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GRAMOTNOST, PREGRAMOTNOST
A VZDELAVANT, 7, 3, 3—4

Dear Readers,

We are pleased to present the third is-
sue of the seventh volume of the journal
Literacy, Pre-literacy, and Education. This
“Varia” issue offers a diverse range of
research studies, each focusing on diff-
erent aspects of literacy development in
children and students. Specifically, you
will find three research studies and one
report. The studies address various areas
of reading and mathematical skill deve-
lopment in school-aged children. The
first study introduces a new diagnostic
tool for identifying dyslexia, the second
explores predictors of arithmetic skill
development, and the third examines
the environmental factors influencing
reading literacy. The report provides an
overview of the T-Conference, which
gave high school students the opportu-
nity to present their scientific projects
and develop research skills.

One of the key articles is a study by
Martina Zubdkova and Lucie Kraj¢ovico-
v4, which introduces a new diagnostic
tool for assessing dyslexia in primary
school students. The Silent Word Reading
Test, introduced within the Slovak con-
text, shows promising results in diagno-
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sing dyslexia, which can significantly
improve the identification and support
of affected children.

Another notable study is by Katetina
Skalova Prazakova, Klara Spac¢kova, and
Anna Kucharska, focusing on predictors
of arithmetic skill development in early
school-aged children. This study brings
essential insights into how various per-
formance factors, such as executive fun-
ctions and spatial abilities, impact the
level of arithmetic skills, especially in
children struggling with mathematics.

Hana Sotdkova’s study delves into
the influence of the environment on the
development of reading literacy in first-
grade students. The findings suggest
that family and school environments
play a crucial role in shaping reading
skills and that these factors should be
considered in the diagnosis and interven-
tion for children with specific learning
disorders.

This issue also includes a report by
Monika Kadrnozkova on the first annual
T-Conference, which provided a platform
for high school students to present their
scientific work. This event, focused on
natural sciences, technology, and social
sciences, contributed to the development



EDITORIAL

of young researchers’ skills and enabled
them to engage with experts in these
fields.

All contributions in this issue high-
light the importance of an interdisci-
plinary approach to education and the
integration of theory with practice. The
authors bring forward new findings that
can enrich not only educational practice
but also diagnostic and intervention stra-
tegies within schools and advisory ser-

vices. We look forward to your feedback
and hope that you will find valuable
insights and inspiration from this editi-
on for your own practice.

We wish you an engaging and insight-
ful read.

On behalf of the editorial team,
Anna Kucharskéa
and Monika Kadrnozkova
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The Test of Silent Word Reading as
a Diagnostic Tool for The Identification
of Dyslexia in Pupils of School Age

Martina Zubdkovd, Lucia Krajcovicovd

Abstract: The paper introduces a new Slovak diagnostic tool, the Test of Silent Word Reading,
designed to assess the fluency of silent reading at word level. This brief test takes only 3 minu-
tes, making it suitable for individual and group administration. It comprises two distinct forms,
A and B, facilitating repeated testing for monitoring reading progress. Building on a pilot survey
conducted among primary education pupils, the test demonstrated acceptable reliability and
strong concurrent validity. The study’s objective was to investigate whether pupils diagnosed
with dyslexia perform worse on the Test of Silent Word Reading than their non-dyslexic coun-
terparts and whether this test could be utilized for diagnostic purposes in the future. Analyzing
a sample of 23 pupils diagnosed with dyslexia and 23 control pupils without dyslexia from grades
2to 5 in primary schools, the study confirmed that dyslexic pupils performed significantly worse
in both versions of the test (A and B), as evidenced by the observed scores, raw scores, errors,
and percentage correct. However, there were no statistically significant differences between
the two groups in terms of correction parameters. The observed differences exhibited a mode-
rately strong effect size. The study’s findings suggest that the Test of Silent Word Reading holds
promise for future diagnostic applications in identifying dyslexia among school-age children in

clinical and educational settings.

Key words: Test of Silent Word Reading, silent reading fluency, dyslexia diagnosis, school
age

