-Chang, & 
Petersen (1996) 

Reading (Brown, 
1997; Manis et. 
al., 1996)  
 
Reading 
Acquisition 
(Castles & 
Coltheart, 2003)  
 
Reading Fluency 
(Torgesen et. al., 
2010)   

• Skills related to phonological 
processing (e.g. non-word 
pronunciation, and phoneme deletion) 
(Castles & Coltheart, 2003; Brown, 
1997) 
 

Manis & Seidenberg (1996):  
• Phonological awareness 
• Orthographical skills  

 
Torgesen et. al. (2010): 
• Phonological processing (e.g. rapid 

automatic naming)  
• Word-level reading (e.g. word 

accuracy)  
• Phonemic decoding accuracy and 

fluency (e.g. non-word reading)  

• Phonological processing is the ability to 
master the “sublexical orthographic and 
phonological structure” of different 
languages (Brown, 1997, pp. 208) 

• Phonological awareness is the “ability to 
perceive and manipulate sounds of 
spoken words” (Castles & Coltheart, 
2003, pp. 78), or the ability to “identify 
and manipulate the phonemic level of 
representation in speech” (Manis et. al., 
1996, pp. 165) 

• Phonemic decoding is a form of 
phonemic awareness i.e. the knowledge 
of letter-sound that supports accurate 
reading (Torgesen et. al., 2010) 

3 L1 

Wagner, Torgesen, 
& Rashotte (1994); 
Bowers & Wolf 
(1993) 

Reading 
(McBride-Chang 
& Manis, 1996; 
Bowers, 1995; 
Bowers & Wolf, 
1993; Wagner & 
Torgesen, 1987) 

Bowers & Wolf (1993):  
• Phonological processing (e.g. analysis, 

synthesis, coding in working memory, 
isolated naming, and serial naming) 

• Orthographical coding  
 
Wagner & Torgesen (1987):  
• Phonological processing (e.g. 

awareness, lexical access, phonetic 
recording to maintain information in 
working memory)  
 

• Naming speed, phonemic awareness, 
verbal skill (Bowers, 1995; McBride-
Chang & Manis, 1996) 

• Phonological sensitivity (Ackerman & 
Dykman, 1993) 

• Phonological awareness: one’s 
awareness and access to sound structure 
of one’s language (Wagner et. al., 1994), 
or the understanding of and access to 
language phonology (Bowers & Wolf, 
1993) 

• Lexical access is ability to recode 
written symbols into sound-based 
representation that can be maintained in 
the working memory (Wagner et. al., 
1994) 

• Phonological sensitivity is the 
knowledge that articulated sound 
possesses specific patterns in the form of 
rhymes etc. (Ackerman & Dykman, 
1993)  

6 L1 
Caravolas, Volin, & 
Hulme (2005); 
Badian (2001)  

Reading speed 
and 
comprehension 
(Caravolas et. al., 
2005; Badian, 
2001).   

• Phoneme awareness (Caravolas et. al., 
2005)   

Badian (2005):  
• Nonphonemic phonological (i.e. 

syllable segmentation, rhyme detection)  
• Orthographic processing (e.g. attention 

to alphanumeric symbols)  
 

• Phonemes awareness was not explicitly 
defined in Caravolas et al.’s (2005) 
study, but was measured using phoneme 
deletion task and spoonerism  

• Nonphonemic phonological skills refer 
to skills not does not require the 
segmentation of words into phonemes 
(Badian, 2005) 
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Cluster L1 or 
L2  Featured burst Skills Subskills Definition of subskills 

• Orthographic processing was measured 
by having participants match presented 
items to a stimulus 
 

7 L1 
Coltheart (2005); 
Shaywitz et. al. 
(2002) 

Reading 
(Coltheart, 2005; 
Shaywitz, 2002) 

• Phonologic analysis involves 
identifying letters, sounding out letters, 
and sounding out pseudowords 
(Shaywitz et. al., 2002)  

• Coltheart (2005) proposed a model of 
basic subskills to assess basic reading 
abilities that include understanding of 
semantics, visual word recognition, 
spoken word production, letter 
identification, and letter-sound rule 
application 
 

• Phonological ability is the ability to 
access to the sound structure of word(s) 
(Shaywitz et. al., 2002)  

N.B. L1 = first language, and L2 = second language.  

