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Abstract
Introduction: Reading impairment in children with dyslexia stems from either a phonological awareness deficit or a deficit in rapid automatized naming. Both deficits constitute the double deficit hypothesis of dyslexia. The aim
of the present study was to assess phonological awareness and rapid automatized naming in a group of Greek-speaking children with dyslexia and to correlate their performance in phonological awareness and rapid automatized
naming with reading fluency (accuracy and comprehension) scores. Method:
Participants were 23 children with a formal diagnosis of dyslexia and 27 typically-developing children with no other learning difficulties or dyslexia. All
children were monolingual speakers of Greek and they were administered a
naming speed test, a fluency test, a phonological awareness test and reading
accuracy and comprehension tasks. Results: Students with dyslexia scored
worse in most phonological awareness, rapid automatized naming and reading fluency measures in comparison to their non-dyslexic peers. In addition,
students with dyslexia needed more time to complete the rapid automatized
naming tests. Positive correlations were found between phonological awareness, rapid automatized naming and reading fluency tests for both groups of
students. Specifically, rapid automatized naming and phonological awareness
explained 9.3% and 21.8%, respectively, of the variance in the reading fluency
of students with dyslexia, while the respective contributions of rapid automatized naming and phonological awareness to the reading fluency for
non-dyslexic students were 2% and 9.3%, respectively. Discussion and Conclusion: Phonological awareness and rapid automatized naming can be relia-
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ble predictors of reading fluency even in orthographically consistent languages (i.e., Greek), offering support to the double deficit hypothesis. In addition, combining phonological awareness and rapid automatized naming tests
seems to be a quick and reliable way to early identify children at risk of reading difficulties in the first grades of primary school.
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1. Introduction
There is a significant amount of evidence which suggests that dyslexia is a specific learning disability characterized by poor spelling and decoding abilities,
as well as deficient naming speed for highly familiar items. These difficulties
typically result from a deficit in phonological and low-level lexical activation
processes that are often unexpected in relation to the provision of effective
classroom instruction and the dyslexic individual’s higher-order cognitive abilities that remain largely preserved (Lyon, Shaywitz, & Shaywitz, 2003). The
present study attempts to study the links between phonological skills, rapid automatized naming and reading efficiency in a Greek sample of students with
dyslexia.
More than 40 years have passed since the concept of phonological awareness
(PA) appeared into empirical research on the development of reading skills.
Phonological awareness is generally defined as the metacognitive ability to reflect upon and manipulate the sounds of spoken words. It is a prerequisite skill
of reading development and at the same time an important sub-component of
efficient phonological recoding (Bryant et al., 1989; Caravolas, 2005). An important distinction relevant to phonological awareness is that between implicit and
explicit phonological processing. Implicit phonological tasks are those in which
phonological processing is automatically done, such as verbal short-term memory tasks or rapid automatized naming (RAN). These tasks require access to
phonological codes without any explicit reflection on the sound elements of
spoken words. On the other hand, explicit phonological tasks, which are usually
referred to as PA tasks, require from the child to perceive and manipulate the
sounds in words (Melby-Lervag, Lyster, & Hulme, 2012).
The relationship between PA and literacy acquisition in Greek has recently
become the focus of interest by more researchers. Porpodas (1999) was the first
to observe that children, who had acquired phonological awareness at a satisfactory level at the pre-reading stage, achieved a better level of literacy development
at the end of the first primary year, as compared to their classmates whose level
of phonological awareness was low at the prereading stage. Later on, Chitiri &
Porpodas (2003), Tafa (1997) and Papoulia-Tzelepi (1997) have found a strong
relationship between phonological awareness and literacy acquisition in Greek.
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Although PA is important as all orthographic systems represent phonological
units, it seems to have strong predictive value for the reading speed and orthographic skills in more consistent orthographies, like Greek (Landerl et al., 2019).
Deficits in PA are not the only sources of reading problems. Wolf and Bowers
(1999) argued that RAN speed, i.e. the ability to name as fast as possible visually
presented, highly familiar symbols, is a second core deficit that may lead to
reading disabilities (Papadopoulos, Georgiou, & Kendeou, 2009). After more
than 30 years of research, RAN speed has been found to be strongly related to
reading accuracy (e.g. Spring & Davis, 1988), reading speed (e.g. Berninger et al.,
2001; Wimmer, 1993) and reading comprehension (Heikkilä et al., 2009). In addition, the relationship between RAN and reading appears to depend on the type
of RAN tasks used (alphanumeric vs. nonalphanumeric) and the type of reading
outcomes (reading accuracy vs. reading fluency) that are assessed (Georgiou et
al., 2008). Interestingly, Jones, Snowling, and Moll’s (2016) RAN-letters study
has recently found that the locus of the RAN dimpairment in children with dyslexia does not lie in deficient activation of lexical iformation but is rather due to
strong interferece effects from irrelevant-to-target, visually similar items that the
children with dyslexia were unale to inhibit. The specific findings suggests that
the source of the RAN deficit in dyslexia may be located at the level of higher-order executive function processes, besides lexical activation impairments.
Another imporant element that RAN research has highlighted is the relationship between RAN and reading performance in different developmental stages.
According to Bowey, McGuigan & Ruschena (2005), RAN adds variation to
word reading ability from kindergarten to second grade and from first to third
grade, but not later on. At the first stages of reading development, both letter
knowledge and PA mediate the relationship between RAN and reading performance, whereas at later levels of reading development, it is primarily phonological processing skills that mediate the relationship between RAN and reading. As
a result, RAN is important only in the first few years of reading development
(Georgiou et al., 2008).
Papadopoulos, Georgiou and Kendeou (2009) have posed the question of
whether the coexistence of RAN and PA deficits would result in more severe
reading difficulties than single deficits alone. This hypothesis is also known as
