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ABSTRACT

The goal of this study was to explore the relationship between oral and silent reading fluency,
especially when silent fluency is measured both through printed or digital format. Further, we aimed
at investigating whether the relationship between reading fluency and reading comprehension varies
depending on the way fluency is measured. 28 students attending 3rd grade of High School
participated in the study. All participants were typical readers. Based on the data analysis, it was
revealed that no significant differences were observed in silent reading fluency regardless the way
the assessment was conducted, through printed or digital format. Moreover, it was found that there
is a positive correlation between silent reading fluency and reading comprehension but not between
oral reading fluency and reading comprehension. It is underlined that the strongest correlation
between silent fluency and reading comprehension involved the digital measurement of reading
fluency. Based on our primary findings, is it suggested that reading fluency assessment can be
integrated in everyday school practices through modern, digital, time-efficient ways.

I INTRODUCTION Fluency is mainly associated with oral

Reading fluency is often mentioned in
international articles as an important indicator for
the detection and diagnosis of reading difficulties
(Fletcher et al., 2007) while at the same time it is
recognized as the connection of basic reading
skills with comprehension, which is the purpose of
reading (NRP, 2000). This established relationship
between fluency and comprehension is not fixed,
as it seems to differ depending on the level of
development of fluency and the student's grade of
study (Rasinskietal., 2017) and the way it is
evaluated (Kuhnet. al, 2010; Miller & Smith,
1990).

reading, since it is characterized by accuracy,
speed and prosody (Protopapas & Skaloubakas,
2008). The way of assessing oral fluency that has
prevailed so far for all school grades is the oral
reading of a text or a list of words and/or
pseudowords for one minute, counting the
correctly read words in relation to the specific time
unit (Deeney, 2010). Substitutions, reversals,
omissions of letters, as well as words uttered by
the examiner, after waiting 2-3 seconds, during
which there was no attempt or response from the
examinee, are perceived as errors (Rasinski,
2004). The choice of assessing oral reading
fluency prevails since it had been shown to be a
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stronger indicator of comprehension (Protopapas
& Skaloubakas, 2008).

The assessment of reading fluency is
carried out mainly in the first grades of primary
school, with the aim of detecting and diagnosing
Special Learning  Difficulties (SLD) and
consequently direct, individualized intervention.
Fluency, however, does not stop developing and is
consolidated exclusively in the first grades of
primary school, as difficulties continue in the next
school grades up to and including higher education
(Rasinski et al., 2017). In addition, the assessment
of oral reading requires a lot of time and is carried
out individually (Denton et al., 2011), and it is not
possible to concurrently evaluate many children,
especially in the school context. In recent years,
the above concerns have turned the research
interest towards the investigation of the
relationship between oral and silent reading
fluency and the correlation of silent with reading
comprehension.

Research data on silent reading often
reveal the possibility of detecting reading
difficulties through it (Denton et al., 2011; Seok &
DaCosta, 2014; Gagliano et al., 2015; van den
Boer et al.,2022), its relation to reading
comprehension (Ciuffo et al., 2017; Denton et al.,
2011; Kim et al., 2011) and in particular its
correlation with oral reading fluency (Ciuffo et al.,
2017; Denton et al., 2011; Kim et al., 2011; Seok
& DaCosta, 2014; van den Boer et al., 2022).

With regard to the detection of SLD, it has
been shown that the performance of these
students in the silent reading assessment remains
lower than the one of average readers (Denton et
al., 2011; Gagliano et al., 2015; Seok & DaCosta,
2014). In regard to the relationship between silent
reading fluency and comprehension, it has been
suggested that for students in the first school
grades, the correlation between oral reading and
comprehension is stronger (Kim et al., 2011) than
for students in older classes (Denton et al., 2011).
However, in the last grades of primary school,
students' reading comprehension performance is
not affected by oral reading fluency (Robinson et
al., 2022). From a survey of higher education
readers, it was also noted that while oral fluency
remained constant, silent fluency continued to
improve (Ciuffo et al., 2017), possibly based on
interaction with reading comprehension. Finally,

from research that specifically focuses on the
relationship between oral and silent reading
fluency, the positive correlations between oral and
silent reading fluency are widely confirmed (Ciuffo
et al., 2017; Denton et al., 2011; Gagliano et al.,
2015; Kim et al., 2011; Seok & DaCosta, 2014;
van den Boer et al., 2022).

