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ABSTRACT

Until recently the vast majority of dyslexia research focused on English-speaking
and children population, who tend to read significantly slower but mainly inaccurate-
ly, due to the inconsistency of the English language. This led to the wrong assumption
that the main feature of dyslexia is inaccurate reading. However, results of research
in phonologically consistent languages, such as Greek, Italian, German, Finnish,
showed that reading speed is the main deficit of dyslexic readers in either children
or adult population. The aim of this research was to investigate the differences in read-
ing performance (reading speed, accuracy and comprehension) between Greek dyslexic
university students and age-matched normal controls. A group of 26 Greek dyslexic
university students was compared to a group of 28 non-dyslexics matched for age, sex
and socio-educational level.

All participants in the dyslexic group had a formal diagnosis of dyslexia. Results
showed that dyslexics attained statistically significantly slower reading speed and made
more reading errors compared to controls in all testing procedures (p<.001). However,
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dyslexics read at almost the same speed in both the aloud and silent reading condi-
tions (p>.05) in contrast to non-dyslexics who read significantly faster in the silent
condition (p<.05). Greek dyslexic university students were accurately differentiated
from non-dyslexics based on the reading speed only (accuracy level 98.1%).

Key-words: dyslexia, adults, University students, reading, reading speed, reading
accuracy and comprehension.
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INTRODUCTION

The significance of reading is undoubted today, while learning to read efficiently
is a main educational aim. Reading is one of the greatest challenges that students
have to encounter daily at university and professional life, especially dyslexics,
for whom it is a really hard and demanding process.

Reading is the process of extracting and constructing meaning from a text
for a purpose. It is a complex function depending on adequate development of two
processes: decoding and comprehension which is the aim of reading.

Decoding involves the identification of written symbols and their translation
into pronunciation. Research in the field of specific learning disabilities indicated
that reading disabilities are primarily manifested in decoding ability and, hence,
dyslexia could be defined as a decoding deficit (Pavlidis, 1990; 2017).

Reading comprehension involves integration of the meanings of written words
and sentences in ways that facilitate understanding and perceiving the ideas
represented. In brief, comprehension is the purpose of reading.

Decoding and comprehension are two distinctive components of the reading
ability. Different parts of the brain are responsible for the different cognitive
functions of reading (Geschwind, 1986). Decoding and comprehension are
inextricably related. If decoding is inadequate, then purpose of reading is not
accomplished. Similarly, there is no successful reading, if the meaning of the word
decoded is not adequately perceived. Good decoding skills are the prerequisites
for good comprehension.

The aim of the research is to investigate to what extent the reading process
is affected by biological-constitutional factors, such as dyslexia.

Dyslexia is the most common among Specific Learning Disabilities affecting
80% of learning disabled individuals. The incidence of dyslexia in children ranges
between 5.3 — 11.8% (Pavlidis, 1981; 1985; 1986; 1990).

Most dyslexia definitions describe dyslexia as a neurobiological condition that
is initially characterised by severe difficulties in learning to read, and later by erratic
spelling, major difficulties in transferring thoughts into written form and significant
discrepancies between written and oral performance and among cognitive abilities,
effort and school performance (Critchley, 1981; Pavlidis & Giannouli, 2014).
Dyslexia is not caused by any known sensory, medical, intelligence, psycho-
educational, emotional or environmental factors (Critchley, 1981; Pavlidis, 1990).
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It is well established the hereditary nature and the strong genetic origin of dyslexia
(Geschwind, 1986) with 4 boys to 1 girl, worldwide.

Until recently the vast majority of dyslexia research focused on English-speaking
and children population (primary school pupils and adolescents). Quite recently,
dyslexia began to be researched within higher education, as a result of the steady
increase of the number of dyslexic students who enter higher education institutions.

Theincidence of dyslexiain higher education varies because of the different criteria
used for its definition and evaluation. In the UK, 2% of students that entered higher
education institutions in the academic year 2001-2002 were dyslexics compared
to 1.35% in the academic year 1996-1997. However, almost half of the them had not
been diagnosed before entering higher education (Singleton & Aisbitt, 2001).

In Greek universities, the incidence of dyslexia is estimated at barely 0.16%,
(Stampoltzis & Polychronopoulou, 2008). However, the actual incidence of dyslexia
in higher education is difficult to be estimated (Mortimore & Crozier, 2006),
as many dyslexic students decide not to disclose dyslexia upon admission to higher
education. It is comforting, though, that the number of dyslexics entering Greek
institutions seems to grow over the years following the gradual increase of dyslexic
students in higher education reported in other countries.

Among the few dyslexia studies that focused on adult population, much evidence
in English concerns adult population in general (not university students necessarily)
with childhood diagnoses of dyslexia (Felton et al., 1990; Ransby & Swanson, 2003,
etc.). Few studies until now have compared the reading performance of adult
dyslexic university students and normal controls in English (Hatcher et al., 2002;
Hanley, 1997; Bruck, 1990), which is a phonologically inconsistent language, even
fewer in other languages (Leinonen et al., 2001; Miller-Shaul, 2005; Lehtola & Lehto,
2000; Laasonen et al., 2012, etc.), while none in Greek, a phonologically consistent
language.

