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suggest that the SVR does have the potential to determine
reading profiles and differential intervention methods.
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1 | INTRODUCTION

Children who have reading difficulties are not a homogeneous group (Aaron et al., 1999; Catts et al., 2003; Ebert &
Scott, 2016; Morris et al., 2017). Researchers have attempted to capture variation in reading difficulties through the use of
classification approaches. One classification approach that has helped to explain the heterogeneity of difficulties exhibited
by poor readers, and the variance shown by a typical population of readers, is based on the simple view of reading (SVR).

The SVR is one of the most well-researched cognitive models of children's reading comprehension (Savage
et al., 2015). The model states that reading comprehension ability is the product of decoding and language comprehen-
sion ability (Gough & Tunmer, 1986). Numerous studies have established the validity of this model through multiple
regression analyses (Chen & Vellutino, 1997; Georgiou et al., 2009; Hoover & Gough, 1990; Savage, 2001, Savage, 2006)
and structural equation modelling (Adlof et al., 2006; Chiu & Consortium, 2018; Foorman et al., 2015; Language and
Reading Research Consortium, 2015; Lonigan et al., 2018; Vellutino et al., 2007). According to the SVR (Gough &
Tunmer, 1986) reading comprehension difficulties could be due to an inability to decode, an inability to comprehend lan-
guage or difficulties with both of these skills. Within the model, children who exhibit decoding difficulties in the absence
of language comprehension difficulties are classified as having dyslexia. Children who exhibit difficulties in language com-
prehension in the absence of decoding difficulties are classified as having a specific comprehension difficulty (SCD). The
mixed difficulty group demonstrates both decoding and language comprehension difficulties.

Gough and Tunmer (1986) argued that the identification of a group of readers who exhibit reading comprehen-
sion difficulties in the absence of decoding and language comprehension difficulties would falsify their hypothesis.
Nevertheless, previous SVR classification studies have identified a group of children who exhibit reading comprehen-
sion difficulties that were not explained by decoding and/or language comprehension deficits (Aaron et al., 1999;
Catts et al., 2003; Ebert & Scott, 2016; Morris et al., 2017). Catts et al. (2003) hypothesized that the identification of
this group may be due to one of three reasons. First, it might indicate that some of the children who participated in
previous SVR classification studies did not have reading difficulties. Second, it could be due to measurement error
and/or the use of cut-off lines to identify the poor reader groups. Finally, it could indicate that children in the
unexplained poor reader group experience reading comprehension difficulties due to a third variable that is not
included within the SVR. This possibility would falsify the SVR because it would indicate that a third variable needs
to be added to the SVR model to provide a more full account of children's reading difficulties.

Previous SVR classification studies are subject to two main limitations. First, they have not established that the
SVR can be used as a valid classification system. Limitations related to the sample size and participant recruitment
criteria as well as analysis and interpretation limitations mean that further investigation is required. These limitations
mean that previous classification studies may have either over or underestimated the proportion of children classi-
fied as having dyslexia or SCD. Previous studies have also been unable to rule out the possibility that there is a group
of children whose reading difficulties cannot be explained by the SVR.

One of the greatest challenges faced by researchers who wish to conduct classification research is identifying a
sufficiently large sample of poor readers. If a sufficient sample cannot be obtained, a limited number of children are
likely to be assigned to the smaller poor reader categories, thus making it difficult to determine whether the proportion

of children assigned to each poor reader category is representative of all poor readers. This means a large number of
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children must be screened to identify a sufficient number of struggling readers. For example, Aaron et al. (1999)
screened 139 children to identify 16 poor readers. The three other classification studies took steps to overcome this
challenge (Catts et al., 2003; Ebert & Scott, 2016; Morris et al., 2017). Ebert and Scott (2016) selected participants who
had been referred for speech-language assessments, and Catts et al. (2003) selected participants who were taking part
in a longitudinal study on language impairments. These decisions increased the likelihood that the studies would iden-
tify a sufficient sample of poor readers because children with language difficulties are more likely than typically achiev-
ing children to exhibit reading difficulties (Cain & Oakhill, 2007; Catts et al., 2003). However, because these children
are more likely to exhibit language difficulties, they may not be representative of all poor readers.

Ebert and Scott (2016) also included participants from a far wider age range than any of the other studies (6-
16.7 years of age). However, this approach may have influenced the obtained results due to the increasing contribu-
tion that language comprehension makes to reading comprehension over time (Adlof et al., 2006; Catts, 2018;
Georgiou et al., 2009), which may have influenced the proportion of children who were assigned to each poor reader
group. Compared with studies with younger participants, studies that classify older children are likely to identify a
larger proportion of children who exhibit the SCD profile and a smaller proportion of children who exhibit the dys-
lexia profile (Catts et al., 2005). This limitation can be mitigated by including participants who are similar in age or by
reporting results for separate age groups when working with participants that span a wide age range.

Morris et al. (2017) included children who were performing below the 50th percentile on an end-of-year reading
test. This means that at least some of the children included in their study were typically achieving readers. Catts
et al. (2003) hypothesized that including typically achieving children within a classification study could be one of the
reasons why an unexplained group of poor readers is identified. When typically achieving children are included
within classification studies, they are likely to fall within the unexplained poor reader group because it is unlikely they
will exhibit pronounced decoding and/or language comprehension difficulties.

Previous SVR classification studies have used cut-off points on the decoding and language comprehension vari-
ables to distinguish between typically achieving children and children who struggle with these skills. Catts et al.
(2003) conjectured that the use of cut-off points could explain why a group of unexplained poor readers has been
identified in previous classification studies. If the cut-off point was raised in previous studies, children who had been
assigned to the unexplained poor reader group would be reassigned to one of the other three poor reader groups.