the ‘double deficit hypothesis’. According to relevant research findings, the
children that fall under the double deficit group experience the most severe reading difficulties, followed by the children that fall under the single-deficit (either the
PA or the RAN deficit) groups (Wolf & Bowers, 1999; Wolf et al., 2002). In the
same line, Gharaibeh and colleagues (2019) have examined the reading performance of three groups of children, one with a PA deficit, one with a RAN deficit
and one with double deficit. According to their results, the lowest levels of reading
were observed for the double deficit group followed by the PA and, finally, the
RAN-deficit group. The same pattern of performance has been replicated by Yang
and Pae’s (2018) study in Korean-speaking children with dyslexia.
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There are limited studies of the effects of RAN and PA on reading achievement in Greek. A Greek longitudinal study that has investigated the double deficit hypothesis is one by Papadopoulos, Georgiou and Kendeou (2009). Experimental participants were split into four groups on the basis of two composite
scores of phonological and naming-speed criterion measures: a double deficit
group (DD), a phonological deficit group (PD), a naming deficit group (ND),
and a control group with no deficits (CnD). The results showed that the DD
group exhibited lower performance in reading and orthographic processing
compared to the single deficit (PD or ND) and CnD groups. Crucially, between-group differences were the most striking in grades 1 and 2. This study offered evidence that the double deficit hypothesis also applies to the Greek language although the latter is much more transparent than English in the representation of phonology. Also, the particular longitudinal study showed that the
children falling under the double deficit hypothesis faced the most persistent
reading difficulties at developmental stages.
Another aspect of the double déficit hypothesis concerns the interaction between RAN and PA and the strength of their inter-relation developmentally.
There is evidence that the moderate positive correlation between the two skills
decreases over time (Swanson et al., 2003; Wolf et al., 2002; Wagner, Torgesen,
& Rashotte, 1999), which suggests that both skills contribute individually to
reading variance (Manis, Seidenberg, & Doi, 1999). Interestingly, it has been
found that, even after the effects of PA have been controlled, RAN continues to
contribute significantly to the variance in reading accuracy (Lervåg, Bråten, &
Hulme, 2009; McBride-Chang & Manis, 1996). These findings support the idea
of RAN as a separate subcomponent of one’s reading abilities.
A critical factor regarding the validity of the double deficit hypothesis is the
way it is affected by the transparency of the testing language. Whereas English
has an opaque orthography with no consistent grapheme to phoneme correspendences, German, Dutch, Italian and Spanish are relatively more transparent
languages with more consistent grapho-phonemic mappings. Vaessen and colleagues (2010) found that phonological awareness contributed to reading fluency
to a greater extent in languages with opaque orthographies than in laguages with
transparent orthographies for readers attending grades 1 to 4. However, RAN
contributed to a similar degree to reading fluency regardless of the language’s
transparency (see also Ziegler et al., 2011). In addition, Moll et al. (2009) found
that for typical fourth-grade readers of German, RAN contributed more significantly to reading fluency when compared to PA.
Another point which deserves attention is the type of RAN tasks (alphanumeric and non-alphanumeric) that better correlates with reading accuracy skills.
It has been reported that RAN alphanumeric (i.e. letters and digits) tasks as a
combined measure may better predict word recognition, reading accuracy and
speed as well as reading comprehension than non-alphanumeric (i.e. colours and
objects) tasks (Davis et al., 2001; Misra et al., 2004). However, Meyer et al. (1998)
DOI: 10.4236/ojml.2020.103011
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suggest that RAN non-alphanumeric tasks predict reading fluency and vocabulary more effectively than than RAN letter and digit tasks across all grades.
The enhanced sensitivity of RAN measures to reading has been largely attributed to the degree of stimulus automatization. Researchers that argue that RAN
letter and digit tasks have a strong predictive vaule for reading skills claim that as
chidren grow up they are not sufficiently exposed to colors and object naming tasks
and, as such, they are more familiar with alphanumeric (vs non-alphanumeric)
tasks (Meyer et al., 1998; Misra et al., 2004). On the other hand, researchers who
consider non-alphaneumeric RAN measures to be better predictive indices of an
individual’s reading abilities argue that non-alpaneumeric tap into general
processing speed which is not affected by familiarity with symbols (Van den Bos,
Zijlstra, & Spelberg, 2002; Waber et al., 2000).
Stanovich (1988) and Fawcett & Nicolson (1994) claim that there is solid evidence of a deficit in the early phonological skills of children with dyslexia which
is accompanied by abnormally slowed speed of auditory processing and an impairment in the ability to detect visual flickers (Lovegrove, Garzia, & Nicholson,
1990). One of the most important aspects of the RAN tasks is their sensitivity to
dyslexia, since RAN has been found to differentiate children with dyslexia both
from groups with diverse learning disabilities, other-than-dyslexia and from
typically-developing controls (Fawcett & Nicolson, 1994). As Waber et al. (2000)
mention, different diagnostic groups may demonstrate naming speed deficits for
different reasons. For several researchers (e.g. Brizzolara et al., 2006; Misra et al.,
2004; Savage et al., 2007; Wimmer & Mayringer, 2002), deficits in RAN are the
best predictive markers for dyslexia-related difficulties in children and adults.
Crucially, the same studies point out that RAN tasks have a strong long-term
predictive value for dyslexia diagnosis in languages with transparent orthographic systems.
Fawcett and Nicolson (1994) have investigated children’s naming speed in tasks
with stimuli of diverse forms. Seven groups of children, comprising three groups
of children with dyslexia, three groups of normally-achieving children matched for
age and IQ with the dyslexic groups, and a group of 10-year-old children with mild
learning difficulties (slow learners) took part in the study. According to the results,
children with dyslexia exhibited persistent, and unexpectedly severe naming speed
deficits across all stimuli conditions, regardless of whether the stimulus required
grapheme-phoneme decoding. The authors concluded that children with dyslexia
may have impaired speed of access to their lexicon for all types of stimuli, irrespective of the mode of stimulus presentation (Fawcett & Nicolson, 1994: p. 9). The
inter-relationship between RAN, PA and reading in different languages and grade
levels seems to be promising for the development of tools targeting the early identification of dyslexia and reading difficulties.