Most studies conducted in English focused on deficits in phonological awareness
and inaccuracy in phonological decoding even for adults with dyslexia (Felton et al.,
1990; Bruck, 1993; Hanley, 1997). Such research findings led to the major assumption
that the main feature of dyslexia is inaccurate reading. However, they did not fully
investigate the relationship between reading speed and adult dyslexia. On the other
hand, in more regular orthographies, studies concentrated on the slow reading
speed as the main manifestation of dyslexia without accuracy being necessarily
affected (Wimmer, 1993; Landerl et al., 1997; Ziegler et al., 2003). Nevertheless, these
studies involved children population, while few studies referred to adult population
(Lehtola & Lehto, 2000; Laasonen et al., 2012). These studies similarly suggested
that the regularity of the orthography seems to have an impact on the manifestation
of dyslexia in different languages. In regular orthographies, the consistency
of grapheme-to-phoneme correspondence enables relatively accurate decoding
(Leinonen et al., 2001), but at the expense of reading speed. Lehtola & Lehto (2000)
concluded that the slow reading speed was the most typical characteristic of Finnish
dyslexics. Similarly, Laasonen and colleagues (2012) found that 58% of their dyslexic
participants fell into the subgroup “slow but accurate”, while the remaining 42%

103



The Modern Higher Education Review Ne 4, 2019 ISSN 2518-7635 (Print)

fell into the other two subcategories. Such a distribution indicates that most adult
dyslexics are mainly impaired in reading speed and to a smaller extent in reading
accuracy, in a shallow orthography at least.

Such findings suggested that different language structures produce different rates
of errors and that the more transparent-regular languages produce fewer reading
errors from those found in less transparent ones. The slow reading speed is evident,
irrespective of language structure, however.

Interestingly though, no studies have ever investigated the reading speed,
accuracy and comprehension skills of adult dyslexic (university) students in Greek.
Greek language - phonologically consistent and transparent language - has a lot
of differences compared to other languages like English — phonologically inconsistent
(Pavlidis & Giannouli, 2003). According to similar findings in other regular
orthographies, these differences are likely to affect the reading process and strategies
that Greek dyslexics use, because any phonological barriers that could be negatively
affecting the reading performance in an inconsistent-irregular language do not exist
in a consistent-regular one.

Taking into consideration the former assumptions, the aims of the study are
to investigate:

a) the differences in the reading performance (reading speed, accuracy
and comprehension) between Greek Dyslexic University students and age-matched
normal controls;

b) the symptoms of dyslexia that remain in adult dyslexic students, and

c) how can they be differentiated from non-dyslexics?

We hypothesized that dyslexics will be slower and less accurate in reading while
they will attain similar level of comprehension compared to their non-dyslexic
peers. Similarly, based on research findings in other phonologically consistent-
transparent languages like the Greek, we hypothesized that the reading speed will
best differentiate adult dyslexic from non-dyslexic readers.

METHOLOGY

Design

The present study was an “experimental” research as the testing conditions
were controlled and manipulated by the researcher. The independent variable
was the different levels of the grouping variable (dyslexics & controls) and the set
of dependent variables were the categories and subcategories of reading
errors, reading speed and comprehension. All the usual-necessary procedures
in conducting experimental research were followed (hypotheses, design, validity &
reliability of the instrument, etc.). The experimental design was a “Between Groups”
design, because data derived from different groups of participants. The aim was
to test the differences between the levels of the grouping variable on each dependent
variable. However, as it was of major interest to investigate how each group behaved
under the different reading conditions, analyses at a “Repeated Measures” design
(same participants exposed in different experimental conditions) were also carried out.
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Finally, logistic regression analyses were carried out to ascertain group membership
(dyslexics vs controls) simply on the basis of their performance on the various reading
variables (reading speed, types of reading errors, level of reading comprehension).

Participants

A total of 54 Greek University students took part in the research. All participants
were either undergraduate or postgraduate students in Greek Universities, most
of them studying in the broad urban area of Thessaloniki and Larissa: 38 of them
were males and 16 females.

For the needs of the research they were divided into two groups: The first group
consisted of twenty-six (26) University students with dyslexia. Eighteen (18) of them
were males, while the remaining eight (8) were females. Their age ranged from 17.9
up to 35.1 (mean age 22.1 years old). The second group consisted of twenty-eight
(28) non-dyslexic University students. Twenty (20) of them were males and eight
(8) females. Their age ranged from 18.2 up to 35.3 years old (mean age 22.0 years
old). The two groups were roughly matched for age, sex and socio-educational
background.

Sampling method and selection criteria

All dyslexic participants were selected based on the “Quota” sampling method,
in order to satisfy certain inclusion criteria. It was required for all dyslexic
participants to have a formal diagnosis of dyslexia from a recognised public
or private diagnostic center. Potential dyslexic students without a formal diagnosis
were excluded from the research.