SVR classification studies have largely failed to examine the cognitive profiles of the poor reader groups,
although Catts et al. (2003) compared the poor reader groups across a number of cognitive processes. Analyses com-
pared the groups on measures of decoding, language comprehension, reading comprehension, phonological aware-
ness, rapid naming ability, and reading experience (title recognition test). The results reported in this research mostly
fell in the expected direction. The dyslexia group performed more poorly than the SCD group on the decoding
assessment and the SCD group performed more poorly than the dyslexia group on the language comprehension
assessment, while the mixed difficulty group exhibited difficulties in both of these skills. However, the results of the
phonological awareness and rapid naming assessments were not consistent with established expectations that chil-
dren with dyslexia would demonstrate greater difficulties with these skills than children who exhibit only language
comprehension difficulties (Lauterbach et al., 2017). Catts and colleagues found no significant difference between
dyslexia and SCD groups on these assessments. This finding may be due to limitations associated with the
operationalisation of variables and the age of the participants. Catts and colleagues operationalized rapid naming
with a picture-naming test, however operationalising rapid naming with an alphanumeric naming test may have
resulted in different outcomes because of the close association between alphanumeric naming tests and reading
(Arautjo et al., 2015; Georgiou & Das, 2018). It may be that Catts and colleagues did not identify a difference in pho-
nological awareness ability between the SCD and dyslexia groups because they only assessed children's ability to
delete a syllable or sound and verbalize the remaining sound sequence. In contrast, Lauterbach et al. (2017) differen-
tiated between participants (aged 7-20 years old) with dyslexia and specific language impairment (SLI) using a dis-
criminant function analysis that included language comprehension, word attack, and phoneme deletion tests.
Children with SLI share many similarities with children who exhibit the SCD profile, including difficulty understanding
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spoken language (Kelso et al., 2007), which suggests that the phonological awareness and rapid naming results
reported by Catts and colleagues should be interpreted cautiously.

The current study sought to address the limitations associated with previous classification research by including
a relatively large sample of children of a similar age who were not initially identified because of some other language
or learning difficulty. The current study also grouped children in two ways. Firstly, by grouping children using the tra-
ditional cut-off point approach and secondly, by grouping children using results from a cluster analysis. These group-
ings were used to determine whether the three group poor reader classification predicted by the SVR could be
supported. Specifically, this research sought to answer the following questions. Does a two-step cluster analysis
approach provide a better explanation for the data than the traditional cut-off point approach and do the poor reader
groups demonstrate distinct cognitive profiles?

2 | METHOD
21 | Participants

The participants came from nine primary schools in an urban city in New Zealand. These children were in Grades
3, 4, and 5 (aged 8-10 years). Children in these grades were targeted given that reading comprehension ability has
been found to be influenced, to a similar extent, by both decoding and language comprehension ability in this age
range (Adlof et al., 2006; Catts, 2018; Georgiou et al., 2009). The schools were asked to identify children who per-
formed below the 40th percentile on one of two school-based standardized assessments commonly used within
New Zealand: the e-asTTle Reading test (Auckland UniServices Limited, 2009) or the Progressive Achievement Test
for Reading Comprehension (Darr et al., 2008). Teachers were also allowed to nominate children who exhibited read-
ing difficulties on other school assessments. All of the children identified were invited to take part in this research.

In total, 216 English-speaking children took part in this study. Seven children performed above the 40th percen-
tile on the researcher-administered Passage Comprehension test from the Woodcock-Johnson IV (WJIV; Schrank
et al., 2014) and were excluded from the research, leaving a final sample of 209 children. The majority of the children
in this study (73%) came from schools in higher socio-economic communities and the average age of the participants
was nine years and eight months (SD.ge = 11 months). Table 1 provides an overview of the participants broken

down by grade and gender. This research adhered to the ethical requirements of the participating university.

2.2 | Procedure and measures

All children undertook the same 14 individually administered assessments. The assessments were completed over
four separate sessions within a two-week period for each child. The assessment sessions lasted approximately
20 minutes each and were completed in a quiet room at each school. All tests were administered by the first author.
The data were collected between March 2019 and March 2020. For reliability purposes, a second marker reviewed
20% of the assessment record sheets. No discrepancies between markers were identified during this process.

TABLE 1 Participant demographics

Grade Males n (% of gender) Females n (% of gender) Total n (% of all participants)
3 35 (62.5%) 21 (37.5%) 56 (26.8%)
4 49 (68.1%) 23 (31.9%) 72 (34.4%)
5 46 (56.8%) 35 (43.2%) 81 (38.8%)

Total 130 (62.2%) 79 (37.8%) 209 (100.0%)
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221 | Decoding/Word reading

Decoding ability was assessed using the Letter-Word Identification, Word Attack, and Word Reading Fluency tests
from the WJIV (Schrank et al, 2014) and the Burt Word Recognition Test (Burt test; Gilmore et al., 1981).
The Letter-Word Identification test assessed children's ability to identify and pronounce individual letters and words.
The Word Attack test assessed children's ability to pronounce non-words that conform to English spelling rules. The
Letter-Word ldentification (r = .95) and Word Attack (r = .87) tests demonstrated excellent reliability within this
sample. These figures were similar to those reported in the WJIV manual (Schrank et al., 2014; Letter-Word Identifi-
cation = .92, Word Attack = .90). Both tests were administered following the procedures described in the WJIV
manual and were stopped when a child made six consecutive errors.

The Burt test assessed children's ability to read a range of regular and irregular words that increased in length
and complexity. Test administration was terminated when children were unable to correctly read 10 consecutive
items. The test manual reports high internal consistency (.97) within the 8.03-10.09 age range (Gilmore et al., 1981).

Reading fluency was assessed using the Word Reading Fluency test from the WJIV. This test assessed children's
ability to quickly read rows of words and circle the two words that go together. Children had three minutes to com-
plete as many questions as possible. Each correctly answered question received one mark. The administration man-
ual reports median reliability of .92 in the 7-11 age range (Schrank et al., 2014).

2.2.2 | Language comprehension

Language comprehension was measured using the Oral Comprehension test from the WJIV Oral Language battery
and the Oral Vocabulary test from the WJIV Cognitive battery. The Oral Comprehension test required children to lis-
ten to short passages and then supply a missing final word to each. The Oral Vocabulary test required children to
provide synonyms and antonyms for orally presented words. The tests demonstrated excellent reliability within this
sample (Oral Comprehension = .75; Oral Vocabulary = .84). These figures are similar to those reported in the WJIV
manual (Schrank et al., 2014; Oral Comprehension = .82, Oral Vocabulary = .89). The tests were administered fol-
lowing the procedures outlined in the WJIV manual and were stopped when the child made six consecutive errors.