2. Objectives and Hypotheses
The aim of the present study was to examine the relationship between RAN, PA
DOI: 10.4236/ojml.2020.103011
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and reading in a sample of Greek students with a diagnosis of dyslexia and an
age- and IQ-matched control group. The current study sets the following research questions and hypotheses:
Question 1. Will there be any differences between dyslexic and non-dyslexic
children in RAN and PA measures?
Hypothesis 1. We hypothesized that dyslexic students in our study would
perform significantly lower than controls in both RAN and PA measures, in line
with a number of studies reporting RAN and PA deficits driven by dyslexia
(Porpodas, 1999; Chitiri & Porpodas, 2003; Tafa, 1997; Papoulia-Tzelepi, 1997).
Question 2. Will students with dyslexia differ from their matched controls in
reading fluency measures?
Hypothesis 2. Based on previous evidence (Porpodas, 1999; Chitiri & Porpodas, 2003; Tafa, 1997) that reading dysfluency is one of the major disabling features of dyslexia, we hypothesized that the children with dyslexia in the current
study would exhibit lower performance than their matched controls in reading
fluency measures.
Question 3. Which RAN measure(s) correlate(s) best with PA and reading
measures in dyslexic and non-dyslexic students?
Hypothesis 3. Based on the majority of previous studies (e.g. Davis et al., 2001;
Gharaibeh et al., 2019; Jones et al., 2016; Misra et al., 2004) claiming that RAN
digit tasks are more powerful predictors of dyslexic children’s reading performance relative to object naming tasks, we hypothesized that digit-naming measures in the current study would explain a larger amount of variance in children’s
reading performance than pictured object naming.
Question 4. What is the contribution of RAN and PA in the reading fluency of
each group?
Hypothesis 4. Though the evidence on the joint contribution of the RAN and
PA deficits in dyslexia is limited and hints at the fact that RAN deficits load
more on dyslexic children’s reading fluency compared to PA deficits (Gharaibeh
et al., 2019; Papadopoulos et al., 2009; Yang & Pae, 2018), we hypothesized that
deficits in RAN would account for higher amounts of variance of the children’s
reading performance than the PA deficit.