The majority of dyslexic students were retrieved from ‘Dyslexia Centers — Pavlidis
Method’ that function under the scientific direction and management of Prof. G.
Th. Pavlidis. The rest of them were selected from Greek Universities of the broad
urban area of Thessaloniki and Larissa.

After the selection of the dyslexic group, 28 non-dyslexic students matched
for age, sex and socio-educational level were selected as the control group.

Both groups consisted of individuals of similar IQ, socio-economic background
and educational history. They were also matched based on ethnicity, nationality
and mother tongue (Greek), while within each group they also had the same
experience, so as to establish that the groups were different between them only
in the task under study (Pavlidis, 1990).

Inclusion criteria

Both groups had to fulfill the following inclusion criteria, as to be included
in the research (Pavlidis, 1990):

o Normal IQ (average or above average);

o Normal or corrected vision or hearing;

»  Greek being their native language;

o Average or above average socio-economic background (individuals
from the lowest socio-economic status were excluded from the study);

o Adequate educational opportunities;

o Not on any psychoactive medication known to affect cognitive processes
or within its washout period;
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«  No overt emotional problems, prior to entering school;

o No neurological handicaps that could account for reading problems (e.g.
brain injury brain tumor, etc.).

Regarding the non-dyslexic student group, their IQ wasn't tested, because
as it consisted of highly educated population, they were expected to have at least
normal intelligence.

All legal and ethical procedures were faithfully followed during the conduct
of the study.

All students were informed in writing about the aim of the research and were
asked for their permission to participate in the study. Those willing to participate
constituted the two groups.

Experimental procedure

The experimental procedure took place in accessible and suitable settings
that provided comfortable, private and safe place for both the participant
and the researcher.

The reading performance of adult dyslexic and non-dyslexic students was
evaluated in 3 different reading materials. Participants read both aloud and silently,
while being timed and tape-recorded for further analysis. After reading each piece
of text, they answered the appropriate comprehension questions.

Reading materials were presented in a counterbalanced fashion, in order
to neutralize the possible order effect.

The duration of the experimental procedure was approximately 25 minutes
for each participant.

Tests and materials

o The materials used were the following:

o 3 Reading tests: 2 reading texts of varying difficulty and a list of words
of raising difficulty.

o Reading comprehension questions: 5 reading comprehension questions
for each text.

o  Tape-recorder for further analysis of the reading errors.

o  Chronometer for the evaluation of participants’ reading speed.

+ Reading performance scoring sheet to record reading data.

Scoring

The reading errors of both groups were categorised and analysed based on “The
Reading Errors Analysis Instrument” developed by Prof. G. Th. Pavlidis. This tool
includes 13 main categories of reading errors with several subcategories:

Categories and Subcategories of reading errors:

1. Hems: Participant hesitates or “drags” a letter when reading.

e.g. In the way to the ...heeem... school

2. Repetitions: Participant repeats a letter, syllable or word while reading.

ENGLISH e.g. t - today / GREEK e.g. y — yp1yopog /grigoros/ (= fast)

3. Syllabication: Participant separates the syllables of the word during reading.

e.g. Tw_pa /to ra/ (= now) — participant clearly “cuts” the syllables tw /to/ and pa
/ra/ of the word twpa /tora/
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4. Substitutions: Participant substitutes a letter, syllable or word by another
while reading.

ENGLISH e.g taday instead of today / GREEK e.g. Tépa /tera/ instead of twpa /
tora/ (= now)

5. Reversals: Participant reverses letters, syllables or words in reading.

ENGLISH e.g. saw instead of was / GREEK e.g. av /an/ instead of ve /na/

6. Omissions: Participant omits letters, syllables or words while reading.

ENGLISH e.g. cild instead of child / GREEK e.g. tp« /tra/ instead of T@wpa /tora/
(= now)

7. Additions: Participant adds letters, syllables or words when reading.

ENGLISH e.g. todray instead of today / GREEK e.g. twtp« /totra/ instead of Twpa
/tora/ (= now)

8. Misintonation: Participant incorrectly locates the intonation mark of a word
in reading.

e.g. Twpd /tord/ instead of Twpa /tora/

9. Endings: Participant substitutes the ending of a word with another existing
ending and read another similar word.

ENGLISH e.g. playing instead of plays / GREEK e.g. nijya /piga/ (= I went) instead
of miye /pige/ (= he went)

10. Punctuation: Participant substitutes, omits or adds a punctuation mark
during reading.

e.g. the participant reads the sentence as having a full stop instead of a question
mark or vice versa

11. Point Marks: Participant does not take into account point marks (apostrophe,
disjunction, etc.) while reading.

ENGLISH e.g. it is instead of it ’s / GREEK e.g. To andyevua /to apogevma/ instead
of T’ amoyevua /tapogevma/ (= the afternoon)

12. Line Missing: Participant misses a whole line while reading.

13. Repetitions of Errors: Participant repeats any of the errors of the previous
categories.

RESULTS

Between groups analysis

The quantitative differences between the two groups in terms of the reading
parameters (speed, accuracy and comprehension) are presented in the following
tables (Table 1 and 3).