The British Picture Vocabulary Scale, third Edition (BPVS-IIl; Dunn et al., 2009) was administered to assess chil-
dren's receptive vocabulary. Children were required to identify one picture from a selection of four that represented
an orally presented word. A reliability figure of .91 has been reported for this measure (Dockrell & Marshall, 2015).
This test was discontinued once children made eight or more errors in a set of 12 items.

2.2.3 | Rapid naming

Children's rapid automatic naming speed was assessed using the Rapid Digit Naming and Rapid Letter Naming tests
from the Comprehensive Test of Phonological Processing (CTOPP-2; Wagner et al., 2013). These tests assessed how
quickly children could name an array of digits or letters. The Examiners Manual reported excellent test-retest reliabil-
ities for these tests within the 7-11 age range (Rapid Digit Naming test = .9; Rapid Letter Naming test = .93).

224 | Phonological awareness

The phonological awareness construct was assessed using the Phonological Processing test from the WJIV and the Blending
Words, Phoneme Isolation, and Elision tests from the CTOPP-2. The Phonological Processing test is composed of three sub-

tests. The first subtest assessed children's ability to name words with certain sounds in a specific location within the word.
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Initial items in this test asked children to name a word that began with a specific sound, while later items asked children to
name words with a specific sound in the middle or end of words. The second subtest assessed children's ability to rapidly
name words that started with a certain sound. Children had two attempts to name as many words as possible within one
minute. The initial sound varied across the two presentations. The final subtest required children to substitute a sound in a
word for another sound, to create a new word. For example, one of the items at the beginning of this test asked children to
change the t sound in tag to b. The test has been reported to have a median reliability of .83 in the 5-19 age range (Schrank
et al., 2014). Children proceeded through subtests one and three until they made six consecutive errors.

The Blending Words test, from the CTOPP-2 assessed children's ability to combine sounds to form words. These
items increased in length and complexity as the test progressed. The Phoneme Isolation test assessed children's abil-
ity to identify specific sounds within words. For example, children were asked to identify the last sound in laugh.
The Elision test assessed children's ability to delete a sound within a word to create a new word: say cup without
saying k. The Examiners Manual reported reliability coefficients greater than .93 on the CTOPP-2 tests (Wagner

et al., 2013). These tests were discontinued when a child made three consecutive errors.

2.2.5 | Standard and composite scoring

Initially, raw scores from the WJIV subtests, the CTOPP-2 subtests, and the BPVS-IIl were converted to standard scores
using the relevant administration manuals or conversion software. Because the Burt test does not report standard scores,
we calculated standard scores using the mean and standard deviation from a study that administered this assessment to a
similar age group of children who were representative of all ability levels (see Mandelaine & Wheldall, 1998). A composite
decoding score was calculated by finding each child's average standard score on the Word Attack and Letter Word Identifi-
cation tests. A composite language comprehension score was derived by calculating each child's average score on the Oral
Comprehension and Oral Vocabulary tests. These composite scores were used to classify children. Catts et al. (2003)
hypothesized that the identification of an unexplained group of poor readers could be due to measurement error. To ensure
the four aforementioned tests provided a reliable indication of children's decoding and language comprehension ability,
Chronbach's Alpha reliability scores were calculated for this sample and have been reported within the above sections. All
the analyses described below were also performed using weighted composite decoding and language comprehension
scores based on a principal components analysis. The Word Attack, Letter Word Identification, Word Reading Fluency, and
Burt tests contributed to the weighted decoding score. The Oral Comprehension, Oral Vocabulary, and BPVS-II| tests con-
tributed to the weighted language comprehension score. These analyses were undertaken to investigate whether assessing
decoding and language comprehension with a broad range of weighted scores resulted in findings that were substantially
different from those obtained using unweighted composite scores. Because these results did not differ materially from the
analyses conducted using the unweighted composite scores, they are presented in the supplementary material. All analyses

were performed using IBM SPSS Statistics for Windows, version 26.0.

3 | RESULTS

Table 2 reports the mean and standard deviation in raw scores for each test that was administered. The scores for
the Rapid Digit Naming and Rapid Letter Naming tests were measured in seconds, with faster response times indicat-
ing better performance than slower response times. In total, 209 children completed 13 of the 14 assessments.
Three children were unable to complete the practice items on the Word Reading Fluency test. In accordance with
the instruction manual, the test items from the Word Reading Fluency test were not administered to these three
children. Two of these children were in Grade 5 and the third child was in Grade 3. These children were included in
all classification analyses and all comparison analyses, aside from analyses that compared children's scores on the
Word Reading Fluency test.
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TABLE 2 Descriptive statistics

Year 4 Year 5 Year 6 Total
Test Construct M (SD) M (SD) M (SD) M (SD)
Passage Comp? Reading 22.38 (3.70) 23.92(3.71) 26.94 (4.46) 24.67 (4.42)
comprehension
Word Attack® Decoding 12.73 (3.70) 15.83 (4.56) 17.17 (4.82) 15.52 (4.78)
Letter-Word Decoding 40.48 (7.48) 44.76 (8.63) 49.56 (9.09) 45.47 (9.24)
Identification®
Burt Decoding 37.71(11.10) 47.64 (14.47) 57.93 (16.94) 48.97 (16.74)
Word Reading Decoding 19.24 (8.18) 25.82(10.82) 33.80(8.91) 27.12(11.08)
Fluency?®
Oral Comprehension? Language 13.59 (3.72) 14.47 (3.11) 16.44 (3.11) 15.00 (3.48)
comprehension
Oral Vocabulary® Language 14.77 (4.64) 17.24 (4.44) 19.98 (4.72) 17.64 (5.04)
comprehension
BPVS-III Language 98.59 (16.80) 106.40(15.36) 115.69(13.80) 107.91(16.62)
comprehension
Phonological Phonological 27.27 (8.28) 30.14 (8.08) 35.01(8.37) 31.26 (8.81)
Processing® awareness
Elision® Phonological 16.59 (4.28) 18.90 (5.48) 21.91(6.39) 19.45 (5.96)
awareness
Blending Words® Phonological 16.75 (5.36) 18.15 (4.09) 19.11 (5.50) 18.15 (5.08)
awareness
Phoneme Isolation® Phonological 19.86 (6.43) 18.40 (6.10) 20.78 (6.25) 19.71 (6.30)
awareness
Rapid Digit Naming® Rapid naming 22.30 (6.67) 20.22 (5.26) 17.75 (4.76) 19.82 (5.77)
Rapid Letter Naming® Rapid naming 25.29 (6.80) 22.35 (6.51) 19.44 (8.29) 22.01 (7.65)