Abstrakt: Prispevok predstavuje novy slovensky diagnosticky nastroj Test tichého ¢&itania slov,
ktory je zamerany na hodnotenie plynulosti tichého ¢itania na irovni slov. Ide o kratky, rychly,
3-minutovy test, ktory je mozno administrovat individualnou aj skupinovou formou. Test ma
dve rozne formy, A a B, ktoré mozu sluzit na opakovant administraciu a identifikaciu pokroku
v ¢itani. Na zaklade predchadzajuceho pilotného prieskumu na subore ziakov primarneho
vzdelavania bola preukazand jeho akceptovatelna reliabilita a solidna sibezné validita. Cielom

vyskumu bolo overit, ¢i Ziaci s diagnostikovanou dyslexiou podéavajui v Teste tichého ¢itania slov
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THE TEST OF SILENT WORD READING

slabsie vykony ako ziaci bez dyslexie a ¢i predstaveny test by mohol v budicnosti slizit aj na
diagnostické ucely. Na vyskumnom stbore 23 Ziakov s diagnostikovanou dyslexiou a 23 kon-
trolnych ziakov bez dyslexie 2. - 5. ro¢nika zakladnych $kol sa potvrdilo, Ze ziaci s dyslexiou
dosahuju $tatisticky vyznamne horsie vykony v oboch verzidch testu, A aj B, v sledovanych
skdre - hrubé skdre, chyby a percento spravnosti, aviak v parametri opravy neexistuju medzi
tymito skupinami $tatisticky vyznamné rozdiely. Preukazané rozdiely maju z hladiska hodno-
tenia velkosti efektu stredne silny efekt. Vysledky vyskumu naznadujy, ze Test tichého ¢itania
slov moze v buducnosti sluzit na diagnostické tcely pri stanovovani diagndzy dyslexia u deti
v $kolskom veku v klinickej i $kolskej praxi.

Klucéové slova: Test tichého ¢itania slov, plynulost tichého ¢itania, diagnostika dyslexie,

skolsky vek

Introduction

Reading plays a crucial role in today’s
society, serving as a fundamental indi-
cator of literacy and a necessary com-
ponent of social activities such as com-
munication, education, and engagement
with social media. This intricate process
of deriving meaning from abstract writ-
ten symbols stands as the primary means
of accessing information in our modern
age (Handler & Fierson, 2011). Accura-
te and fluent reading comprehension is
indispensable for daily life, cognition,
education, and workplace functionality
(Krieber et al., 2016).

Difficulties in reading pose a signif-
icant challenge for individuals, mani-
festing in poor comprehension of text,
limited vocabulary, and a negative at-
titude towards reading (Lyon, Shaywitz
& Shaywitz, 2003). Moreover, reading
difficulties can have broader repercus-

sions, such as hindering educational at-
tainment and influencing career choices
(Morris & Turnbull, 2007).

Dyslexia as a subtype of
developmental learning
disorders

Developmental learning disorders are
globally acknowledged as a diverse range
of disorders affecting academic abilities
and are included in all major diagnostic
classifications, such as the Diagnostic
and Statistical Manual of Mental Disor-
ders and the International Classification
of Diseases (Grigorenko et al., 2020).

In the latest, 11th revision of the In-
ternational Classification of Diseases
(WHO, 2019), dyslexia is classified under
Developmental learning disorders (code
6A03) and more specifically defined as
a Developmental learning disorder with
impairment in reading (code 6A03.0). It
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is characterized by significant and per-
sistent difficulties in acquiring academ-
ic reading-related skills, such as word
reading accuracy, reading fluency, and
reading comprehension. The individual'‘s
reading performance falls significantly
below the expected level for their chrono-
logical age and level of intellect, resulting
in substantial impairment in academic or
occupational functioning. A developmen-
tal learning disorder with impairment
in reading is not attributed to disorders
of intellectual development, sensory im-
pairment, neurological disorders, lack of
access to education, lack of proficiency
in the language of academic instruc-
tion, or psychosocial disadvantage.

The European Dyslexia Association
(EDA, 2020) reports that dyslexia affects
approximately 9-12% of the population,
with a severe form observed in 2-4% of
school-age children. In Slovakia, 3.2% of
children were integrated into primary
schools in 2019 (Slovak Centre of Scien-
tific and Technical Information, 2020).
However, it's important to note that this
figure encompasses all developmental
learning disorders and not only dyslexia.
This suggests a significant underdiag-
nosis of dyslexia, or probably captures
only the most severe disorders, which
means that at least 6% of children are
not identified and consequently do not
receive appropriate support.

Dyslexia is a developmental learning
disorder with a neurobiological origin
(Lou et al., 2019), manifests in varying

degrees of severity (Shaywitz & Shay-
witz, 2005), and persists into adulthood
(Vellutino et al., 2004).

Depending on its manifestations, dys-
lexia can significantly influence the life
decisions of individuals, as they may opt
to avoid studies and career paths that
require extensive reading. In addition
to being a considerable barrier to aca-
demic success, dyslexia has been shown
to have a detrimental impact on employ-
ment and career progression (Morris
& Turnbull, 2007).