 

Compared with L1 comprehension subskills, research on L2 comprehension subskills 

was considerably limited and less influential (i.e., not within the top five clusters). Importantly, 

research in this area was predominantly focused on (i) lexico-grammatical ability, (ii) bottom-up 

and top-down comprehension subskills, (ii) the ability to skim and scan texts, and (iv) the ability 

to guess the meaning of words. Among the 13 clusters presented in Appendix 1, only clusters 5, 

10, and 27 involved L2 comprehension subskills. This was indicative that the scope of research 

on L2 subskills require further expansion. Researchers may investigate the relationship between 

L2 comprehension subskills identified in clusters 5, 10, and 27 with the perception and 

recognition subskills identified in L1 clusters to determine the extent to which literal and 

inferential (higher-order) comprehension depend on lower-order subskills. Furthermore, adopting 

experimental designs that incorporate randomization and treatment-control groups may help in 

determining whether the purported L2 comprehension subskills are reproducible under controlled 

conditions.  

A notable gap in L1 and L2 comprehension research is a lack of attention to coarse-

grained functions of listening such as understudying speakers’ attitudes and viewpoints, as well 
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as empathetic, dialogic, performative, appreciative, therapeutic, critical, and discriminative 

listening (Beard, 2019; Flyod, 2010; Srader, 2015; Weger Jr., Bell, Minei, & Robinson, 2014; 

Wolvin & Coakley, 1996). Similarly, the manner with which lower-order or higher-order 

comprehension subskills function in reading and listening in different generic structures is also 

under-researched. 

In addition, the central role of memory in comprehension was highlighted in clusters 3, 

13, 14, 15, 20, and 33. This indicated that these research clusters either investigated or 

hypothesized an interplay between comprehension subskills and memory. The majority of 

research in these clusters focused on working memory, while only one cluster researched on 

phonological memory (i.e. cluster 14). Research in all aforementioned clusters investigated L1 

reading subskills, whereas there is a dearth of research that investigated the link between 

memory and comprehension in L2. This gap may be addressed by investigating whether a wider 

memory span confers an advantage in terms of better and deeper comprehension, compared with 

those with shorter memory spans.  

Codex of Comprehension Subskills 

Table 2 and Appendix 1 comprise 73 comprehension subskills, of which 55 (75.35%) and 18 

(24.65%) of the subskills listed were related to L1 and L2 comprehension, respectively. All of 

the subskills identified were presented in a codex that serves as a first integrative framework for 

comprehension subskills (Figure 2). As illustrated in Figure 2, this codex comprises four layers 

that radiate from the core ‒ Comprehension Subskills. From the core, Comprehension Subskills 

is firstly divided into two primary nodes: L1 and L2 (the first layer). The primary nodes are then 

sub-divided into the 18 clusters that were identified as substantial from the DCA performed (the 
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second layer). The subskills and microskills2 associated with each cluster form the third and 

fourth layers, respectively. Additionally, the seven tasks used for measuring the subskills (Table 

2) are also presented in the fourth layer together with the microskills. Evidently from the codex, 

reading and listening comprehension involve a variety of subskills. However, the subskills that 

are associated with phonology and working memory may be more important due to multiple 

appearances across different clusters. Future research can provide new evidence to extend this 

codex and the reproducibility of the identified subskills and microskills in different contexts and 

languages may also be investigated.        

                                                           
2 ‘Microskills’ used in the codex differs from the definition provided by Richards (1983). In Richards’s (1983) 
paper, ‘microskill’ appeared synonymous with subskills. In this study, however, ‘microskill’ refers to the sub-
components of a subskill.    
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Figure 2. Codex of all identified subskills investigated by research in first and second languages. 
The figure legend describes the color-coding scheme. For skills that appeared multiple times, the 
type of subskill (reading or reading and listening) is indicated by the color (i.e. black or grey) of 

other subskills in the same cluster.  The chart codex was generated on the Zingchart website 
(https://www.zingchart.com/docs/chart-types/tree-module). Abbreviations: L1 ‒ first language, 
and L2 ‒ second language. N.B. C# represents the respective clusters that were identified by the 

document co-citation analysis.  
 