Note: 206 children completed the Word Reading Fluency test (Year 4 = 55, Year 5 = 72, Year 6 = 79). 209 students
completed the remaining tests (Year 4 = 56, Year 5 = 72, Year 6 = 81).

Rapid Digit Naming and Rapid Letter Naming scores are measured in seconds. All other test units are number of correct
responses (raw scores).

*Test from the WJIV.

PTests from the CTOPP-2.

3.1 | Traditional classification approach

Children were initially classified using the traditional classification approach. As in previous studies (Aaron et al., 1999; Catts
et al.,, 2003), cut-off lines were placed one standard deviation below the mean (standard score = 85) on the decoding and
language comprehension variables (see Figure 1). This resulted in 23% of children being assigned to the mixed difficulty
group (decoding and language comprehension <85), 22% being assigned to the dyslexia group (decoding <85, language
comprehension 285), 24% being assigned to the SCD group (decoding 285, language comprehension <85), and 31% being
assigned to the unexplained poor reader group (decoding and language comprehension 285). A multinomial logistic regres-
sion analysis was then conducted. This type of analysis is used to model the predictive relationship between independent
variables and dependent unordered categorical variables. In this research, the poor reader groups were the dependent vari-
able and the independent variables were the tests that were administered, apart from the four tests that contributed to the
decoding and language comprehension composite scores. Initially, the Passage Comprehension, Word Reading Fluency,
Burt, Rapid Digit Naming, Rapid Letter Naming, Elision, Phonological Processing, Blending Words, Phoneme Isolation, and

BPVS-Ill tests were entered into the analysis. Tests were then removed if they did not contribute significantly to the model.
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FIGURE 1 Traditional classification approach

Language comprehension (BPVS-III; X2 =45.869, p < .001), decoding (Burt; X2 = 26.352, p < .001), reading comprehension
(Passage Comprehension; x? = 30.053, p < .001) and phonological awareness (Elision; 32 = 30.139, p < .001) tests contrib-
uted significantly to the model. This model accurately predicted assignment for 60.0% of cases in the SCD group, 75.5% of
cases in the mixed difficulty group, 55.6% of cases in the dyslexia group, and 69.2% of cases in the unexplained poor reader

group. Overall, this model was able to accurately predict group membership for 65.6% of cases.

3.2 | Cluster analysis approach

In this approach, children were classified using a two-step cluster analysis that used log-likelihood as the distance
measure. Cluster analyses aim to maximize the homogeneity within groups and maximize the heterogeneity between
groups. The two-step cluster analysis grouped children using two steps based on their performance on the decoding
and language comprehension variables. The aim of the first step was to calculate a new data matrix with fewer cases
for the second step in the clustering process. The program examined every record and decided whether that record
should be merged with a previously formed group of records (pre-cluster) or whether it should form the basis for a
new pre-cluster based on the log-likelihood distance criterion. In the second step, the program took these pre-
clusters and grouped them into the desired number of clusters using a stepwise hierarchical clustering algorithm. In
this analysis, the program was allowed to determine the optimal number of groupings. It did this in two steps. First,
the program used the Bayesian Information Criterion (BIC) to estimate the number of clusters in the data by identify-
ing the point at which the decrease in BIC started to diminish as the number of clusters increased. Models with small
BIC are considered good models. The second step calculated the ratio change in BIC for the merging of each cluster.

A large change in the ratio indicates the merging of two clusters that should not be merged. The program used this
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information to adjust the initial estimate to identify the most likely number of clusters (for a more detailed descrip-
tion of the two-step cluster analysis procedure refer to Bacher et al., 2004 and Chiu et al., 2001).

The cluster analysis identified three poor reader groups with 17% of children assigned to the mixed difficulty
group, 39% of children assigned to the dyslexia group, and 44% of children assigned to the SCD group. As shown in
Figure 2, this approach did not identify a group of children who exhibited an unexplained poor reader profile (see
Figure 2). A multinomial logistic regression analysis was again conducted following the same process used with the
traditional classification approach. Tests that assessed language comprehension ability (BPVS-IIl; y? = 44.335,
p <.001), decoding ability (Burt; X2 = 18.045, p <.001), reading comprehension (Passage Comprehension test;
x*> = 11.591, p = .003) and phonological awareness (Elision; y* = 25.449, p < .001) contributed significantly to the
model. The multinomial logistic regression analysis indicated that group membership could be predicted with greater
accuracy when children had been grouped using the cluster analysis approach (74.2%) rather than the traditional
classification approach (65.6%). The model was able to accurately predict assignment for 78.5% of cases to the SCD
group, 69.1% of cases to the dyslexia group, and 74.3% of cases to the mixed difficulty group. This level of accuracy
was superior to that obtained when children were grouped using the traditional classification approach (SCD = 60%,;
dyslexia = 55.6%; mixed difficulty group = 75.5%).