3. Method
3.1. Participants
Fifty Greek-speaking children (26 boys and 24 girls; mean age: 8 yrs.; grades: 2nd
to 4th) took part in the study. Children were recruited from two areas of the city
of Athens and they all had an average socioeconomic status. Twenty-three
children (15 boys and 8 girls) had a formal diagnosis of dyslexia or reading difficulties, and twenty-seven (9 boys and 18 girls) had no learning, behavioural or
sensory difficulties. Children from both groups (dyslexic and control) were
matched for grade, age and general cogntitive ability/IQ. The later was measured
by the Raven Colored Progressive Matrices (RCPM). Raven scores were within
DOI: 10.4236/ojml.2020.103011
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normal range for both groups. No significant differences in the RCPM were
found between students with dyslexia and controls (p = 0.05).

3.2. Measures
Naming speed tests (picture and digit)
Picture and digit naming tests are part of the Phonological Assessment Battery
(Frederickson, Frith & Reason, 1997). They assess a child’s speed of phonological
production. More specifically, they evaluate a child’s response to visual stimuli
presented in random order from left to right. The time that the child needs to
complete the tests is calculated along with the errors made. These two tasks are
non-verbal, thus, they can be administered to non-English speaking children.

Fluency Test
The Fluency Test which is part of the Phonological Assessment Battery
(Frederickson, Frith, & Reason, 1997), evaluates a child’s ability to recall phonological and semantic representations from long-term memory and to name them
quickly within a time limit of 30 seconds. The Fluency Test consists of three
subtests (semantic, alliteration and rhyme). A total score was calculated based on
the number of the words recalled during the time limit in each sub-test.

The Stroop Color and Word Test
The Stroop Color and Word Test (SCWT) assesses one’s ability to inhibit interference, (Stroop, 1935). In this task, subjects were required to read three different tables as fast as possible. In two of them, children were required to read
names of colors (color-words) printed in black ink and name different color
patches. Conversely, in the third table, named as the color-word (CW) condition, color-words were printed in an inconsistent color ink (for instance the
word “red” was printed in green ink). Thus, in the incongruent condition, participants were required to name the color of the ink instead of reading the word
(Scarpina & Tagini, 2017). Errors and speed of performance were calculated for
each child in each table and a total Stroop time and Stroop performance score
was obtained. While the SCWT is primarily used to measure the ability to inhibit
interference (the Stroop effect), in the present study it has been used as a measure of processing speed and working memory (Jensen, 1965; Kane & Engle,
2003).

A Greek Informal Battery of Phonological Awareness
A non-standardised Test of Phonological Awareness was designed by the researchers of the current study to assess four aspects of phonological processing:
sentence awareness, syllabic awareness (analysis and synthesis), phonemic
awareness (analysis and synthesis) and rhyme awareness (recognition and production). Examples were given for each task before testing. Correct answers were
scored with 1 while wrong answers with 0. The sentence awareness had a score
of 0 - 7, the syllabic awareness a score of 0 - 28, the phonemic awareness a score
of 0 - 28 and the rhyme awareness a score of 0 - 14. A total PA score was calculated per child by adding the subscores.
DOI: 10.4236/ojml.2020.103011
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The Greek Test of Reading Fluency (Zeliou, Sini, Anagnostopoulou, &
Lazaratou, 2008).
The Greek Test for Reading Fluency consists of one text which is based on a
Greek myth. The text is accompanied by nine questions that assess reading
comprehension. It is standardised for 7-to-8 year old Greek-speaking children
with high reliability and validity scores for reading time, reading errors and
comprehension (Zeliou et al., 2008). The child was asked to read aloud the text
and his/her reading was tape-recorded so that his/her errors could be analysed
through miscue analysis. The total reading time the child needed to read the text
from the first to the last word was recorded. The child’s oral answers to the nine
comprehension questions were also evaluated and counted. A composite score of
reading fluency based on the child’s reading accuracy, speed and reading comprehension was calculated (see the Appendix).
According to the reliability analysis, Cronbach a = 0.713 was obtained for the
33 items (variables) of the study. The individual Cronbach a value for each test
were: Naming Speed a = 0.604, Fluency Test a = 0.751, Stroop Test a = 0.520,
Phonological Awareness a = 0.542, reading a = 0.887. Because of the small sized
experimental sample, it was difficult to obtain a higher reliability index for each
of the sub-tests. In addition, the tests that have been administered in the present
study were piloted with three children so as to make sure that the instructions
and the tasks would be understandable by children of all ages.

3.3. Procedure
Both groups of children completed the following tasks in a fixed order: 1) picture and digit naming tests, 2) the reading fluency test, 3) the Stroop color and
word test, 4) the phonological awareness test battery, and, finally, 5) the Greek
test of reading fluency. Written permission from the parents was obtained prior
to testing. Children were tested individually in a quiet room by the second author during school hours. Participants completed the tasks in three different
testing sessions (the first included the picture and digit naming tests (1st session
duration: 20 minutes approximately), the second included the reading fluency
test and the Stroop color and word test (2nd session duration: 30 minutes approximately), and the third session included the phonological awareness test
battery and the Greek test of reading fluency (3rd session duration: 40 minutes
approximately), separated by a minimum duration of 1 week. Data collection
took place over a period of two months (October-November 2019). All tests
were scored separately by the first and second authors following the guidelines
of each test. Scores per test were the compared, with the comparison reaching
98% agreement.