  

https://www.zingchart.com/docs/chart-types/tree-module
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Conclusion 

This study applied the DCA method to review the literature on the listening and reading 

subskills. It identified multiple research clusters that defined and measured 73 empirically 

examined comprehension subskills, which have similarities with and differences from those 

included in anecdotal and conjectural taxonomies such as Munby’s (1979) and Richards’s (1983) 

lists. It was found that there was more emphasis on lower-order comprehension subskills 

especially in the studies of young learners learning L1, whereas research in L2 was focused on 

higher-order comprehension subskills. The disparity in research emphasis may be associated 

with the age of learners between the two research fields. Studies focusing on L1 primarily aimed 

at developing methods to identify those with reading deficits and devise early interventions. For 

example, cluster 6 indicated that having poorer lower-level L1 reading subskills may lead to 

dyslexia, as this deficit results from neurobiological and hereditary conditions that affect 

comprehension. In contrast, L2 readers are typically adults who acquired basic comprehension 

subskills in their L1 and were able to transfer some of these skills to L2, especially if L1 and L2 

share similar orthographic and phonological features. Overall, comprehension subskills in the L2 

literature have be conceptualized as static and product-oriented in the literature reviewed, 

whereas subskills in the L1 literature are dynamic and process-oriented. 

It should be noted that although the L2 researched surveyed (Appendix 1) revolved 

around the empirical investigation of L2 comprehension subskills, researchers questioned the 

suitability of the research tools in unraveling and differentiating comprehension subskills. 

Among the first researchers raising this concern was Alderson (1990, p. 425) who argued “[t]he 

theoretical nature and status of these skills, and their interrelations, are far from clear, and there 

are many issues to be resolved.” Similar stances were taken by Field (2008), Mislevy (2009), and 
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Rosenshine (2017) and the quantitative studies reviewed earlier further supported the lack of 

precision in the definition and measurement L2 comprehension skills (Wagner, 2004). Large 

randomized controlled experiments could provide more definitive evidence supporting L2 

comprehension subskills. Experiments may include the use functional neuroimaging 

technologies such as the near-infrared spectroscopy to assist in identifying the brain regions that 

are associated with different levels of comprehension, including perception, recognition, literal 

comprehension, and inference-making. Finally, future research may also include the use of 

author co-citation analysis and journal co-citation analysis that are used for detecting the impact 

of authors and journals within academic fields. This may shed additional light on the influence of 

institutes, journals, and researchers on research on subskills (and other concepts), which was not 

captured in the DCA in the present study.  

Acknowledgments 
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Appendix 1 
Comprehension Subskills Identified in Clusters.  

These clusters were not reviewed in the main body of the article. 
Cluster L1 or 

L2  Featured burst Skills Subskills Definition of subskills 

5 L2 

Zhang (2017); 
Aryadoust, Goh, 
& Kim (2012); 
Phakiti (2008) 

Reading 
comprehension 
(Zhang, 2017; 
Phakiti, 2008),  
 
Listening 
(Aryadoust et. al., 
2012).  

Zhang (2017):  
• Grammatical knowledge  
• Vocabulary knowledge  

 
Aryadoust et. al. (2012):  
• Cognitive processing skills  
• Linguistics components and prosody  
 
• Lexico-grammatical ability (Phakiti, 

2008) 

• Vocabulary knowledge refers to the 
understanding of meanings of specific 
words that appear in text. It involves 
both depth (i.e. how well the words 
are understood), and breadth (i.e., 
quantity of words understood) 
(Zhang, 2017). 

• Grammatical knowledge refers to the 
ability to understand linguistic or 
word integration rules (Zhang, 2017). 

• Lexico-grammatical ability is 
measured with gap-filling reading 
test, which assesses one’s “ability to 
comprehend texts drawing on their 
knowledge of structural and lexical 
appropriacy, as well as their 
pragmatic and discourse competence” 
(Phakiti, 2008, pp. 247) 

9 L1 
Misra, Katzir, 
Wolf, & Poldrack 
(2004).  

Word reading  • Rapid automatized naming  

• Rapid naming skill is commonly 
assessed using rapid automatized 
naming tests that involve speeded 
naming of serially presented stimuli.  
 

10 L2 

Wolfgramm, 
Suter, & Göksel 
(2016); Lee & 
Sawaki (2009). 

Listening 
comprehension 
(Wolfgramm et. 
al., 2016) 
 
Reading and 
listening (Lee & 
Sawaki, 2009).  

• Depth of vocabulary (Wolfgramm et. 
al., 2016)  
 

Lee & Sawaki (2009):  
• Listening skills of understanding 

general and specific information, 
understanding text structure and 
speaker intention, and connecting ideas. 