A second cluster analysis was conducted to determine whether a four-group model also provided a good fit for
the data. In this analysis, the program was not allowed to identify the optimal number of groupings (three groups,
see previous analysis). Instead, the program was forced to identify four groups of poor readers. Using this approach,
13% of poor readers were assigned to the mixed difficulty group, 35% were assigned to the dyslexia group, 32%
were assigned to the SCD group, and 20% were assigned to the unexplained poor reader group. A multinomial logis-
tic regression analysis confirmed that group membership could be predicted more accurately using this approach
than the traditional classification approach. Analysis identified that this approach was not an improvement on the
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FIGURE 2 Cluster analysis approach
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cluster analysis approach that identified three groups. Overall, 69.4% of cases could be predicted accurately. The
accuracy with which group membership could be predicted for the mixed difficulty (75.0%) and dyslexia (73.0%)
groups was similar to that of the three-group cluster analysis approach, although the SCD group was predicted less
accurately using this approach (63.6%) in comparison to the three-group approach (78.5%). The unexplained poor
reader group was accurately predicted for 68.3% of cases. However, this does not mean that an unexplained poor
reader group exists because the cluster analysis was forced to identify this group.

A further cluster analysis was undertaken using composite decoding and language comprehension scores
based on weights obtained from a principal component analysis. This analysis was undertaken to investigate
whether weighted test scores provided a better indication of the children's decoding and language compre-
hension ability. In the previous analyses, only two tests contributed to the decoding (Word Attack and
Letter-Word ldentification tests) and language comprehension (Oral Comprehension and Oral Vocabulary
tests) variables. The factor scores used in the current analyses included a broader range of tests to enable
the breadth of these constructs to be examined in greater detail. The Word Attack, Letter-Word ldentifica-
tion, Word Reading Fluency, and Burt tests contributed to the decoding factor. The Oral Comprehension,
Oral Vocabulary, and BPVS-IIl tests contributed to the language comprehension factor. The factor loadings
are shown in Table 1 of the supplementary material. A two-step cluster analysis identified the three poor
reader groups predicted by the SVR model (dyslexia, SCD, and mixed difficulty). Figure 3 displays the propor-
tion of children assigned to each poor reader category. The distribution was similar to that reported in
Figure 2. Because of the similarity between these approaches, the results associated with this analysis have
been reported in the supplementary material. In subsequent sections, only the results associated with the
cluster analysis approach based on the composite decoding (Word Attack and Letter-Word Identification tests) and
language comprehension variables (Oral Comprehension and Oral Vocabulary tests) are reported in the text.
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TABLE 3 Comparisons by poor reader group based on the two-step cluster analysis approach (3 groups)

Test
(@

Passage Comp

F(2,206) = 54.246, p < .001

Welch: (2,79.898) = 26.729, p < .001
Brown-Forsythe: (2,68.798) = 38.385, p < .001

Word Attack

F(2,206) = 91.312, p < .001

Welch: (2,80.379) = 72.806, p < .001
Brown-Forsythe: (2, 60.183) = 60.506, p < .001

Letter-Word Identification

F(2,206) = 88.016, p < .001

Welch: (2,80.414) = 64.280, p < .001
Brown-Forsythe: (2,66.524) = 61.399, p < .001

Burt
F(2,206) = 25.716, p < .001

Word Reading Fluency
F(2,203) = 25.438, p < .001

Oral Comprehension

F(2,206) = 91.220, p < .001

Welch: (2,82.511) = 90.537, p < .001
Brown-Forsythe: (2,74.533) = 69.929, p < .001

Oral Vocabulary

F(2,206) = 99.554, p < .001

Welch: (2,84.122) = 67.942, p < .001
Brown-Forsythe: (2,87.378) = 80.364, p < .001

BPVS-III

F(2,206) = 32.904, p < .001

Welch: (2,103.177) = 32.517, p < .001
Brown-Forsythe: (2,173.897) = 37.237,p < .001

(b)

Phonological Processing
F(2,206) = 15.382, p < .001

Elision
F(2,206) = 57.750, p < .001

Blending Words
F(2,206) = 10.784, p < .001

Phoneme Isolation
F(2,206) = 10.863, p < .001
Welch: (2,101.270) = 13.390, p < .001

Group

Mixed
Dyslexia

SCD

Mixed
Dyslexia

SCD

Mixed
Dyslexia
SCD

Mixed
Dyslexia
SCD
Mixed
Dyslexia
SCD
Mixed
Dyslexia

SCD

Mixed
Dyslexia
SCD

Mixed
Dyslexia
SCD

Mixed
Dyslexia
SCD
Mixed
Dyslexia
SCD
Mixed
Dyslexia
SCD
Mixed
Dyslexia

SCD

N

35
81
93

35
81
93

35
81
93

35
81
93
32
81
93
35
81
93

35
81
93

35
81
93

35
81
93
35
81
93
35
81
93
35
81
93

M

62.03
79.95
81.10

66.89
81.53
94.61

66.29
82.00
92.73

73.68
82.54
91.74
75.25
85.77
91.18
71.97
96.05
82.16

63.00
90.40
82.14

74.83
88.83
79.75

70.03
81.28
83.35
74.14
81.54
91.77
72.29
83.15
83.60
75.71
86.54
83.12

SD

14.72
9.24
7.32

17.62
8.74
8.78

15.89
9.34
8.05

8.54
9.91
8.69
9.79
11.95
10.46
7.13
7.13
9.43

12.78
9.30
841

6.94
11.66
8.26

12.20
11.93
12.60
8.62
8.54
9.52
13.08
13.750
12.10
9.17
13.22
10.60

Significant differences

Mixed < Dyslexia®
Mixed < SCD?

Mixed < Dyslexia®
Mixed < SCD?
Dyslexia < SCD?

Mixed < Dyslexia®
Mixed < SCD?
Dyslexia < SCD?

Mixed < Dyslexia®
Mixed < SCD?
Dyslexia < SCD?

Mixed < Dyslexia®
Mixed < SCD*
Dyslexia < SCD®

Mixed < Dyslexia®
Mixed < SCD?
Dyslexia > SCD?

Mixed < Dyslexia®
Mixed < SCD?
Dyslexia > SCD?

Mixed < Dyslexia®
Mixed < SCD?
Dyslexia > SCD?