All the available empirical data are derived
from the English literature and articles and mainly
concern the English language. In Greek literature,
no corresponding research has been identified at
any school grade and there is no corresponding
discussion on the ways of assessing reading
fluency.

When assessing silent reading fluency, the
process and scoring are differentiated and easier
to use in conducting, scoring and interpreting the
results (Hammill et al., 2006). Two different
approaches have been used to evaluate silent
reading (Denton et al., 2011). During the first
approach, students are evaluated, mainly based
on comprehension, either by judging the
correctness of a sentence or by choosing the right
words (maze task) through silent reading. The
most well-known test are the Test of Silent
Reading Efficiency and Comprehension (TOSREC)
(Johnson et al., 2011) and the AIMSweb Maze
CBM (Shinn & Shinn, 2002). During the TOSREC,
examinees are asked to read silently in three (3)
minutes as many sentences as they can, by
correct "Right- Wrong" or "Yes-No", judging
whether the sentences they read make sense.
During the AIMSweb Maze CBM, examinees are
asked to complete incomplete sentences, choosing
the correct one among three (3) options given to
them and the total duration ranges from 5 to 10
minutes.

In the second approach, words or
sentences are given, written in capital letters,
joined, without spaces and punctuation between
them. The examinees must separate the words by
drawing vertical lines between them, within a
certain period of time, which usually amounts to
three (3) minutes. In the case of sentences, there
is semantic coherence between the terms of the
sentence, thus controlling not only the decoding
and the rate of recognition but also the breadth of
vocabulary and fluency at the sentence level. The
best-known standardized tests are the Text of
Silent Contextual Reading Fluency (TOSCRF)
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(Hammill et al., 2006) and the Test of Silent Word
Reading Fluency (TOSWRF) (Williams & Bell,
2005).

In both approaches, the individual is asked
to read and interact with printed material, in the
way that reading is traditionally done in a school
context. However, as often reported, in the last
decade there has been a very large expansion of
reading for educational purposes in digital form
(Mangen et al.,, 2013). The rapid transition of
reading from print to digital, especially among
young people, has brought positive results, such
as flexibility, accessibility and adaptation of texts
to student profiles, enhancing students' focus with
appropriate  multimedia and developing basic
reading skills (Ben-Yehudah et al.,, 2018).
However, digital reading has been challenged in
particular because of the negative effects it may
have on students' reading fluency and
comprehension (Mangen et al., 2013).

In order to ensure the validity and ease of
collecting assessment data and based on the
expanding reading of educational texts by
students in digital form, the need and the
possibility of assessment silent reading fluency
digitally arise to. One of the two main criteria for
selecting an assessment tool is its effectiveness in
administering, scoring and interpreting it (Rasinski,
2004). Therefore, if the assessment of reading
fluency silently and through digital material proves
to be valid and reliable, it will lead to easy conduct
and objective scoring. In such a case, the
assessment of reading fluency and, by extension,
reading comprehension, can be integrated into
educational school practice and may contribute
significantly to the early detection of possible
reading difficulties.

The goal of the research was to
investigate the relationship between verbal and
silent fluency, especially when using both printed
and digital measurement of silent fluency, as well
as to highlight the relationship between fluency
and comprehension. In particular, the study
focused on the following research questions:

Does students' performance

differ in silent  fluency

depending on how it is

assessed?