3.4. Data Analysis
Statistical analysis was carried out with SPSS version 19. A preliminary analysis
was made to test the normality of the variables through the Shapiro-Wilk test (N
DOI: 10.4236/ojml.2020.103011
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< 50). The variables did not have a normal distribution, therefore, non-parametric
statistics were used to compare the scores of dyslexic and control children. Descriptive and inferential statistics were used to analyze the data and regression
models were used to investigate the extent to which RAN and PA predicted the
groups’ reading fluency (accuracy and comprehension).

4. Results
Table 1 presents the descriptive statistics for the RAN measures used in the
study.
The next Table 2 presents the descriptive statistics for the RAN measures.
In the next section (Table 3) we see the descriptive statistics for the PA
(sub-categories and total score) as well as the reading fluency measures.
To compare the scores of students with dyslexia and the control group, a
Mann-Whitney test was performed. The between-group comparisons for the
RAN measures are presented in Table 4.
Table 1. Means (and SD) of dyslexic and control groups’ accuracy performance in the
naming, fluency and Stroop measures.

DOI: 10.4236/ojml.2020.103011

Variables

Groups (N)

Mean

SD

Min

Max

Naming Objects Card 1

Dyslexic (23)
Control (27)

48.2
49.6

2.5
0.7

41
47

50
50

Naming Objects Card 2

Dyslexic
Control

47.9
49.5

3.2
1.0

35
47

50
50

Digit Naming Card 1

Dyslexic
Control

48.9
49.7

1.6
0.6

43
48

50
50

Digit Naming Card 2

Dyslexic
Control

48.9
49.9

2.2
0.2

42
49

50
50

Naming Objects and Digits Total Score

Dyslexic
Control

194.1
198.7

6.5
1.5

174
194

200
200

Fluency Semantic

Dyslexic
Control

13.00
19.2

2.8
3.7

8
12

20
27

Fluency Alliteration

Dyslexic
Control

9.4
12.00

3.6
4.2

4
7

18
23

Fluency Rhyme

Dyslexic
Control

5.5
10.8

3.4
3.9

1
4

14
18

Total Fluency Score (Ph.AB)

Dyslexic
Control

27.8
40.2

7.3
11.8

15
9

48
60

Stroop 1 Reading B + W words

Dyslexic
Control

11.4
11.5

0.7
0.5

9
11

12
12

Stroop 2 Reading Colored words

Dyslexic
Control

11.7
12.00

0.6
0.0

10
12

12
12

Stroop 3 Naming Word Color

Dyslexic
Control

11.2
11.5

0.9
0.7

9
10

12
12

Stroop Total score

Dyslexic
Control

34.3
35.1

1.6
0.9

30
33

36
36
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Table 2. Means (and SD) of dyslexic and control groups’ timing performace in the naming, fluency and Stroop measures.
Variables

Groups (N)

Mean

SD

Min

Max

Naming Objects Card 1 time (sec)

Dyslexic (23)
Control (27)

71.3
47.8

20.3
9.5

48
47

116
50

Naming Objects Card 2 time (sec)

Control
Dyslexic

68.7
47.6

21.8
10.7

12
26

117
68

Naming Objects average time (sec)

Dyslexic
Control

72.3
47.1

20.3
11.1

46
26

118
68

Digit Naming Card 1 time (sec)

Dyslexic
Control

39.3
32.7

13.1
9.7

21
20

69
52

Digit Naming Card 2 time (sec)

Dyslexic
Control

40.0
32.7

14.5
9.9

22
21

80
52

Digit Naming Average time (sec)

Dyslexic
Control

39.9
32.7

13.3
9.7

25
21

75
52

Naming (Objects and Digits) average time (sec)

Dyslexic
Control

56.7
39.8

14.3
9.8

37
24

87
57

Stroop 1 Reading B + W words time

Dyslexic
Control

15.0
8.5

6.9
2.7

6
4

32
15

Stroop 2 Reading Colored words time (sec)

Dyslexic
Control

14.2
9.0

7.3
3.1

5
4

34
16

Stroop 3 Naming Word Color time (sec)

Dyslexic
Control

29.2
20.1

13.7
5.1

12
13

70
34

Stroop Total time score (sec)

Dyslexic
Control

58.6
37.3

22.6
8.1

23
25

112
51

Table 3. Means (and SD) of dyslexic and control groups’ performance in the PA and
reading measures.