• Reading skills of understanding word 
meaning, understanding specific 
information, connecting information, 
synthesizing and organizing 
information.  
 

• One’s depth of vocabulary refers to 
his/her knowledge of different aspects 
of words (how well the words are 
known). 

• Listening and reading are the ability to 
understand literal meaning and draw 
inferences. 

12 L1 

Zhang, Koda, & 
Leong (2016); 
Chang, Plaut, & 
Perfetti (2015). 

Reading across 
different 
languages (Chang 
et. al, 2015) 
 
Word learning 
(Zhang et. al., 
2016) 

• Grapheme encoding (Chang et al., 
2015)  

• Morphological awareness (Zhang et al., 
2016).  

• Graphemes refer to the basic units that 
distinguish among language’s 
morphemes (Chang et. al., 2015). 

• Morphological awareness refers to the 
ability to “reflect on and manipulate 
meaningful components of the words, 
such as prefixes, roots, and suffixes 
(Zhang et al., 2016, pp. 384).  
 

13 L1 Mellard & Fall 
(2012). 

Reading 
comprehension 
(Mellard & Fall, 
2012) 

Mellard & Fall (2012):  
• Word skills e.g. rapid naming, 

phonemic decoding, elision, and word 
identification 

• Language comprehension skills e.g. 
vocabulary  

• Memory e.g. digit span 
• Fluency errors e.g. non-word blending  

• Word skills refer to the skills that are 
associated with reading speed and 
reading recognition 

• Fluency refers to accurate and speeded 
oral translation of text (Mellard & 
Fall, 2012) 
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Cluster L1 or 
L2  Featured burst Skills Subskills Definition of subskills 

14 L1 

Al Otaiba & 
Fuchs (2002) 
(review of 
literature). 

Reading ability 

Involves examining the skills that predict 
unresponsiveness to literacy treatment of 
reading disability:  
• Phonological awareness (most 

consistently associated) 
• Phonological memory 
• Rapid naming 
• Orthographic processing 

 

Varied definitions that corresponded to the 
various articles discussed in the review 

15 L1 

Cain, Oakhill, & 
Bryant (2004); 
Arro, & Wimmer 
(2003).  

Reading 
comprehension 
(Cain et. al, 
2004),  
 
Reading ability 
(Arro & Wimmer, 
2003).  

Cain et. al, 2004:  
• Skills related to working memory 

functioning (e.g. digit span) 
• Inference and integration skill  
• Comprehension monitoring  
• Knowledge of story structure  
 
Arro & Wimmer, 2003:  
• Phonological recoding ability (tested 

with pseudoword, number word, and 
numeral reading procedure) 

• Comprehension monitoring refers to 
the metacognitive processes involved 
detecting the inconsistencies in text 
(Cain et. al, 2004). 

• Knowledge about the narrative 
structure reflects the ability to 
manipulate information provided by 
features of texts (Cain et. al, 2004).   

• Phonological recoding is “the ability 
to translate a new letter string into a 
phonological code by which 
phonological word forms can be 
accessed” (Arro & Wimmer, 2003, pp. 
622).  

19 L1 

Torgesen, 
Wagner, 
Rashotte, 
Burgess, & Hecht 
(1997);  
Droop, 
Verhoeven 
(2003); 
Schatschneider, 
Carlson, Francis, 
Foorman, & 
Fletcher (2002). 

Word 
identification and 
passage 
comprehension 
(Torgesen et. al., 
1997)  
 
Early reading 
(Schatschneider 
et. al., 2002) 
 
Second language 
comprehension 
(Droop & 
Verhoeven, 2003) 

• Rapid automatic naming and 
phonological awareness 
(Schatschneider et. al., 2002; Torgesen 
et. al., 1997).  

 
Droop & Verhoeven (2003):  
• Lexical knowledge 
• Morphosyntactic knowledge 
• Oral text comprehension 
• Word decoding skill  

• Phonological awareness refers to 
one’s awareness to the sound 
structures of oral language and is 
measured by phoneme deletion, 
segmentation, and blending phonemes 
into words (Schatschneider et. al., 
2002; Torgesen et. al., 1997). 

20 L1 

Lesaux, Rupp, & 
Siegel (2007); 
Lindsay, Manis, 
& Bailey (2003).  

Reading 
comprehension 
and word reading 
(Lesaux et. al., 
2007),  
 
Reading (Lindsay 
et. al., 2003).  