What s the relationship

between reading

comprehension and oral and
printed or digital silent
reading fluency?

Are there specific language
features of the text that
affect  students'  reading
fluency?

II. METHODOLOGY

A total of 28 people participated in the
survey, of which 12 were boys and 16 girls. All
participants attended the third grade of
gymnasium (14-15 years old).18 lived in semi-
urban areas of Thessaloniki, while 10 lived in
urban areas. The criteria for the selection of the
students were to have Greek as native language
and not to have any disability, or a diagnosis of
SLD. Therefore, all children followed the typical
academic program and none faced SLD.

Two assessment tools were used to
conduct the research, one to assess oral reading
fluency and comprehension and one to assess
students' silent reading ability. The students' oral
fluency and comprehension was assessed with
Evaluation of Reading Skills (DADA) (Padeliadu et
al., 2019), while for the assessment of silent
reading fluency, a test was created (Antoniou &
Padeliadu, under standardization), based on the
structure of TOSCRF (Hammill et al., 2006). The
adaptation of the tool was based on lexical,
grammatical and syntactic criteria, such as the
number of words, the difficulty of the vocabulary,
the frequency of words, the proportional
representation of parts of speech and their
grammatical differences, their syntactic role and
their position in the sentence.

The students started with small sentences
and then proceeded, which were written in
uppercase, joined letters, without gaps and
punctuation between them. The choice of
sentences rather than individual words aimed at
the semantic consistency between the terms of
the sentences and consequently at utilizing the
students' comprehension. The examinees had
three (3) minutes to draw lines between as many
words as they can read to separate them.

For the needs of this study, two different
forms were created (Form A and Form B)
equalized in terms of all lexical, grammatical and
syntactic rules. One form was presented to the
students in print and the second in digital format.

e
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Fifteen (15) sentences-periods were selected for
each form. The selected sentences and texts were
taken from the textbooks used in the curriculum in
all schools in Greece (published by the Ministry of
Education, Research and Religious Affairs). The
selected sentences and texts included both
narrative and information excerpts in graded
difficulty.

In particular, during the creation of the
two forms, the criterion of gradually increasing the
number of words was initially implemented. The
next criteria set were word frequency control,
correct ratio of parts of speech and grammatical
differences. Where necessary, excerpts from
school textbooks were modified. Subsequently,
many of the period sentences were converted to
have a larger nominal part, to be as free of articles
and conjunctions as possible, and to avoid
repetition. However, repetitions of some articles
and conjunctions have been retained to ensure
conceptual coherence. Finally, the syntactic
features of the sentences were taken into account.

The National Thesaurus of the Greek
Language (NTHEG) from the Institute of Language
Processing (IEL) (http://hnc. ilsp. gr/) was used to
check the frequency of a word in textbooks.
NTHEG gives the option of presenting a word
either as specific word type or as a whole entry,
evaluating the linguistic level, its frequency and
the words with the most occurrences preceding
and following it. This tool allows us to avoid
common words and supports the creation of two
forms with the same level of difficulty.

An application was created by Marios
Agiomavritis (2021) for the digital version of the
test and posted on a specific URL (link). At the
start of the application, each sentence is given to
the student individually together with his/her ID
number. After the verticals are correctly placed
using the computer cursor, the student clicks
"Submit" and continues to the next sentence. The
application is automatically paused at 3 minutes
and the timer starts from the student's first click.

The results for each student are recorded
in a spreadsheet (. xIsx) file format. The
information given is:

The number of each student’s

D,

The date and time of the test,

The correct answers marked

with the number one (1). Any

words not recognised by the

students are marked with the

number zero (0),

The time for separating or

marking each word and the

total time for the whole test.

Times are given in milliseconds (ms). The
information shown after each word refers the time
at which the word to the left of it was correctly
split, while the last word on a page is always
followed by the time of the last split. So this
number shows the total time to complete the
page-sentence. In case of an error, the time to the
left of the word is not recorded.