Mixed < Dyslexia®
Mixed < SCD*

Mixed < Dyslexia®
Mixed < SCD*
Dyslexia < SCD¢

Mixed < Dyslexia®

Mixed < SCD®

Mixed < Dyslexia®
Mixed < SCD?
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TABLE 3 (Continued)

Test Group N M SD Significant differences
Brown-Forsythe: (2,173.949) = 11.976, p < .001
Rapid Digit Naming Mixed 35 85.14 9.81 Mixed < SCD®
F(2,206) = 23.228, p < .001 Dyslexia 81 89.69 8.56 Dyslexia < SCD®

SCD 93 96.99 10.59
Rapid Letter Naming Mixed 35 84.71 9.70 Mixed < SCD¢
F(2,206) = 22.420, p < .001 Dyslexia 81 88.70 8.02 Dyslexia < SCD®

SCD 93 95.38 9.42

Note: Significant differences between groups are recorded in the right-hand column. Greater than and less than signs
denote the direction of these differences.

2Significant difference identified using both Tukey's honestly significant difference and Games-Howell Post hoc tests.
bSignificant difference identified using Games-Howell post hoc test only.

Significant difference identified using Tukey's honestly significant difference post hoc test only.
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FIGURE 4 Poor reader profiles based on the two-step cluster analysis approach (3 groups)

3.3 | Differences between groups

The analyses here investigated whether the poor reader groups demonstrated distinct cognitive profiles. These ana-
lyses are based on the three-group cluster analysis approach, as this approach provided the best fit for the data.
Table 3 provides an overview of each group's performance on the 14 tests that were administered in this research.
A one-way between subjects multivariate analysis of variance was carried out to examine the impact of group assign-

ment on test performance. The between-subjects factor comprised the three poor reader groups: dyslexia, SCD, and
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mixed difficulty. The dependent variable comprised children's scores on the 14 tests. There was a significant differ-
ence between the groups on the combined dependent variable, F(28,380) = 20.581, p < .001; Wilks’ lambda = .158.
ANOVA was conducted to determine whether there were significant differences between the groups on these tests.
Where the assumption of equal variance was not satisfied, the results from Welch and Brown-Forsythe tests are also
reported. Post hoc tests were conducted where significant differences were identified. Where equal variance was
assumed, Tukey's honestly significant difference test was conducted. Games-Howell post hoc tests were conducted
where equal variance was not assumed.

The dyslexia group performed significantly better than the SCD group on the Oral Comprehension, Oral Vocabu-
lary, and BPVS-III tests. The SCD group performed significantly better than the dyslexia group on the Word Attack,
Letter-Word Identification, Word Reading Fluency, Elision, Rapid Digit Naming, Rapid Letter Naming, and Burt tests.
While these groups exhibited distinct cognitive profiles, they performed at a similar level on the reading comprehen-
sion test (around the ninth percentile). The mixed difficulty group demonstrated pronounced reading comprehension
difficulties. Their average standard score placed them within the bottom first percentile on this test. They also per-
formed significantly worse than the SCD group on every test and significantly worse than the dyslexia group on all
but the two rapid naming tests. The relative strengths and weaknesses exhibited by these groups can be seen in
Figure 4. This figure is based on the results reported in Table 3.

4 | DISCUSSION

The results indicated that children with reading comprehension difficulties can be assigned to dyslexia, SCD, or
mixed difficulty category using a two-step cluster analysis approach. In contrast to the traditional approach, this
approach did not identify an unexplained group of poor readers. A second cluster analysis based on composite
decoding and language comprehension scores derived from weights obtained from a principal component analysis
identified the same poor reader groups. Multinomial logistic regression analyses predicted group assignment with
greater accuracy when children were classified into one of the three poor reader groups predicted by the SVR using
the cluster analysis approach rather than the traditional classification approach, which identified four poor reader

groups. These results provide additional support for the SVR model as a way of identifying reading difficulties.

4.1 | Prevalence of poor reader profiles

As expected, the children did not fall into distinct poor reader subgroups. This finding is consistent with previous
SVR classification studies, which have found that poor readers are distributed across the lower distribution of the
decoding and language comprehension variables (Aaron et al., 1999; Catts et al., 2003; Ebert & Scott, 2016; Morris
et al., 2017). Notwithstanding this observation, sufficient similarities exist to assign children to relatively homoge-
neous subgroups based on their decoding and language comprehension proficiency.

Previous classification studies have used cut-off points on the decoding and language comprehension variables
to distinguish between typically achieving children and children who struggle with these skills. Catts et al. (2003)
conjectured that the use of cut-off points could explain why a group of unexplained poor readers has been identified
in previous classification studies. Decoding and language comprehension ability fall on a continuum, which means
there is no obvious cut-off point that can be used to distinguish between poor and typically developing readers.
When children are separated using cut-off points, research has identified the three poor reader groups predicted by
the SVR and a group of unexplained poor readers. However, if higher cut-off points were used, no children would fall
within the unexplained poor reader category.

The placement of cut-off points influences the proportion of poor readers that are assigned to each poor reader

category. If the cut-off points were raised from their traditional placement fewer children would be assigned to
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dyslexia and SCD groups. Children in the SCD group who performed just above the decoding cut-off point and chil-
dren in the dyslexia group who performed just above the language comprehension cut-off point would be assigned
to the mixed difficulty group if cut-off points were raised. Conversely, a greater proportion of struggling readers
would be assigned to dyslexia and SCD groups if the cut-off points were lowered. Classification based upon a cluster
analysis is less susceptible to this limitation because cluster analyses aim to maximize homogeneity within groups
and do not rely on cut-off points.

This research found that a greater proportion of children could be assigned to dyslexia (39%) and SCD (44%)
groups in the cluster analysis approach than in the traditional classification approach (22% and 24% respectively). As
a result, fewer students were assigned to the mixed difficulty group in the cluster analysis approach (17%) than in
the traditional classification approach (23%) and no unexplained poor reader group was identified. This finding lends
support to Catts et al. (2003) hypothesis that the identification of an unexplained poor reader group may be an arte-
fact of the classification approach used in previous studies. Specifically, using cut-off points to classify poor reads
may erroneously lead to the identification of the fourth group of poor readers, whose difficulties are not explained
by the SVR. When an alternative classification approach was implemented based on a cluster analysis, rather than
the cut-off points, an unexplained group of poor readers was not identified. This finding suggests that a relatively
large proportion of children who exhibit the dyslexia, SCD, or mixed difficulty profile are assigned to the unexplained
poor reader group when cut-off points are used to identify these groups. As a result, these children may be excluded
from programmes that target children exhibiting dyslexia, SCD, or mixed difficulty profiles, leading to inequitable out-
comes for these children. Future research should attempt to replicate the results from these analyses with children
similar in age to those in this study. Whilst it seems likely that a three-group model will also explain the reading com-
prehension difficulties exhibited by older children, this must be confirmed through future research.