Lesaux et. al. (2007):  
• Phonological processing 
• Working memory skills 
• Syntactic awareness  

 
Lindsay et. al. (2003):  
• Phonological awareness 
• Rapid serial naming 
• Letter knowledge 
• Print awareness 

 

• Syntactic awareness: understanding of 
grammatical structures (Lesaux et. al., 
2007).  

• Phonological awareness refers to “a 
set of linguistic and metalinguistic 
skills involving sensitivity to the 
sound structure of spoken words” 
(Lindsay et. al., 2003, pp. 482) 

• Letter knowledge: knowing the name 
and sounds of letters (Lindsay et. al., 
2003).  

• Print awareness was measured with a 
structured conversation with questions 
such as “where does one start 
reading?” etc. (Lindsay et. al., 2003). 
 

26 L1 

Bates, Castles, 
Coltheart, 
Gillespie, Wright, 
& Martin (2004); 
Bates, Castles, 

Reading and 
spelling (Bates et. 
al., 2007; Bates 
et, al, 2004), 
word reading and 

Bates et. al. (2007, 2004): 
• Lexical (phonological processing) 
• Non-lexical (orthographic processing) 

skill 
 

• The lexical route involves retrieval of 
previously seen words from a lexicon 
store or memory. On the other hand, 
non-lexical route is one that is rule-
based and is employed to convert 
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Cluster L1 or 
L2  Featured burst Skills Subskills Definition of subskills 

Luciano, Wright, 
Coltheart, & 
Martin (2007);  
Swanson, Trainin, 
Necoechea, & 
Hammill (2003).  

reading 
comprehension 
(Swanson et. al., 
2003). 

Swanson et. al. (2003):  
• Phonological awareness (e.g. blending 

sounds, letter naming)  
• Rapid naming (Swanson et. al., 2003).  

graphemes into phonemes (Bates et. 
al., 2007; Bates et, al, 2004) 

• Phonological awareness: “measures of 
oral tasks that required dividing 
spoken words into segments of sounds 
smaller than a syllable or learning 
about individual phonemes” (Swanson 
et. al., 2003, pp. 412). 

• Rapid naming: “speed (timed trials) 
related to the overt verbalizing of 
letters, sounds, words, objects, or 
colors.” (Swanson et. al., 2003, pp. 
412). 

27 L2 
Abbott (2006); 
Atai & Nazari 
(2011). 

Reading 
comprehension 
(Abbott, 2006; 
Atai & Nazari, 
2011) 

• Bottom-up (i.e. lexical, scanning, 
paraphrase, visuals, matching 
keywords) or top-down (i.e. skimming, 
connecting, inferencing, speculating) 
reading skills (Abbott, 2006) 

• “Skimming texts”, “use bilingual 
general dictionaries”, “scanning texts”, 
“guessing meanings”, “understanding 
main ideas” most important subskills 
(Atai & Nazari, 2011). 

Bottom-up skills are “data-driven, detailed 
oriented strategies”, while top-down skills 
are “conceptually-driven, big-picture 
oriented” (Abbott, 2006, pp. 634) 

28 L1 

Hagtvet (1997); 
Muter, Hulme, 
Snowling, & 
Taylor (1998). 

Reading of text 
and sentences 
(Hagtvet, 1997), 
early reading 
(Muter et, al., 
1998) 

• Oral language skills (e.g., phonemic 
awareness, phoneme synthesis, 
phoneme analysis) (Hagtvet, 1997) 

• Segmentation and rhyming (Muter et. 
al., 1998).  

Segmentation defined by phoneme 
identification and deletion, while rhyming 
was defined by rhyme production and 
deletion (Muter et. al., 1998).  
 

33 L1 

Baddeley, 
Gathercole, & 
Papagno (1998);  
Bell, McCallum, 
& Cox (2003) 

Reading and 
spelling (Bell et. 
al., 2003), 
language learning 
and acquisition 
(Baddeey et. al., 
1998).  

Bell et. al. (2003):  
• Auditory processing (e.g., sound 

blending) 
• Visual processing speed (e.g. rapid 

naming) 
• Memory 

 
Baddeley et. al. (1998): 
• Learning of new word and the 

phonological loop  

The ability to learn new words reflect the 
ability to generate lasting long-term 
representation of novel stimuli and hence, 
is paramount (Baddeley et. al., 1998).  
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