Table 1 shows the results from four (4) different
students in reading a sentence.

Table 1 Recording results of the implementation of silent reading fluency assessment

ID Started THE RIVER FLOWS

1812 2021-06-07 07:28:01 1 21350 1 24102 1 24102
1808 2021-06-06 14:55:35 1 19676 1 21228 1 21228
2108 2021-06-09 15:11:39 0 - 1 10342 1 10342

Results

Participants were divided into two groups
according to the order of completion of the silent
reading fluency assessment test. Students who
completed Form A on paper and Form B digitally
were placed in the first group, while those who
completed the forms in reverse order were placed
in the second group. This particular organization
of the assessment was released to ensure that no

different results are obtained due to sequence the
order of completion.

During the digital assessment, the mean
performance of students from Group B on Form A
was 52. 20, while the mean performance of
students of Group A on Form B was 51. 85. After
comparing those scores through Independent
ttest, no statistical difference was observed
between the two means (p=0. 913). Respectively,
for the in print assessment the mean performance
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of students in the Form was 57. 31, while it was
48. 53 in Form B. Again there was no statistical
difference between the two means (p= 0. 09.)
Since it was ensured that there was no significant
statistical difference between the two forms in the
digital and paper format, the results for the
participants are presented as a whole. Table 2
includes the silent reading fluency test
data(means) and the test of difference for the two

means. It was observed that the mean score of
the students' performance in the digital version of
the test was 52. 04, while in the paper version it
was 51. 4, and the difference between them was
found to be statistically significant. Therefore, it
appears that when assessing silent fluency with
digital text, students’ performance is higher than
when presented in printed format.

Table 2 T-test for the Difference between Print and Digital
Format
Mean Sig(2-tailed)
printed form 51,54 ,00
digital form 52,04
Regarding the second research question  significant positive correlation was recorded

and the relationship of the different ways of
assessing fluency with reading comprehension,
correlations are calculated. As it turned out, the
correlation of oral reading fluency with
comprehension proved to be non-statistically

between both printed silent reading fluency
(r=0.390) and digital silent reading fluency with
reading comprehension (Table 3), with a higher
correlation between silent digital fluency and
comprehension (r=0.475).

significant. On the contrary, a statistically
Table 3 Comprehension Correlations with Silent and
Oral Reading Fluency
Silent paper Silent digital  Oral
form form
PearsonCorrelation ,390* ,475% ,306
Comprehension Sig. (2-tailed) ,040 ,011 ,113
**_ Correlation is significant at the 0.01 level (2- the mean of the recognition time was the same
tailed). with the time of the simple words (Mean= 4. 1).
*, Correlation is significant at the 0.05 level (2- At the sentence level, the total time taken
tailed). to complete each sentence was checked and then

By performing the evaluation of silent
reading fluency with the digital format, it was
possible to access and interpret more data and
unobservable behaviors during silent reading,
associated with linguistic dimensions of the text.

At the word level, the range of recognition
time for each word separately was checked and
then the means of these values were compared.
From the analysis of these data, it emerged that
main delays and errors, were observed on
complex words or verbs that have as their part
first a preposition. In particular, the mean
recognition time of multisyllabic words was about
4 seconds (Mean = 3.8), while in compound
multisyllabic words the time range almost doubled
(7 seconds). However, in the compound, multi-
syllabic words that were high frequency once and
had the same preposition as the first compound,

the means for each one were compared. The main
delays were observed in sentences consisting of a
large nominal part and in periods with subordinate
sentences. Specifically, the completion time of
sentences following the Subject- Verb-Object
syntax ranged from 19-24 seconds, depending on
the number of words, having mean of 21 seconds.
In contrast, in sentences with a longer nominal or
with subordinate sentences, the mean of the
recognition time was 30 seconds, increasing by
50%.