Schulte-Kérne (2010), drawing on
various research studies on the psycho-
logical well-being of children and ado-
lescents with dyslexia, concludes that
40 to 60% of individuals in this group ex-
perience psychological issues, including
anxiety and depression. This percentage
is notably higher than the general preva-
lence of mental disorders, which, accord-
ing to data from the German Child and
Adolescent Mental Health Survey, ranges
between 5 and 18%, depending on the
diagnostic criteria. Children with dyslex-
ia, even in elementary school, often en-
counter negative thoughts, depression,
a melancholic mood, and anxiety related
to school. They frequently feel excluded,
unaccepted, and rejected by teachers.
The rate of negative thoughts and suicide
attempts is three times higher in ado-
lescents with dyslexia, the occurrence
of depression is twice as common, and
anxiety disorders are up to three times
more frequent.
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To mitigate the significant psychoso-
cial implications of dyslexia, it is crucial
to promptly identify students experienc-
ing reading difficulties and offer them
appropriate compensatory strategies or
sufficient support for the enhancement
of their reading skills. Reliable diagnos-
tic tools are essential for the early iden-
tification of these children, enabling the
identification of dyslexia reliably, both
within educational settings and counsel-
ling services.

Oral versus silent
reading

Reading can occur in two ways: as oral
reading, where students read aloud with
appropriate phrasing, or silently, whe-
re the text is processed automatically
without oral output (Wissinger et al.,
2023). Currently, research has shown that
oral and silent reading are different con-
structs, not only on a behavioural level
(Robinson, 2019) but also on a neurobi-
ological level. In neurotypical children,
both reading modes are processed in
distinct neuroanatomical regions (Xia
et al., 2018).

While oral and silent reading share
the same fundamental processes and
strategies, reading aloud entails more
ongoing processes than reading silently.
The primary distinction between these
two reading modes lies in verbalization
(Krieber et al., 2017); in other words,

when reading aloud, speech production
must be coordinated with ongoing lan-
guage perception, including the pronun-
ciation of words, intonation, etc. (Kim,
Petcher & Vortius, 2019). Because oral
reading necessitates the production of
understandable speech, it is consider-
ably slower compared to silent reading
(Laubrock & Kliegl, 2015). Silent reading
isless demanding than oral reading due
to the additional demands caused by ocu-
lomotor movements synchronized with
articulatory processes in silent reading
(Krieber et al., 2017).

Silent reading typically emerges in de-
velopment after oral reading (Laubrock
& Kliegl, 2015). In elementary school,
during reading instruction, the empha-
sis swiftly shifts from decoding aloud to
silent reading. As students advance and
gain proficiency in oral reading, they
tend to gravitate towards silent read-
ing, where they also display enhanced
speed (Krieber et al., 2017). Within the
first three years of formal education,
children may not clearly prefer either
reading mode (Smyrnakis et al., 2021),
but after this period, silent reading be-
comes the favoured approach (van den
Boer, van Bergen & de Jong, 2014), and
for adept readers, the primary method
(Rayner, 1998). Research confirms that
oral reading is slower than silent read-
ing, not only among children but also
adolescents (van den Boer, Bazen, & de
Bree, 2022). Typical readers read 4-9%
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faster when reading silently compared to
reading aloud (van den Boer et al., 2014;
van den Boer et al., 2022).

Reading fluency is a multifaceted
construct that exhibits bidirectional
relationships with other language abili-
ties (Berninger et al., 2010). An essential
aspect of functional reading is fluency.
Fluency in oral reading can be delineated
by three primary components: automa-
ticity of word recognition (i.e., speed),
decoding accuracy, and appropriate uti-
lization of prosodic features of speech
during reading (Kuhn & Stahl, 2003).
Norton and Wolf (2012) conceptualize
“fluency” in a more complex way than
merely the pace and precision of oral
reading, recognizing that much of our
reading occurs silently. They define it
as the “fluency of understanding” of the
text, indicating a manner of reading in
which all perceptual, linguistic, and cog-
nitive processes operate precisely and
automatically, allowing ample time and
cognitive resources for comprehension
and deeper reflection. Conversely, van
den Boer et al. (2022) construe fluency
in a narrower sense, focusing on word
recognition, particularly the number of
syllables a reader can accurately iden-
tify within a given time frame. They cha-
racterize reading fluency as the metric
of reading that most effectively distin-
guishes between proficient and strug-
gling readers.

The findings of the study conducted

by Psyridou et al. (2023) confirm that si-
lent reading fluency can bolster reading
comprehension in typical readers during
the early years of formal education. Con-
versely, proficient reading comprehen-
sion can also enhance silent reading flu-
ency in later grades. In a study by Prior
et al. (2011), which involved 173 children
in grades 1 through 7, a comparison be-
tween oral and silent reading in relation
to reading comprehension was made.
The results indicated that oral reading is
the optimal approach for comprehending
text from 1st to 5th grades. By 6" grade,
neither reading mode demonstrated su-
periority over the other in terms of com-
prehension. Nevertheless, silent reading
has been shown to enhance reading com-
prehension starting in the 7th grade.