Table 1
Reading Speed and Comprehension means —
Comparison between dyslexic and non-dyslexic students
Dyslexic Students Controls
Variables Mean| SD |Min-Max|Mean | SD |Min-Max | p-value
Easy Text
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Reading Speed Aloud 113 |25.35| 49-150 165 | 21.47 | 123-200 .000
Reading Speed Silent 107 |27.11| 56-154 193 | 47.02 | 120-278 .000
Reading Comprehension Silent 17% |21.31| 0%-70% | 40% | 28.09 | 0%-100% | .000
Difficult Text

Reading Speed Aloud 115 |23.00| 54-153 173 | 22.35 | 138-224 .000
Reading Speed Silent 116 |28.54| 41-164 | 205 | 49.94 | 140-320 .000
Reading Comprehension Silent 15% [25.02 | 0%-100% | 34% | 26.28 | 0%-100% | .001
Word List

Reading Speed Total 45 |11.04| 25-66 72 | 11.69 | 54-96 .000
Reading Speed 1’ 66 [10.19] 50-84 86 | 10.74 | 66-109 .000
Reading Speed beyond 1" till theend | 36 | 9.22 | 20-57 58 | 9.26 | 41-73 .000

Adult dyslexic students were statistically significantly slower in all reading
conditions (p<.001) and they attained statistically significantly lower level
of comprehension in the silent condition (p<.001 and p<.05) in all reading conditions
(see Table 1). It is remarkable though that in the aloud reading condition, both
groups attained similar levels of comprehension.

Based on normality tests (Kolmogorof-Smirnof), both groups had a normal
distribution on all reading speed variables (p>.05), while normality was violated
on reading comprehension (p<.05). Consequently, the parametric Independent-
samples t-test and the non-parametric Mann-Whitney test have respectively been
used for the analysis.

Results showed that the variables that revealed a significant mean difference
between adult dyslexic students and controls in all experimental conditions (p<.001),
having a strong effect to the population at the same time, were reading speed in all
tasks [easy text aloud: t(52) = -8.15, p<.001, r = .75 / easy text silent: t(44) = -8.34,
p<.001, r =.78 / difficult text aloud: t(52) = -9.41, p<.001, r =.79 / difficult text silent:
t(44) = -8.08, p<.001, r =.79 / word list total: t(52) = -8.52, p<.001, r =.76 / word list
1":1(52) = -7.05, p<.001, r = .70 / word list beyond 1°: t(52) = -8.69, p<.001, r =.77]
and reading comprehension in the silent reading condition (easy text: U = 172.000,
z =-3.406, p<.001, r = —.46). These variables are presented in Table 2 below:

Table 2
Variables highly differentiating the 2 groups: Significance & effect size
Easy Text Difficult Text Word List

Reading Variables

P r P r P r
Reading Speed Aloud (Total) <.001 .75 <.001 .79 <.001 .76
Reading Speed Silent <.001 .78 <.001 .79
Reading Comprehension Silent <.001 46 =.001 41
Reading Speed 1’ <.001 .70
Reading Speed beyond 1’ <.001 .77

The reading error differences between the two groups are presented per reading
material in the following table:
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Table 3(a)
Reading Error means:
Comparison between dyslexics & controls in the easy text
Easy Text GROUP
Dyslexic Students Normal Controls

Variables Mean SD Median | Mean SD Median | p-value
Hems 9.28 8.69 6.00 1.00 1.37 0.50 .000
Repetitions 9.12 9.48 6.38 2.76 3.07 1.67 .000
Syllabication 1.58 3.09 0.00 0.04 0.19 0.00 .000
Substitutions 2.29 1.71 1.67 0.39 0.76 0.00 .000
Misintonation 0.52 0.79 0.00 0.08 0.31 0.00 .006
Endings 1.30 1.79 0.50 0.04 0.19 0.00 .000
Total Errors’ 27.12 21.53 21.62 6.16 5.27 5.00 .000
Timing Errors™ 20.35 19.68 14.26 3.79 4.12 2.35 .000
Accuracy Errors™ | 6.79 4.02 6.00 2.36 1.77 2.52 .000

* Total errors: the sum of all reading errors

** Timing errors: the sum of reading error categories that reduce the speed of reading
(e.g. hems, repetitions, syllabications)

*** Accuracy errors: the sum of reading error categories that affect the accuracy
of reading (e.g. Substitutions, Omissions, Additions, etc.)