In summary, it was observed that there is
no difference in the printed or digital assessment
of the silent fluency of the students, as their
performance is not affected by the way their
assessment is carried out. The relationship of
silent reading fluency to comprehension is
positive, as opposed to the relationship of oral
reading fluency with comprehension. Finally,
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during the analysis of linguistic factors at the word
level, there were delays in compound, multi-
syllabic words, while at the level of sentences, the
syntax of sentences and the size of the nominal
parts were an important factor.

Discussion

The purpose of the research was to
investigate the relationship between oral and silent
fluency, especially when utilizing both printed and
digital measurement of silent fluency, as well as to
highlight the relationship between fluency and
comprehension. Particular emphasis was placed on
silent fluency but also on the investigation of
specific linguistic features of words and sentences,
which present difficulties for students of the third
grade of high school.

According to our findings, it was found
that there is no statistical difference in silent
reading fluence when this is conducted in print or
digital. This is an interesting research finding,
since almost all previous research has utilized
assessment exclusively in print (Ciuffo et. al, 2017;
Denton et al., 2011; Gagliano et al., 2015; Fuchs
et al.,, 2001; Kim et al., 2011; Robinson et al.,
2022; Seok & DaCosta, 2014; van den Boeret al.,
2022). Based on our own findings, we suggest the
possibility of a reliable and valid assessment, in
modern, group, digital format even from a
distance. In addition, there is a possibility of easy
and low cost grading, as well as the possibility of
focusing on linguistic textual factors.

As for the relationship between oral
fluency and comprehension, this was not found to
be important for the students attending third
grade of high school. This result is contrary to the
results of Denton et al. (2011), who observed a
positive and statistically significant correlation
between oral fluency and comprehension and a
moderately positive correlation for silent fluency.
This difference probably lies in the fact that the
research of Denton et al. (2011) also involved
younger ages, where in oral fluency seems to be
more correlated with comprehension, as Kim et
al., (2011), observed. According to the latter, the
relationship of oral reading fluency in the first
grade seems to be stronger than the relationship
of comprehension with silent reading fluency,
which increases during the students' age. It is
possible that oral fluency reaches a ceiling as
students become better readers while, on the

contrary, silent fluency maintains greater
differentiation, which continues until higher
education (Ciuffo et. al., 2017; van den Boer et
al., 2022).

On the contrary, the relationship between
silent reading fluency and comprehension was
important and high especially for the digital
version of the assessment. Regardless of the well-
founded concerns that have been expressed in
international articles about the negative effects of
reading from an electronic device on students'
comprehension (Mangen et al., 2013), the
assessment of fluency through digital media
seems to be significantly linked to reading
comprehension performance. It is possible that the
familiarity with digital reading as a practice may
give greater comfort to students when their
fluency is assessed in a way that is very familiar to
them.

Further information at the word and
sentence level was derived from the digital
assessment of silent reading fluency. Regarding
the level of words, most errors and delays
occurred with regard to compound, multi- syllabic
words with a first prefix. Remarkably, frequently
compound multi-syllabic words were decoded
more accurately and quickly (Kuhn et al., 2010),
indicating that an important factor for
comprehension and reading fluency is the range of
vocabulary (Denton et al. , 2011) and possibly the
overall reading experience.

At the sentence level, the role of verbs
and the Subject - Verb - Object syntax seemed to
facilitate the students' fluency and thus their
comprehension. Verbs are most commonly found
in the middle of the sentence and are likely to
function as central elements within the sentence,
either syntactically or conceptually, thus facilitating
students' reading and comprehension. It can be
assumed that syntactic knowledge as a meta-
linguistic skill influences fluency and
comprehension by mediating the application of
syntactic rules in written language as well
(Manolitsis, 2004).

Based on the findings in this study, the
assessment of silent reading fluency arises as a
quick, asynchronous, cost-effective and reliable
way of assessment, which can be conducted
individually and/or in groups, in paper and/or
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