DOI: 10.4236/ojml.2020.103011

Variables

Groups (N)

Mean

S.D

Min

Max

Phonological Awareness Sentence

Dyslexic (23)
Control (27)

3.1
5.1

1.2
1.3

0
3

5
7

Phonological Awareness Syllables

Dyslexic
Control

26.5
27.3

1.6
2.7

22
14

28
28

Phonological Awareness Phonemes

Dyslexic
Control

17.1
21.2

5.4
4.1

8
12

26
28

Phonological Awareness Rhyme

Dyslexic
Control

8.9
12.0

2.5
1.3

3
9

13
14

Phonological Awareness Total

Dyslexic
Control

55.3
65.6

7.6
6.1

42
56

72
76

Reading accuracy score

Dyslexic
Control

2.3
4.2

0.7
0.8

1
2

3
5

Reading comprehension

Dyslexic
Control

3.2
4.5

1.2
0.6

1
3

5
5

Reading Time

Dyslexic
Control

1.7
4.1

0.7
1.0

1
2

3
5

Reading Fluency (combined) score

Dyslexic
Control

4.1
8.4

1.1
0.0

2
5

6
10
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Table 4. Results of the Mann-Whitney test in the RAN measures.
Variables

Mann-Whitney U

Z

Sigificance
(2-tailed)

Naming Objects Card 1 Score

222.000

−1.979

0.048*

Naming Objects Card 2 Score

170.500

−3.046

0.002**

Digit Naming Card 1 Score

219.000

−2.120

0.034*

Digit Naming Card 2 Score

212.000

−2.865

0.004**

Naming Objects and Digits Total Score

141.000

−3.374

0.001**

Fluency Test Semantic Score

53.000

−5.027

0.000***

Fluency Test Allieration Score

202.500

−2.113

0.035*

Fluency Test Rhyme Score

100.000

−4.109

0.000***

PhaB Fluency Test Total Score

102.500

−4.052

0.000***

Stroop 1 Reading B+W Words Score

307.500

−.067

0.946

Stroop 2 Reading Colored Words Score

256.500

−2.235

0.025*

Stroop 3 Naming Words Color Score

244.500

−1.465

0.143

Stroop Total Score

228.000

−1.679

0.093

Naming Objects Card 1 Time (sec)

70.500

−4.674

0.000***

Naming Objects Card 2 Time (sec)

96.500

−4.168

0.000***

Naming Objects Average Time (sec)

74.500

−4.598

0.000***

Digit Naming Card 1 Time (sec)

211.500

−1.929

0.054

Digit Naming Card 2 Time (sec)

215.500

−1.852

0.064

Digit Naming Average Time (sec)

202.500

−2.105

0.035*

Naming Obj-Dig. Average Time (sec)

104.000

−4.024

0.000***

Stroop 1 Reading B + W Words Time

95.500

−4.205

0.000***

Stroop 2 Reading CW Time (sec)

146.000

−3.216

0.001***

Stroop 3 Naming Words Color Time (sec)

175.000

−2.642

0.008**

Stroop Total Time (sec)

104.000

−4.022

0.000***

*p < 0.05, **p < 0.01, ***p < 0.001.

The results of the Mann-Whitney test for the PA and reading tasks are presented in Table 5.
Pearson’s bivariate correlations were conducted among the RAN, PA and
reading measures to investigate their interrelationship. The output of the correlations is summarized in Table 6.
Linear regression analyses were subsequently performed to examine the effect
of RAN and PΑ on reading separately for the dyslexic and the control group.
The results for the dyslexic and the control group are presented in Table 7 and
Table 8, respectively.
To summarize, RAN and PA were found to explain 2.0% and 9.3%, respectively, of the variance in reading fluency for the control group. On the other
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hand, RAN and PA were found to explain 9.3% and 21.8%, respectively, of the
variance in reading fluency for the group with dyslexia.
Table 5. Results of the Mann-Whitney test for the PA and reading measures.
Variables

Mann-Whitney U

Z

Significance
(2-tailed)

Phonological Awareness Α: Sentences

90.500

−4.369

0.000***

Phonological Awareness B: Syllables

153.000

−3.579

0.000***

Phonological Awareness C: Phoneme

173.000

−2.685

0.007**

Phonological Awareness D: Rhyme

82.000

−4.492

0.000***

Phonological Awareness Total

89.000

−4.331

0.000***

Reading Accuracy score

46.000

−5.329

0.000***

Reading Comprehension

105.000

−4.233

0.000***

Reading Time

40.000

−5.413

0.000***

Reading Fluency (composite score)

16.000

−5.799

0.000***

Table 6. Correlations between the RAN, PA and reading measures.
NOBD total
PA total

Fluency total

Stroop total

NO + ND time

Stroop time

0.404**
0.004

0.398**
0.004

−0.436**
0.000

−0.545**
0.000

0.361*
0.010

−0.706**
0.000

−0.622**
0.000

Read.acc.

0.516**
0.000

0.599**
0.000

Read.compr.

0.313*
0.027

0.624**
0.000

−0.515**
0.000

−0.471**
0.001

Read.time

0.404**
0.004**

0.668**
0.000

−0.675**
0.000

−0.540**
0.000

Reading
fluency

0.479**
0.000

0.687**
0.000

−0.740**
0.000

−0.626**
0.000

0.331*
0.019

*Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed);
Note: NOBD total: Naming Objects and Digits total score, NO + ND time: Naming Objects and Digit time,
PA total: Phonological Awareness Total, Read. acc: Reading accuracy score, Read.compr: Reading Comprehension Score, Read.time: Reading time.