Table 3(b)

Reading Error means:
Comparison between dyslexics & controls in the difficult text

Difficult Text GROUP
Dyslexic Students Normal Controls
Variables Mean SD Median Mean SD Median | p-value
Hems 9.66 7.88 6.25 1.28 1.33 0.82 .000
Repetitions 11.22 8.21 10.17 2.17 3.18 0.89 .000
Syllabication 1.24 1.69 0.75 0.03 0.14 0.00 .000
Substitutions 2.64 1.67 2.68 0.57 0.82 0.00 .000
Omissions 1.01 1.01 0.89 0.34 0.54 0.00 .003
Misintonation 1.06 0.67 0.89 0.22 0.35 0.00 .000
Endings 1.82 1.58 1.50 0.75 0.74 0.75 .001
Total Errors 31.41 19.25 23.68 6.99 5.34 6.13 .000
Timing Errors 22.66 16.28 17.13 3.53 4.06 2.40 .000
Accuracy Errors 8.67 4.55 8.59 3.49 1.97 3.56 .000
Table 3(c)
Reading Error means:
Comparison between dyslexics & controls in the word list
Word List GROUP
Dyslexic Students Normal Controls

Variables Mean SD Median Mean SD Median | p-value
Hems 17.14 16.55 13.00 2.18 2.45 1.33 .000
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Repetitions 21.62 22.29 15.00 4.29 4.91 2.00 .000
Syllabication 9.49 10.23 6.67 0.55 0.93 0.00 .000
Substitutions 4.85 2.67 4.67 1.79 1.88 1.33 -000
Omissions 2.18 2.23 1.33 0.60 0.78 0.33 .000
Misintonation 2.39 2.94 1.66 0.24 0.55 0.00 .000
Endings 221 1.78 2.00 0.33 0.53 0.00 .000
Total Errors 62.18 52.74 50.33 10.36 9.47 7.00 .000
Timing Errors 48.88 45.55 39.66 7.01 7.05 4.66 .000
Accuracy Errors|  12.39 8.34 10.67 3.22 3.04 2.66 .000

Adult dyslexic students made significantly more reading errors of almost all
categories compared to their non-dyslexic peers (p<.001 and p<.05) in all reading
tasks (see Table 3).

Normality tests revealed that the scores of both groups on most reading errors
variables were not normally distributed (p<.05). This statistical constraint enforced
the use of the non-parametric Mann-Whitney test for most analyses.

Results showed that in all reading materials the total sum of reading errors as well
as the sum of timing (Hems, Repetitions etc.) and accuracy errors (Substitutions,
Omissions, etc.) revealed a highly significant mean difference between groups (p<.001)
having a strong effect to the population at the same time: [a) easy text: Total Errors: U
=64.000,z=-5.187, p<.001, r = -.71/ Timing Errors: U =71.500, z= -5.073, p<.001, r
=-.69 / Accuracy Errors: #(34) = 5.17, p<.001, r = -.66, b) difficult text: Total Errors: U
=48.000, z = -5.472, p<.001, r = -.74 / Timing Errors: U = 53.500, z = -5.382, p<.001,
r = -.73 / Accuracy Errors: #(34) = 5.35, p<.001, r = .68, c) word list: Total Errors: U =
44.000, z = -5.541, p<.001, r = -.75 / Timing Errors: U = 40.000, z = -5.611, p<.001, r
= -.76 / Accuracy Errors: U = 78.500, z = —4.951, p<.001, r = -.67].

These categories along with the subcategories of reading errors that highly differed
between the two groups are shown in the following table (table 4). It is noteworthy
that the majority of reading error categories highly differentiating between dyslexics
and controls were timing errors (hems, repetitions and syllabications), which are
related to the speed of reading.

Table 4
Reading errors variables highly differentiating the 2 groups:
Significance & effect size
) Easy Text Difficult Text Word List
Reading Errors
P r P r p R

Hems <.001 -.81 <.001 -.80 <.001 -71
Repetitions <.001 -.46 <.001 -.67 <.001 -.67
Syllabication <.001 -.44 <.001 -.56 <.001 -.80
Substitutions <.001 -.64 <.001 -.67 <.001 -.59
Total Errors <.001 -71 <.001 -.74 <.001 -.75
Timing Errors <.001 -.69 <.001 -.73 <.001 -.76
Accuracy Errors <.001 -.66 <.001 -.68 <.001 -.67
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Within groups analysis

Comparisons and analyses have also been made within each group:

1. between aloud and silent reading conditions, and

2. among the different reading materials.

a) Based on the sampling distribution, the Paired-samples t-test or its non-
parametric equivalent Wilcoxon signed-rank test were used for the comparisons
within each group between aloud and silent reading (2 experimental conditions).

b) Based on normality tests, the repeated-measures ANOVA or its non-
parametric Friedman's ANOVA were used for the comparison within each group
among the different reading materials (3 experimental conditions).

a) Between aloud and silent reading: Results showed a totally opposite
pattern between dyslexics’ and controls’ performance in the aloud and silent
reading condition. In contrast to non-dyslexics who read significantly faster
silently [easy text: H(27) = -3.436, p<.05, r = .55 / difficult text: t(27) = -3.744,
p<.001, r =.58], dyslexics read at almost the same rate in both aloud and silent
reading condition, as shown by the non-significant differences found (see
figure 1 below). Similarly, the controls attained higher level of comprehension
in the silent condition, as opposed to dyslexics, who showed a trend
to comprehend better in aloud reading, although the differences were not
found to be significant for neither of the two groups (p>.05).