The minimum number of words read
aloud for successful comprehension by
English pupils in the 2nd grade of ele-
mentary school is 63 words per minute
(Burns et al., 2011). This figure corre-
sponds to the socially acceptable rate
of reading, which ranges from 60 to 70
words per minute (Matgjcek, 1974). In
contrast, Slovak pupils already meet this
criterion at the beginning of the second
grade (October/November), with their
average speed reaching 63 words per
minute, which increases to 79 words
per minute by the end of the school year
(Zubakova & Mikulajova, 2021).

The relationship between speed and
comprehension is more pronounced
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among typical readers than among
struggling readers. Fourth-grade English
speakers who could accurately read be-
tween 120-140 words per minute, equiva-
lent to the pace of conversational speech,
exhibited superior comprehension. Con-
versely, an increase in reading speed had
an adverse effect on reading comprehen-
sion. Although some typical students
reached speeds of nearly 200 words per
minute, such rapidity did not necessarily
correlate with improved comprehension.
It appears that proficient readers require
a higher speed (at least 70 words/min.) to
achieve average comprehension levels,
whereas children with dyslexia typically
exhibit much lower speeds (at least 40
words/min.) (O'Connor, 2018).

The average silent reading speed
for adults is 12.5 syllables per second,
nearly twice the pace of reading aloud.
Silent reading speed tends to increase
from adolescence through the comple-
tion of university studies, while the rate
of reading aloud remains relatively con-
stant. As a result, silent reading fluency
typically improves until early adulthood,
establishing it as the quickest and most
efficient mode of reading (Ciuffo et al.,
2017).

Although the linguistic-cognitive
precursors of oral reading are relatively
well-documented across different lan-
guage typologies (e.g., Caravolas et al.,
2012), there is still insufficient scienti-
fic investigation into whether this also
applies to silent reading. The results
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of a longitudinal study by Bar-Kochva
(2013) of Hebrew-speaking children,
spanning from preschool age to the end
of the second year of elementary school,
indicate that the language-cognitive
skills fundamental to learning to read
aloud are also essential for the develop-
ment of silent reading. In another study
by van den Boer et al. (2014) involving
Dutch fourth graders, they examined key
abilities for both oral and silent reading,
discovering that rapid automatic nam-
ing is more predictive of reading aloud,
whereas visual attention span is more
closely associated with silent reading.

Silent Reading Fluency
and Its Diagnostic
Significance

There is now evidence indicating that
children and adolescents with dyslexia
read more slowly in both reading modes
than their peers without reading difficul-
ties (van den Boer et al., 2022). Impair-
ments in reading fluency can be regar-
ded as persistent behavioural markers of
dyslexia into adulthood (Christodoulou
et al., 2014).

For many years, conclusions drawn
from English research, characterized
by its outlier orthography, have demon-
strated limited validity for other langua-
ge typologies (Share, 2008). Orthogra-
phic transparency has been shown to
significantly influence the manifestati-
on of dyslexia, with dyslexic symptoms
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being less pronounced in languages with
transparent orthographies (Reis et al.,
2020).

The most recent meta-analysis (Cari-
oti et al., 2021) indicates that in non-
transparent languages, individuals with
dyslexia experience impaired reading
accuracy, whereas fluency (in terms of
reading speed) can be regarded as lan-
guage-non-specific or universal. The
developmental pathways of reading vary
across languages and are significantly
influenced by orthographic depth. While
typical and dyslexic school-age readers
exhibit higher levels of reading accuracy
in transparent languages, this language-
specific effect of dyslexia diminishes in
adulthood. It has been established that
lexical reading (i.e., reading words) poses
greater challenges in non-transparent
languages, whereas non-lexical decoding
(i.e., reading pseudowords) appears to
be language non-specific. Consequently,
reading speed (referred to as the automa-
ticity deficit) can be considered a more
consistent marker of dyslexia than
reading accuracy, irrespective of age,
as achieving a ceiling level in accuracy
becomes easier in adulthood. Many indi-
viduals with dyslexia can attain a rea-
sonable level of proficiency in reading
during adulthood, although mild but per-
sistent decoding difficulties persist, such
as slow reading and reading with consi-
derable effort (Gagliano et al., 2015).