Table 7. Regression analysis for the dyslexic group
Model Summary
Model

R

1

0.305

a

R Square

Adjusted R Square

Std. Error of the Estimate

0.133

0.093

1.163

Model Summary
Model

R

R Square

Adjusted R Square

Std. Error of the Estimate

1

0.467b

0.255

0.218

1.079

a. Predictors: (Constant), Naming Objects and Digits Total Score (RAN); b. Predictors: (Constant), Phonological Awareness Total.
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Table 8. Regression analysis for the control group
Model Summary
Model

R

R Square

Adjusted R Square

Std. Error of the Estimate

1

0.142a

0.021

0.020

1.639

Model Summary
Model

R

R Square

Adjusted R Square

Std. Error of the Estimate

1

0.304b

0.130

0.093

1.577

a. Predictors: (Constant), Naming Objects and Digits Total Score (RAN); b. Predictors: (Constant), Phonological Awareness Total

5. Discussion
The aim of the present study was to examine the performance of Greek students
with dyslexia and controls in different RAN, PA and reading measures. Overall,
the study found that students with dyslexia performed significantly worse than
matched controls in the tasks tapping into PA and RAN, and, crucially, that PA,
rather than RAN, was the strongest predictor of both dyslexic and control
groups’ reading accuracy and comprehension performance.
The first aim of the study was to investigate whether the students with dyslexia would exhibit any PA or/and RAN deficits. Our finding replicated previous
research in that the students with dyslexia scored worse in the Naming Speed
(object and digits) and the fluency test in comparison to their non-dyslexic
peers. In addition, students with dyslexia took longer than normal readers to
complete all RAN tests, which suggests that they had slower speed of processing
when they were presented with naming tasks in general. Similar findings have
been reported by Fawcett and Nicolson (1994), although the source of slow
naming ability may be attributed to general cognitive skills (Heikkilä et al.,
2009). Denckla and Rudel (1976) noted that timing performance in RAN was
related to how “automatized” the naming process was. According to Wolf and
Bowers (1999), RAN (especially letter and digit tests) draws on a variety of cognitive, attentional and linguistic resources. Slow RAN performance may, thus,
reflect a breakdown within a specific sub-process or a failure to integrate information from all relevant sources (Wolf & Bowers, 1999). The timing dimension
of the RAN tasks seems to be an important factor to examine in with dyslexic
students and controls. The analyses also yielded high statistically significant differences between dyslexic students and controls in all PA measures.
What should be noted, however, is that, while dyslexic students showed longer
response times than typically-developing children, there were no significant between-group differences in the raw accuracy measure of the Stroop test. This
finding implies that the children with dyslexia that participated in the current
study had no inhibition deficit and managed to effectively suppress interfering
no-relevant-to-task stimuli along with their matched controls. This pattern
comes into contrast with Jones et al.’s (2016) study that found that children with
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dyslexia had persistent difficulty inhibiting interfering stimuli in a Stroop-switch
task. We hypothesize that the difference between Jones et al.’s (2016) and our
study stems from the different ages of participant groups, since students in the
current study attended primary school, while students in Jones et al.’s (2016)
study attended tertiary education. The fact that university students with dyslexia exhibited an inhibition deficit as evinced by the stroop task, while our
students did not exhibit, implies that inhibitory skills in dyslexia may worsen
with age. In general, Stroop tests tap into a variety of executive functions including processing efficiency, inhibition and cognitive flexibility (Scarpina & Tagini, 2017). They require rapid processing of text and increased speed and accuracy of reading, but according to Logan (1997) automaticity is probably not a unitary
construct when it applies to reading development. Since no single component can
be identified as being responsible for the dyslexic students’ control-like accuracy
performance in the Stroop task of the current study, our assumptions should be
treated with caution and be replicated by longitudinal study designs.
The second research question of our study concerns the students’ performance in the reading tasks. The analyses yielded highly statistically significant
differences between dyslexic students and controls in all reading measures.
Reading time as a variable of reading fluency has been found to give raise to significant differences between dyslexic and control groups in a number of studies
(e.g. Diamanti et al. 2018; Fischer & Weber, 1990; Nicolson & Fawcett, 1994)
which implies that timing measures (besides offline tests) should be taken into
account when researchers and teachers test children’s reading fluency.
The third question of the study sheds light into the type of RAN measure(s)
that correlated best with PA and reading measures in dyslexic and non-dyslexic
students. RAN object and digit subtests were found to have a similar effect on
the children’ reading skills, in spite of the fact that the RAN object test is a
non-alphanumeric measure and RAN digit is an alphanumeric measure. This
pattern of performance may be attributed to the fact that the students of our
sample were exposed to the same degree to both types of stimuli. According to
Misra et al. (2004), RAN objects and color measures are reliable predictive indicators of reading skills only for students attending the first grades, while RAN
letter and number measures retain their predictive value for typical readers’
reading performance for many years until adulthood. Furthermore, the correlations found between the experimental variables offer an interesting picture of the
interrelationship between PA, RAN and reading. Naming (Objects and Digits)
(representing RAN) had a medium but significant positive correlation with all
reading measures, thus, hinting at its role as an underlying mechanism of reading processes. It also had a weaker, though significant positive correlation with
the Stroop accuracy score and a medium negative correlation with the timing
variables of the Naming Object, Digit Naming, and Stroop tasks. Also, the fluency variable had a medium to high significant correlation with PA and all
reading measures, and a negative medium to high correlation with the timing
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variables of the Naming Object, Digit Naming, and Stroop tasks. The Stroop
time correlated negatively with PA and the reading measures, which is in line
with Protopapas, Archonti and Skaloumbakas’s (2007) finding that greater
Stroop interference was linked to lower reading skills for dyslexic students attending the 7th grade sample. The correlations holding between PA and reading
measures (accuracy, time and comprehension) were found to be high in our
study. This is in line with previous research in languages with an alphabetic
script (Porpodas, 1999; Snowling, 2000; Brizzolara et al., 2006; Papadopoulos et
al., 2009) that offer converging evidence for PA’s high predictive value of early
reading performance in terms of both reading accuracy and comprehension.
Our findings particularly corroborate the assumption that children experiencing
phonological difficulties at first grade are at risk of developing reading difficulties later on in their lives (Bradley & Bryant, 1983).
The final research question of the current study relates to RAN’s and PA’s potentially distinct contributions to the reading fluency of each experimental
group. According to our results, the contributions of RAN and PA have been
found to be stronger for the dyslexic group than the controls. This finding is in
line with the literature underlying the predictive value of RAN and PA tests in diagnosing dyslexia and related learning difficulties even in grapho-phonemically
transparent languages (Brizzolara et al., 2006; Misra et al., 2004; Savage et al.,
2007; Papadopoulos, Georgiou, & Kendeou, 2009). The present study adds to the
ongoing discussion about the deficits in RAN and PA in Greek-speaking children with dyslexia and highlights the need to to further explore the double deficit
hypothesis. The predictive value of the RAN measures was found to be stronger
for the dyslexic children in the current study, which highlights the role of the
specific cognitive skill in predicting reading achievement in the specific population.
Characterization of reading deficits in dyslexia through the lens of PA and,
especially, RAN impairments may have important implications for both understanding the cognitive domains or skills that are vulnerable to delay in dyslexia
and designing potentially targeted interventions. Specifically, deficits in PA and
RAN should be detected as soon as possible to prevent reading failure and related learning difficulties (Fawcett & Nicolson, 1994; Brizzolara et al., 2006).
Specialists may also take advantage of PA and RAN measures to early detect the
skills that need to be trained in the children before they receive reading instruction. Furthermore, children with dyslexia may benefit from interventions focusing primarily on the enhancement of phonological awareness and confrontation
naming which may lead to growth in their reading skills.
There are specific limitations to this study. First, the results cannot be generalised because of the small sample that prevented us from investigating a wider
age range. Second, we didn’t use standardized measures in Greek for all the testing variables, and as such we should be cautious while interpreting the findings.
Third, the size of the sample did not allow a more sophisticated statistical analyDOI: 10.4236/ojml.2020.103011
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sis (e.g. structural equation model) design to study in depth the extent to which
reading is mediated by PA and RAN.