Controls
210

p<.001
180

150 +

120 -
B Aloud

® Silent

90 -

Mean Values

60

30

Easy Difficult
Reading Speed

Figure 1. Dyslexics’ & controls’ reading speed differences between aloud & silent reading conditions

Reading Speed
180
160
140
120 +
100 +
80 -+
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40 -+
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mDifficult

Mean Values

B List

Dyslexics Controls
Aloud Condition

Figure 2. Dyslexics’ & controls’ reading speed differences among reading materials
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¢) Among reading materials: As expected, either dyslexics’ or controls’
reading speed was significantly affected by the reading material they were
reading [dyslexics: F (2, 50) = 313.75, p<.001, w? = .71 / controls: F(2, 54) =
510.31, p<.001, w? = .85] with the list of words being the most difficult in terms
of reading speed for both groups (see figure 2 below).

Similarly, dyslexics’ reading accuracy was significantly affected by the reading
material, x*(2) = 27.00, p<.001. Although they made comparable reading errors
in the easy and difficult text (p>.05), they made significantly more reading errors
in the list of words compared to either the easy, T = 11.00, z = -4.178, p<.001, r =
-.58, or the difficult text, T = 16.00, z = -4.051, p<.001, r = -.56. On the contrary,
the total reading errors made by non-dyslexics did not significantly increase
in quantity over the course of the 3 reading materials, x*(2) = 4.96, p>.05 (see
figure 3, appendix).

Total Reading Errors
00 -
i BEasy
mDifficult
< p < .001
50% : WList
40%

30%

Mean Values

p=.05

20%

10% ‘

. I

Dyslexics Controls
Group

Figure 3. Dyslexics’ & controls’ reading errors differences among reading materials

LOGISTIC REGRESSION ANALYSIS

Logistic Regression Analysis was used, in order to investigate whether it was
possible to predict-classify which group a participant was likely to belong to,
based on certain predictor variables. Reading errors, speed and comprehension
were the predictor variables of the group membership. The method used was
the forward stepwise (Likelihood ratio, LR). The analysis was conducted per
reading material.

In the easy reading text, the silent reading speed was the predictor entered
at step 1, because it had the highest value in the test statistic (p<.001). The aloud
reading speed was the second predictor entered at step 2, as it had the next
highest score (p<.001). A test of the full model at both steps against a constant
only model was statistically significant, indicating that predictors reliably
distinguished between dyslexics and controls (Step 1: x* = 52.92, p<.001. Step
2: x* = 66.80, p<.001). R? at both steps indicated a strong relationship between
prediction and grouping. The following table indicates how well the model
predicts group membership.
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Table 5
Classification table indicating group membership in the easy text
Predicted
Observed GROUP
- Percentage Correct
Dyslexics Controls
Dyslexics 24 2 92.3
GROUP
Step 1 Controls 2 26 92.9
Overall Percentage 92.6
Dyslexics 25 1 96.2
GROUP
Step 2 Controls 1 27 96.4
Overall Percentage 96.3

The model significantly predicts group membership based on only 2 variables,
aloud and silent reading speed, correctly classifying 25 out of 26 dyslexics and 27
out of 28 non-dyslexics. The total accuracy of classification at step 2 was 96.3%.

In the difficult reading material, the aloud reading speed was entered at step 1,
as it had the highest score statistic (p<.001). The silent reading speed was entered
at step 2. A test of the full model at both steps against a constant only model was
statistically significant, indicating that predictors reliably discriminated between
dyslexics and non-dyslexics (Step 1: x> = 57.71, p<.001. Step 2: x* = 66.54, p<.001).
R? at both steps indicated a strong relationship between prediction and grouping
(see the classification table below).

Table 6
Classification table indicating group membership in the difficult text
Predicted
Observed GROUP
- Percentage Correct
Dyslexics Controls

Dyslexics 25 1 96.2
GROUP

Step 1 Controls 3 25 89.3

Overall Percentage 92.6

Dyslexics 26 0 100.0
GROUP

Step 2 Controls 1 27 96.4

Overall Percentage 98.1

This model significantly predicts group membership based on the same 2
variables, aloud and silent reading speed, correctly classifying all dyslexics while
misclassifying only one of the participants of the control group. The total accuracy
of classification at step 2 reached 98.1%.

In the list of words, the aloud reading speed was the predictor entered at step,
as it had the highest value in the test statistic (p<.001). Syllabication errors were
the second predictor entered at step 2 (p<.001). A test of the full model at both
steps against a constant only model was statistically significant, indicating that
the predictors reliably distinguished between dyslexics and controls (Step 1: x* =
45.69, p<.001. Step 2: x* = 52.01, p<.001). R* at both steps indicated a moderately
strong relationship between prediction and grouping (see table 7).