Students diagnosed with dyslexia
encounter challenges with reading flu-

ency, which can impede their reading
comprehension (Robinson, Meisinger &
Joyner, 2019). An American longitudi-
nal study (Robinson, 2019) investigated
the relationships between oral and
silent reading fluency and comprehen-
sion in 2nd, 3rd, 4th, and 5th graders
diagnosed with dyslexia. The children
underwent a battery of tests during two
testing periods within a year, conducted
at the beginning and end of the school
year. Read-aloud accuracy was identi-
fied as the most significant component
of fluency affecting text-level reading
comprehension in both reading modes.
The study’s findings suggest that oral
reading promotes the development of
silent reading, although this relationship
is not reciprocal. Silent reading fluency
does not affect oral reading comprehen-
sion performance, while proficient oral
reading enhances comprehension in
both reading aloud and silent reading.
Thus, it can be inferred that oral reading
fluency, rather than silent reading fluen-
cy, significantly contributes to reading
comprehension.

Van den Boer et al. (2022) compared
both reading modes in children and ado-
lescents with and without dyslexia. They
found that while reading fluency was
similar in both modes in typically devel-
oping children, silent reading was faster
in adolescents. However, in children and
adolescents with dyslexia, the deficit in
silent reading was comparable to or even
greater than the deficit in oral reading,

11
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highlighting the importance of assessing
both modes of reading.

Silent reading fluency is inherently
less observable, rendering its assess-
ment more challenging and less reliable
compared to oral reading fluency (Ciuffo
et al., 2017). Nonetheless, when evaluat-
ing reading skills, it is crucial to assess
both modalities. One compelling reason
for this approach is that dyslexia diagno-
sis often relies on deficient performance
in oral reading fluency, while support
strategies apply mainly to the area of
silent reading. Therefore, it is impera-
tive to incorporate both modes of reading
into the diagnostic process, not only to
evaluate them but also to concentrate
on enhancing both aspects as part of the
intervention (van den Boer et al., 2022).

Currently, eye movement tracking
technology is regarded as the most ob-
jective means of assessing silent read-
ing, enabling precise data collection re-
garding an individual's reading habits.
However, this diagnostic approach is
notably constrained, as it necessitates
strict conditions to be met (e.g., subjects
must remain motionless while reading
and be supervised by trained administra-
tors). While eye tracking offers detailed
insights into eye movements during
reading, it does not furnish information
regarding language processing, includ-
ing reading comprehension (Ciuffo et
al., 2017).

Van den Boer et al. (2014) note that
most research studies have focused

12

primarily on oral reading, even though
silent reading is the primary reading
mode for advanced readers. Although
in schools, once the reading technique is
mastered, the focus shifts to independent
silent reading, the same shift is not seen
in practice when diagnosing dyslexia.
Even though Slovak-speaking children
are already accurate in reading aloud
words and pseudowords by the end of
the first grade (Schoffelova & Mikulajova,
2012), most diagnostic tests in school
practice focus on assessing reading skills
through oral reading.

There are now several standardized
tests available internationally that can
be used to evaluate silent reading flu-
ency. These tests assess silent reading
at various levels, including word, sen-
tence, and text. Some of the most well-
known standardized tests for evaluating
silent reading among English speakers
include:

Gray Silent Reading Tests - GRST (Wie-
derholt & Blalock, 2000) consist of se-
veral short text passages that are deve-
lopmentally ordered, each followed by
multiple-choice questions. The test offers
norms for individuals aged 7 to 25.

Test of Silent Reading Efficiency and
Comprehension - TOSREC (Wagner et al.,
2010) evaluates silent reading efficiency
(i.e., speed and accuracy) and compre-
hension at sentence level. Students are
tasked with reading and verifying the
truthfulness of as many sentences as
possible. The test provides norms for
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grades one through twelve of formal
education.

Other options for assessing silent
reading fluency include tests such as
the Test of Silent Contextual Reading
Fluency - TOSCRF (Hammill, Wieder-
holt & Allen, 2014) and the Test of Si-
lent Word Reading Fluency - TOSWRF
(Mather et al., 2014). The TOSCRF evalu-
ates basic contextual reading skills (i.e.,
word identification, lexical and semantic
skills, and comprehension) by present-
ing examinees with a series of short pas-
sages where words are printed in capital
letters without spaces. Their task is to
mark the boundaries of the words in the
sentences. This test provides norms for
individuals aged 7 to 24 years. In con-
trast, the TOSWRF measures the ability
to accurately and efficiently recognize
isolated words presented in a solid block
of text without spaces and sorted by read-
ing difficulty. Examinees are tasked with
marking word boundaries with vertical
lines within a time limit. This test offers
norms for individuals aged 6 to 24 years.
A meta-analysis examining the validity
of the TOSCRF and TOSWRF (Wissinger
et al., 2023) revealed that scores on these
tests strongly correlate with students’
performance on a wide range of other
tests assessing reading competence.