6. Conclusion
To sum up, the overall findings have practical implications in that they highlight
the utility of PA and RAN measures in dyslexia assessment, and more specifically, in the evaluation of dyslexic children’ cognitive and naming abilities. The
findings stress the need to design and implement intervention programs and
remedial teaching activities to train students in PA and RAN skills in order to
improve their reading performance.
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Appendix
Table A1. (a) provides the scoring system of the reading task (accuracy, reading time and
reading comprehension). The task included 5 assessment levels per category. (b) presents
the composite scores on reading based on reading speed and the number of errors.
(a)
Time

Scores

Reading errors

Scores

Read. Compr.

Scores

0 - 66"

Very Fast 5

0-3

Minimum 5

21 - 24

Very good 5

67" - 82"

Fast 4

4-5

Very Few 4

18.5 - 20.5

Good 4

83" - 95"

Normal 3

6-8

Few 3

16.5 - 18.0

Moderate 3

96" - 120"

Slow 2

9 - 14

Enough 2

13.5 - 16.0

Low 3

121"+

Very Slow 1

15+

Many 1

0.0 - 13.0

Very low 2

(b)

DOI: 10.4236/ojml.2020.103011

Reading errors/time
(per sec.)

(15+) 1

(9-14) 2

(6-8) 3

(4-5) 4

(0-3) 5

(121"+) 1

2

3

4

5

6

(96" - 120’’) 2

3

4

5

6

7

(83" - 95") 3

4

5

6

7

8

(67" - 82") 4

5

6

7

8

9

(Up to 66") 5

6

7

8

9

10

194

Open Journal of Modern Linguistics