113



The Modern Higher Education Review Ne 4, 2019

ISSN 2518-7635 (Print)

Table 7
Classification table indicating group membership in the word list
Predicted
Observed GROUP
: Percentage Correct
Dyslexics Controls
Dyslexics 22 4 84.6
GROUP
Step 1 Controls 4 24 85.7
Overall Percentage 85.2
Dyslexics 22 4 84.6
GROUP
Step 2 Controls 1 27 96.4
Overall Percentage 90.7

This model can significantly predict group membership based on reading
speed and syllabication errors with a classification accuracy of 90.7%. Similarly,
to the previous conditions, reading speed was actually found to be the best predictor
in the word list, as syllabication errors belong to timing errors, which reduce
the speed without affecting the accuracy of reading.

Summing up, the main finding that came out from the Logistic Regression was
that the speed of reading in context was the most powerful predictor, in order
to discriminate between the two groups and could be suggested as an almost
infallible criterion for “diagnosing” dyslexia in adults.

DISCUSSION

As expected adult dyslexic University students were statistically significantly
slower in reading compared to controls in all 3 reading materials (easy text, difficult
text, word list) and irrespectively of the reading condition (aloud or silent). Such
aresult was not surprising, as the slow reading speed is one of the main manifestations
of developmental dyslexia (Pavlidis, 2019; Ziegler et al., 2003; Shaywitz, 1998). These
findings are in line with the relevant literature, which confirms the speed deficit
of adult dyslexics (Hatcher et al., 2002; Lehtola & Lehto, 2000; Bruck, 1990; Meyler
& Breznitz, 2003).

Regarding reading comprehension, there were no significant differences between
dyslexics and controls in any of the texts in the aloud condition, while significant
differences were found between groups in the silent condition. Such findings agree
with the current literature, which suggests that dyslexics may or may not encounter
comprehension difficulties, and if such difficulties are present, they may result
from the dyslexics’ decoding deficit (Lyon, Shaywitz, & Shaywitz, 2003). Besides, if
dyslexics had a comprehension deficit, it should be evident in both aloud and silent
reading. Thus, the mode of reading, aloud or silent, has a different impact on reading
comprehension depending on the reader’s proficiency, as it is discussed below.

Also, as predicted, adult dyslexic students were significantly less accurate than
non-dyslexics in all reading materials administered to them. They made significantly
more reading errors in almost every reading category compared to controls.
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Inaccurate reading is among the most crucial features of dyslexia, even in adulthood
(Critchley, 1981). Significant differences in the accuracy level between dyslexics
and controls are also reported by the current literature (Felton et al., 1992; Hatcher
et al., 2002; Leinonen et al., 2001). However, most of the errors made by dyslexics
were timing errors, errors that reduce the speed of reading, indicating that the slow
reading speed is the main hurdle of dyslexic readers.

The speed deficit of dyslexics was further supported by the significant negative
correlations found between timing errors and reading speed, suggesting that
as the timing errors increase the speed of reading decreases, while for the control
group less significant correlations were found between timing errors and speed.

Table 8
Correlations among reading components (Spearman’s correlation coefficients)

Dyslexics’ Reading Speed

Controls’ Reading Speed

Easy Timing Errors -.668" -.185
Difficult Timing Errors -.676" -.467
List Timing Errors -.708" -432

*p<.01, *p<.05

Finally, the essence of the logistic regression analysis was that the reading
variables — reading speed, accuracy and comprehension - could accurately
discriminate Greek dyslexic from non-dyslexic University students. The analyses
conducted revealed that the reading speed in context could best differentiate
between dyslexics and controls with an accuracy of classification reaching 98.1%,
correctly classifying 100% of dyslexics, but misclassifying only one non-dyslexic.
One of the explanations is that it is possible in the control (normal readers) group
to have included untested dyslexics. This finding confirms Shaywitz & Shaywitz
(2005) who argued that reading speed could be the most useful clinical criterion
to distinguish disabled from non-disabled readers in adulthood (Pavlidis, 2018;
Rapti, Pavlidis & Garner, 2018; 2013).

Although non-dyslexics read significantly faster in the silent condition, in line
with Taylor and Connor (1982) who reported that proficient readers read faster
silently, dyslexics read at the same rate in both aloud and silent condition. This
finding amplifies the speed deficit of dyslexics, who, even when reading silently,
a process that do not require so much effort in order to decode, they are still
struggling to read, with their speed being stuck at very low levels. Comparing
the speed of both groups in context and out of context, it is concluded that both
groups were significantly slower in the list of single words, indicating that both
dyslexics and controls were affected by the lack of context and the structure
of the word list. This comes in agreement with research evidence which points out
that familiar words are read faster than unfamiliar (DeFior et al., 2002; Leinonen et
al., 2001; Wimmer & Goswami, 1994), and other research findings displaying that
poor readers rely heavily on context for word recognition (Bruck, 1990; Ben-Dror
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et al., 1990; Shaywitz & Shaywitz, 2005). The non-dyslexics were similarly affected
by the presence or lack of context, as reflected in their reading speed.