Traditionally, New Zealand has opposed the use of labels such as dyslexia because of concerns that the use of
labels may stigmatize some ethnicities who are more likely to exhibit reading difficulties (Tunmer & Chapman, 2007).
Formal assessments for dyslexia and other learning difficulties can only occur outside the school system in
New Zealand (New Zealand Qualifications Authority, n.d.), and no funding is provided for these assessments. As a
result, few children in New Zealand receive a formal diagnosis of dyslexia or other learning difficulties. It would be
interesting to investigate whether children who receive a formal diagnosis of dyslexia or a SCD fall within this cate-
gory when children are classified using the cluster analysis approach described in this research. Previous research
found that group membership derived through clustering was not a good predictor of diagnostic labels (Astle
et al,, 2019; Bradshaw et al., 2021). However, these studies used different clustering procedures than those used in
this research and included a more diverse range of learning difficulties. Research investigating the relationship
between the classification approach used in this research and formal learning difficulty assessments may need to be
undertaken outside New Zealand in a country where formal diagnoses of learning difficulties are more common.

4.2 | Cognitive profiles of poor reader groups

A valid classification approach should be able to differentiate between groups of poor readers (Catts et al., 2003).
The results indicate that dyslexia, SCD, and mixed difficulty groups exhibit distinct cognitive profiles. Children in the
dyslexia group performed significantly more poorly than children in the SCD group on tests that assessed decoding
(Word Attack, Letter-Word Identification, Word Reading Fluency, and Burt tests), rapid naming (Rapid Digit Naming
and Rapid Letter Naming tests), and phoneme deletion (Elision test) ability. In contrast, they performed significantly
better than the SCD group on all the language comprehension measures (Oral Comprehension, Oral Vocabulary, and
BPVS-IIl tests). In addition, the multinomial logistic regression analyses showed that it was possible to accurately dis-
criminate between the three poor reader groups using tests that assessed decoding (Burt test), language comprehen-
sion (BPVS-Ill), reading comprehension (Passage Comprehension test), and phoneme deletion (Elision test) ability.
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All the poor reader groups exhibited phonological awareness difficulties. However, the dyslexia group exhibited
significantly greater difficulties than the SCD group on the phoneme deletion test (Elision test). The ability to identify
and manipulate phonemes is essential for skilled decoding within an alphabetic orthography (Ehri, 2014;
Wren, 2001). Children must be able to identify individual phonemes within words when developing mental represen-
tations of a word in their mind and when converting graphemes to phonemes when reading new or unfamiliar words
(Arrow & Tunmer, 2012; Diamanti et al., 2018; Kendeou et al., 2014; Tunmer & Hoover, 2019). Because the ability
to identify and manipulate phonemes is essential for skilled decoding, it is not surprising that children with dyslexia
exhibit difficulties with this skill. In contrast, children who exhibit the SCD profile are less likely to exhibit phoneme
manipulation difficulties than children with dyslexia because they are less likely to demonstrate decoding difficulties.

Rapid naming ability did not add predictive utility to the multinomial logistic regression model. However, children
in the dyslexia group did demonstrate significantly greater difficulties on the rapid naming tests than children in the
SCD group. This suggests that while rapid naming ability may not be a useful variable for differentiating between all
three groups of poor readers, it can be used to discriminate between children in dyslexia and SCD groups. Children
in dyslexia and mixed difficulty groups performed significantly more poorly than children in the SCD group on the
rapid naming tests. These two groups of children also performed significantly more poorly on the decoding tests than
children in the SCD group.

Children's age may mediate the relationship between group assignment and rapid naming ability. In this research,
children in the dyslexia group performed significantly worse on the rapid naming tests than children in the SCD
group. Some research suggests that rapid naming difficulties may become more prominent over time in children with
dyslexia (Aratjo & Faisca, 2019). This suggests that the profile that children in the SCD and dyslexia groups exhibit
on rapid naming tests may vary over time. The differences between these groups may be more pronounced in older
children and less pronounced in children who are younger than those who participated in this research.

Research has shown that rapid naming tests are more strongly related to reading fluency tests than reading
accuracy tests across a range of orthographies (Aratdjo et al., 2015). This finding is consistent with the results
reported in this study. Children in the dyslexia group performed significantly more poorly than children in the SCD
group on the rapid naming and reading fluency assessments. This may be because reading fluency and rapid naming
rely on some of the same cognitive processes. Both skills require attention to stimuli, visual processes used to iden-
tify and discriminate between letters, integration of visual information with stored orthographic and phonological
representations, access and retrieval of phonological codes, and articulatory output (Aradjo et al., 2015).

In the current study, the SCD group performed poorly on phonological awareness measures but not rapid nam-
ing measures. This suggests that the rapid naming difficulties exhibited by dyslexia and mixed difficulty groups are
not due solely to phonological awareness difficulties. In addition, previous research has found that rapid naming abil-
ity is a good predictor of reading ability even after controlling for phonological awareness (Aratjo & Faisca, 2019).
This relationship has been found across writing systems (Aratjo & Faisca, 2019) and orthographies of varying com-
plexity (Frith et al., 1998; Handler & Fierson, 2011). These findings indicate that rapid naming ability relies, in part,
on cognitive processes other than phonological awareness. These must be lower-level cognitive processes or skills
that contribute to both alphanumeric naming speed and reading fluency but not phonological awareness.

The SCD group performed at a similar level to that of their typically achieving peers on all the tests that mea-
sured decoding ability (Word Attack, Letter-Word Identification, Word Reading Fluency, and Burt tests), the pho-
neme deletion test (Elision test) and both rapid naming tests. In contrast, these children demonstrated difficulties on
all the tests that assessed language comprehension ability (Oral Comprehension, Oral Vocabulary, and BPVS-IIl tests)
and three other tests that measured phonological awareness ability (Phonological Processing, Blending Words and
Phoneme lIsolation tests). Therefore, broad language difficulties are the defining characteristic of children in this
group.