Currently, Slovakia offers several stan-
dardized tests for assessing silent read-
ing. The first is the Picture-Word Match-
ing Test from the MABEL battery (Cara-
volas et al., 2018), which provides norms

for 1st and 2nd-grade elementary school
students. The second option is the Test of
Word Completion (Mikulajov4, Vencelova
& Caravolas, 2012), which offers norms
for elementary, middle, and high school
students. Additionally, two subtests
from the Reading Battery for Older Pu-
pils - Ci(s)ta (Zovinec & Dufekova, 2014),
namely Word division and Text compre-
hension, provide benchmark standards
for 8th and 9th-grade middle and high
school students.

To address the necessity of evaluat-
ing silent reading fluency among Slovak-
speaking children at the word level, for
screening, diagnosis, and monitoring
progress in therapy, a new Slovak test
was developed - the Test of Silent Word
Reading. This test was inspired by the
TOSWRF mentioned above (Mather et
al., 2014). In the empirical section, we
emphasize its diagnostic potential in
counselling and school practice.

Defining the research
problem

Currently, the assessment of reading
fluency is widely regarded as one of the
most reliable indicators of dyslexia, ir-
respective of age and language typology
(Carioti et al., 2021). In the international
literature, inconsistencies in the inter-
pretation of the concept of reading fluen-
cy are apparent (cf. Kuhn & Stahl, 2003;
Norton & Wolf, 2012; van den Boer et al.,
2022). In our research, we conceptualize

13
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silent reading fluency following van der
Boer et al. (2002), defining it as the num-
ber of correctly identified words within
a specified time frame. The Test of Silent
Word Reading (TSWR) assesses silent
reading fluency, measuring how quickly
and accurately learners recognize lexical
words. Drawing on prior research in the
domain of silent reading among children
with dyslexia, we hypothesize that stu-
dents with dyslexia will exhibit poorer
performance in silent reading fluency
(van den Boer et al., 2022), in terms of
accuracy indicated by the frequency of
errors (Varyova, 2012), and, given the
documented impairment of executive fun-
ctions in dyslexia (Varvara et al., 2014),
in the frequency of corrections made.

Research objective
and hypotheses

This research aims to compare the per-
formance of two groups of pupils in gra-
des 2-5 of primary school: pupils diagno-
sed with dyslexia and a control group
without dyslexia, using the Test of Silent
Word Reading (TSWR). In the formulated
hypothesis (H), we posit that statistically
significant differences will exist between
pupils with dyslexia and those without
dyslexia in the TSWR, across both ver-
sions (A and B), and across all observed
assessment parameters, namely: H1) raw
scores; H2) number of errors; H3) num-
ber of corrections; and H4) percentage
of correctness.

14

Research implementation

The research was conducted in June and
September 2021. Initially, we approached
the principals of selected primary schools
in Bratislava and Central Slovakia to
request their assistance and cooperati-
on in conducting the study. Our first step
involved identifying and testing pupils
diagnosed with dyslexia. Subsequent-
ly, we identified and administered tests
to a control group—comprising pupils
without dyslexia—matched to the set of
dyslexic children. Parents of the appro-
ached pupils provided informed consent
for their child’s participation in the stu-
dy. Dyslexic pupils underwent screening
in June 2021, while non-dyslexic pupils
underwent screening in September 2021.

Research methods

Test of Silent Word Reading
(Zubdkovd, experimental version)
The TSWR is a screening tool inspired
by the English TOSWRF (Test of Silent
Word Reading Fluency; Mather, N. et
al., 2014). This test focuses on assessing
silent reading fluency based on speed
and accuracy. It consists of sequentially
arranged lexical words in lines without
spaces. The examinee’s task is to swiftly
identify the words and demarcate them
with a vertical line at word boundaries
within a 3-minute time limit. The TSWR
can be administered to individual pupils
or in group settings. Two test forms (Ver-
sion A and Version B) allow for repeated
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testing of the same pupils without af-
fecting their performance due to famili-
arity with the test material. Each version
comprises 196 words. A comprehensive
description of the test’s development and
its linguistic underpinnings is available
in a study by Zubdkova and Bekecova
(2022). Before the actual testing, a practi-
ce session ensures that learners unders-
tand the task. Scoring in the TSWR is
straightforward, with 1 point awarded
for each correctly separated word. Four
types of scores are provided: 1) a raw
score, which is the sum of all correctly
separated words; 2) errors, indicating the
number of incorrectly separated words;
3) corrections, representing items initi-
ally separated incorrectly but then cor-
rected through a specially designated
mark; and 4) percentage correct, deno-
ting the proportion of correctly separated
words out of all separated items.