No significant differences were found in the level of reading comprehension
between aloud and silent reading condition for either group. However, itis remarkable
that an opposite pattern was shown. While non-dyslexics comprehended better
silently, dyslexics tended to comprehend better aloud. This trend is in accordance
with research evidence suggesting that proficient readers can go directly to meaning,
whereas poor readers rely on aloud reading to extract meaning (Taylor & Connor,
1982; Miller & Smith, 1989). This explains why significant differences between
dyslexics and controls were found only in the silent condition. It is noteworthy
that in silent reading the reading comprehension of non-dyslexics increases, while
it decreases in the dyslexics.

Finally, as expected, dyslexics were significantly less accurate in reading out
of context, in contrast to non-dyslexics who made comparable reading errors
in both reading in context and out of context. The error rate differences of dyslexics
between text and list of single-unrelated reading can be attributed to the lack
of context and the structure of the word list. However, the reading accuracy
of non-dyslexics is not affected by the lack of context in contrast to reading speed,
as mentioned before. Support for these findings come from the research of Bruck
(1990) and Lehtola and Lehto (2001).

The results illuminate the importance of daily extensive reading practice
forabetter reading speed, which isessential not only for normal-achieving population
but for dyslexic readers as well, as reading speed was found to be the main deficit
for dyslexics and the main differentiating factor between dyslexics and controls with
a very high accuracy (98.1%).

Also, results might be helpful for the accurate diagnosis of adult dyslexics based
on reading speed, as it seems that the slow reading speed is a lifelong condition
for dyslexics and the most reliable diagnostic criterion, irrespective of age, culture,
race or language (Pavlidis, 2018; Pavlidis & Goula, 2004). Such findings are also
in accordance with similar research findings in other phonologically consistent
languages, such as Finnish and German.

CONCLUSIONS

In conclusion, results might be helpful for the effective treatment of the difficulties
that encounter dyslexic university students, due to their constitutional reading deficit.
Any treatment methods and programmes used for dyslexics must be considerably
focused on the enhancement of their reading speed, especially when it comes
to university students for whom reading speed is a highly essential skill.

Hopefully, this study will raise awareness of dyslexia within higher education
and will highlight the importance of reading speed measurements in a diagnostic
battery for all ages of dyslexics, internationally (Pavlidis, 1981; 1990; 2017). This
research will be useful for both psychologists and school educators as it highlights
the need for differential assessment-diagnosis and teaching internationally.
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Lo HedasHvoeo uacy nepesasxHy Oinvuiicmv 00cioHeHb w000 Oucexcii 3ocepe-
0xcy8anu Ha AHzZIOMOBHOMY HAcCeNeHHi ma 0imsx, sKi, uepe3 HeNnocnid08HICMb aHe-
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JTCOKOI MOBU CXUIbHI YUMAMU 3HAYHO NosinvHiue ma HemouHo. Lle npusseno do
NOMUIKOB8020 NPUNYULEHHS, W40 207I06HO 03HAKOK OUCTIEKCIT € HemouHe Yuma-
HA. O0Hak, pe3ynvmamu 00CioHeHb HOHONOZIUHO-NOCTIO08HUX MO8 (MAKUX AK
epeypka, imaniticoka, Himeuvkd, PiHCbKA) NOKAZANU, UL WBUOKICMb YUMAHHS €
0CcHO8HUM Hedorikom dimeti ma 00pOCIUX, AKi cmpaxcoaoms oucnexciero. Y cmam-
mi 00c7ioHeHo 8I0MIHHOCMI 8 NPOUeci HUMAHHA (WBUOKICMb YUMAHHS, MOUYHICb
ma po3yminus) mixe cmydenmamu (26) 3 ducnexciero ma ix posecruxie (28), aki He
cmpancoarome Ha oucnexcito. Bei yuacnuxu éionosioanu eiky, cmami ma couianv-
HO-0CB8IMHbOMY PiBHIO.

3pobnero 6UCHOB0K, W40 CMYOeHMU 3 OUCTIEKCIEN 3HAYHO NOBINbHIUME YUMAU
ma pobunu 6invuie NOMUIOK, 00HAK, OY1a 00HAKOBA UBUOKICb YUMAHHS 620710C
Ma MOBUKU HA BIOMIHHY 810 iX POBeCHUKIB, AKI HAOA2AMO WBUOUe YUMATU 8 PeHU-
Mi MO84KU. 3A3HAUEHO, W40 came UBUOKICIMb € 0CHOBHOK 8I0MIHHO0 PUCOI0 8 NPOle-
Ci 4UMaHHs cmyoeHmie i3 3axX60PHOBAHHAM, adie piseHb mourocmi cknadae 98,1%.

Kntouosi cnosa: oucnexcist, 0opocni, cmyoeHmu, Yumants, meuoKicmy 4uman-
HA, MOYHICb MaA PO3YMIHHA NPOUUMAHOZO.
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