Children are hardwired to learn language. They do not need explicit instruction to become proficient with their
own language in all but the most language-deprived backgrounds (Bishop & Snowling, 2004). Although most home

environments are sufficient for language development, not all children are exposed to the formal decontextualized
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language that appears in print (Beck et al., 2013). It is possible that the difficulties exhibited by children in the SCD
and mixed difficulty groups are due, in part, to limited experience with the language used in written texts (Beck
etal, 2013).

It is also possible that a variable not assessed in this research could be the root cause of the difficulties exhibited
by this group. For example, in addition to the difficulties identified in this study, children with language comprehen-
sion difficulties have been found to demonstrate impairment on tests that assess syntax knowledge, auditory percep-
tion, and verbal working memory (Leonard, 2014). It is unlikely that one of these variables alone is the root cause of
the language difficulties exhibited by the SCD group because many of the difficulties noted above have also been
observed in children with dyslexia (Bishop & Snowling, 2004; Diamanti et al., 2018; Lauterbach et al., 2017). There-
fore, it is likely that a combination of these factors contributes to the language comprehension difficulties exhibited
by this group. It is also likely that the relative importance of these factors varies from person to person. For example,
the primary cause of one child's language comprehension difficulties may be due to an impoverished home language
environment while another child's difficulties may be due, primarily, to impaired syntactic knowledge, or difficulties
with one or more of the other cognitive processes associated with comprehension. Neurobiological and etiological
factors that include differences in brain structure, as well as associated genetic and environmental causes, will influ-
ence phonological processing, which will in turn influence performance at the behavioural level during reading and
spelling (Bishop & Snowling, 2004; Thapar & Rutter, 2015). Previous research has also found that the comprehension
difficulties exhibited by poor comprehenders are not due to one fundamental weakness (Cain & Oakhill, 2007). This
suggests that educators should first seek to identify what factors contribute to a child's language comprehension dif-
ficulties. They must be mindful that similar performance difficulties at the behavioural level can be due to different
underlying difficulties. Once these factors have been identified, an instructional programme should be devised to tar-
get these difficulties.

The results from this study show that children who exhibit the SCD profile perform at a similar level to that of
children in the dyslexia group on reading comprehension measures. Their average score on the Passage Comprehen-
sion test placed them in the lowest 10th percentile of all readers. Although they performed at a similar level to chil-
dren in the dyslexia group, they may be far more difficult for teachers to identify in the early primary years. Early
reading instruction focuses on the development of decoding skills (Castles et al., 2018). It is likely that children who
struggle with decoding will quickly come to the attention of teachers. These difficulties are characteristic of learners
in either dyslexia or the mixed difficulty groups. In contrast, children in the SCD group may not be identified by
teachers because their decoding ability is similar to that of their typically developing peers. In addition, their language
comprehension difficulties may not yet be apparent because the demands placed on them by instructional texts used
with this age group do not yet exceed their language comprehension ability (Georgiou et al., 2009).

Research has found that children with language difficulties can make significant gains, and maintain them, in
reading comprehension if they are provided with a programme that targets their oral language difficulties
(e.g., Bowyer-Crane et al., 2008; Clarke et al., 2010). It is not just children with SCD that will benefit from this type
of instruction. Both the mixed difficulty and SCD groups demonstrated language comprehension difficulties. These
categories may include over 80% of all struggling readers. Children with language difficulties are often not identified
in schools because of a misconception that children who can participate in social conversations have the necessary
language skills to comprehend written text (Adlof & Hogan, 2019). In addition, school assessments may not be suffi-
ciently sensitive to identify children with language difficulties (Adlof & Hogan, 2019). For these reasons, the most
efficacious approach may be to ensure that all children are provided with reading instruction that also targets lan-
guage comprehension skills.

Children in the mixed difficulty group demonstrated difficulties across all the tests that were administered in this
research. They also performed significantly more poorly than children in the SCD and dyslexia groups on almost all
of the assessments. The SVR predicts that children who perform poorly on both the decoding and the language com-
prehension variables will perform more poorly on measures of reading comprehension than children who perform

poorly on only one of these variables. Notwithstanding this prediction, it was surprising how difficult this group
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found the reading comprehension test. Whereas the average score on the reading comprehension assessment for
dyslexia and SCD groups fell within the bottom 10th percentile, the average score for the mixed difficulty group fell
within the bottom first percentile. This finding is consistent with other studies (Catts et al., 2003; Tunmer &
Chapman, 2007) and indicates that the mixed difficulty group exhibit substantially greater reading comprehension
difficulties than children in the other two poor reader groups. These results suggest that the children in the mixed
difficulty group may require far greater support than children in the two other poor reader categories. This support
should include reading programmes designed to address their reading difficulties. They may also require other

accommodations to mitigate the reading comprehension difficulties they experience.

5 | CONCLUSION

This research indicates that struggling readers can be assigned to one of the three poor reader groups predicted
by the SVR: dyslexia, SCD, and mixed difficulty. These results support predictions that the identification of an
unexplained poor reader group may be due to the methodology used to classify struggling readers. The three poor
reader groups exhibited distinct cognitive profiles characterized by relative strengths and weaknesses in decoding,
language comprehension, phonological awareness, and rapid naming ability. Although relative strengths and weak-
nesses were identified between groups, the average scores for all groups fell below those of typically achieving
children on the decoding and language comprehension constructs. Children in dyslexia and SCD groups performed
at a similar level on the reading comprehension assessment, but both groups exhibited less pronounced reading
comprehension difficulties than children in the mixed difficulty group, who displayed the poorest scores on both
decoding and language comprehension variables. Despite performing at a similar level on the reading comprehen-
sion assessment, dyslexia and SCD groups exhibited different cognitive profiles. These findings emphasize the
importance of assessing children's performance on the skills that underpin reading comprehension in addition to

their reading comprehension ability.
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