Reading Test with Word Completion
(Mikulajovd, Vencelovd & Caravolas,
2012)

This is a standardized diagnostic tool
designed for pupils in grades 1 to 9 of
primary school. There are two versions
of this assessment tool: a simpler version
tailored for younger pupils in grades 1-4
of primary school, consisting of single-
word selections, and a more complex
version intended for older pupils, which
includes the standards for the two-word
version applicable for grades 4-9 of pri-
mary school. The test evaluates reading

comprehension at the sentence/short
passage level within a defined time
interval. The examinee’s task is to read
the sentences silently and identify the
target word from multiple offered opti-
ons by underlining it. This task engages
semantic, lexical, and phonological lan-
guage skills, as well as working memo-
ry. The lexical-semantic way of reading
is employed. Each correctly underlined
word earns the pupil one point. The
reading performance score (raw score)
is the sum of all correctly completed
words. The reading accuracy score
gauges comprehension level regardless
of reading speed, it is computed by divi-
ding the raw score by the total number
of items (correctly and incorrectly com-
pleted) and multiplying by 100, yielding
the percentage of correctly completed
words (percentage correct). The test
can be administered either in groups or
individually.

Graded Word Spelling

(Caravolas et al., 2018)

This test is a component of the Multi-
language Assessment Battery of Early
Literacy (MABEL), a comprehensive
assessment tool designed to evaluate
early literacy skills and map the abili-
ty to spell increasingly complex words.
The assessment encompasses various
spelling rules, including graphotactic,
morphological, and morphophonological
principles, and also assesses knowledge
of selected words. Dictated words incor-
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porate different types of inconsistencies.
Words within the test are arranged in
ascending order of difficulty and vary
in syllable length (ranging from 1 to 3
syllables) as well as syllable structure,
including variations with and without
consonant clusters. During administra-
tion of the test, the administrator dicta-
tes each word three times: initially as the
target word, then within a short phrase,
and finally as the target word again.
This repetition ensures that the pupil
hears the target word multiple times,
facilitating comprehension and recall.
The test can be administered to indivi-
duals or groups, allowing for flexibility
in testing environments. Each correctly
spelled word earns the test taker one
point, while incorrectly spelled words
receive zero points. The gross score is
calculated by adding up all the correctly
spelled words.

Advanced Spelling Test for Upper-
Level Pupils (Vencelovd, Mikulajovd
& Caravolas, 2012)

This spelling test is tailored for pupils
in the second stage of primary school,
encompassing grades 4th through 9th.
The assessment comprises 50 target
words, each dictated to the pupils up to
three times to minimize errors resulting
from misunderstanding the target words.
The test aims to evaluate the spelling
proficiency of older pupils, particularly
focusing on their ability to accurately
spell ‘i’ and ‘y’ after consonants in the
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root of a word, as well as after conso-
nants in a grammatical morpheme at
the end of a word. In evaluating spel-
ling performance, a clear distinction is
drawn between specific errors, referring
to deviations from the correct spelling of
the target graphemes, and non-specific
errors, encompassing all other inaccu-
racies excluding the target graphemes.
Each correctly spelled target grapheme
in a dictated word earns the pupil one
point. The raw score is derived from the
total number of words in which the pupil
correctly spelled the target grapheme.
Furthermore, the non-specific error sco-
re indicates the total number of errors
made by the pupil outside the designated
target spelling phenomena. Testing can
be conducted both individually and in
group settings to accommodate different
instructional contexts.

Participants

The research sample comprised two
distinct cohorts of pupils spanning gra-
des 2 through 5 within the primary school
setting: 1) pupils devoid of dyslexia or
any officially diagnosed developmental
learning disorders (such as dysortho-
graphia, dysgraphia, dyscalculia), and
2) pupils diagnosed with dyslexia at
a Counselling and Prevention Centre.
Initially, 35 pupils were assessed in each
group during the research’s prelimina-
ry phase, which took place during the
months of June and September in 2021.



MARTINA ZUBAKOVA, LUCIA KRAJCOVICOVA

The investigative process commenced
with the evaluation of a cohort of pupils
identified as having dyslexia, followed
by their pairing with non-dyslexic coun-
terparts through a method of pairwise
selection based on a corresponding
grade level. A fundamental prerequi-
site for inclusion in the dyslexic group
was the verification of a developmental
learning disorder, specifically dyslexia,
by a qualified professional. Conversely,
pupils without dyslexia were admitted
to the control group based on parental
affirmation of the absence of any neuro-
developmental disorders. In addition to
the administration of the TSWR (versions
A and B), both cohorts underwent asse-
ssment utilizing the Reading Test with
Word Completion (Mikulajové, Vencelo-
vé & Caravolas 2012). The examination
comprised single-word completion tasks
for pupils in grades 2 through 4 and two-
word completion tasks for those in grade
5. Furthermore, spelling proficiency was
evaluated through the implementation of
the Graded Word Spelling assessment for
pupils in grades 2 through 4 (Caravolas et
al., 2018), while students in grade 5 took
the Advanced Spelling Test for Upper-
Level Pupils (Vencelova, Mikulajova &
Caravolas, 2012).

Despite the child’s designated status
(diagnosis of dyslexia versus non-dys-
lexic pupil), we established our inclusion
criteria for the ‘dyslexic’ and ‘non-dyslex-
ic’ groups to ensure that they remained
mutually exclusive. This decision was

motivated by the longstanding unfa-
vourable situation in Slovakia, where
the Minimum Diagnostic Standards for
Developmental Learning Disorders were
not established until 2019 (National In-
stitute for Education, 2019), resulting
in considerable variation in diagnostic
procedures among Counselling and Pre-
vention Centres. We also recognized the
possibility of children with poor reading
or spelling performance being included
in the cohort of non-dyslexic pupils due
to the historical underdiagnosis of devel-
opmental learning disorder in Slovakia.
For these reasons, we decided that only
pupils meeting predefined criteria could
be included in each group. For each pu-
pil, we evaluated performance in reading
and spelling skills using a standardized
test. In establishing the criteria, we
drew inspiration from the guidelines
outlined by van den Boer et al. (2022)
and admitted only those children to the
dyslexic group who demonstrated an
elevated risk (below the 10th percen-
tile) in at least one of the administered
tests. Conversely, pupils without dyslexia
were required to perform above the risk
threshold (above the 10th percentile) in
both tests for inclusion. Pupils who did
not meet the specified criteria in their
respective groups were excluded from
the research population.

The ultimate research sample com-
prised 46 pupils spanning grades 2
through 5 in primary school, specifically
23 pupils diagnosed with dyslexia and an
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Chart 1. Distribution of Dyslexic and Non-Dyslexic Pupils Across Grade Groups

equal number of 23 pupils without dys-

lexia (refer to Figure 1). Regarding gen-

der distribution, the sample consisted
of 33 boys and 13 girls, with 16 boys and

7 girls in the non-dyslexic group, and 17

boys and 6 girls in the dyslexic group.
The research groups exhibited signi-

ficant age differences, with an average
gap of 11 months, as indicated by the

Mann-Whitney U test (U = 106.5, Z = -

3.474; p = 0.001). This discrepancy can be

attributed to the following factors:

1. Varied testing times: The dyslexic
pupil group, tested towards the end
of the academic year, boasted an
average age of 10 years and 6 mon-
ths, approximately 11 months older
than the non-dyslexic control group,

18

which underwent testing at the start

of the year and had an average age of

9 years and 7 months.

2. Higher prevalence of deferred school
entry: The dyslexic group displayed

a higher incidence of deferred school

entry, with 9 pupils compared to the

6 pupils in the control group.

The decision not to test the grouped
pupils at a single point in time was based
on the primary focus of our research be-
ing centred on evaluating reading flu-
ency in children with dyslexia, who are
known to be particularly affected in this
area. Therefore, we opted to provide pu-
pils with dyslexia one full school year
to consolidate their reading skills, en-
suring that any observed performance
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Table 1. Characteristics of Non-Dyslexic and Dyslexic Pupil Groups by Age

N Min Max Mean Median SD
Non-Dyslexic pupils 23 86 133 116,22 118 10,91
Dyslexic pupils 23 108 142 127,39 125 8,86

Note: The pupils’ ages are expressed in months.

Table 2. Descriptive Statistics

of Performance for the Group of Non-Dyslexic

Pupils

N Min Max Mean Median SD Normality
TSWR A (RS) 23 22 99 64,39 64 18,05 ,29
TSWR A (E) 23 0 14 2,43 2 3,3 ,00
TSWR A (C) 23 0 6 1,26 1 1,51 ,00
TSWR A (%) 23 61,11 100 95,21 97,18 8,41 ,00
TSWR B (RS) 23 30 108 74,17 73 18,73 ,24
TSWR B (E) 23 0 20 2,83 0 4,78 ,00
TSWR B (C) 23 0 6 1,83 1 1,59 ,01
TSWR B (%) 23 71,43 100 95,92 100 7,21 ,00
RTWC 1 (RS) 18 4 12 7,67 75 1,97 ,91
RTWC 1 (%) 18 80 100 92,69 91,16 7,18 ,00
RTWC 2 (RS) 5 17 29 21,80 22 4,76 ,59
RTWC 2 (%) 5 90 95,65 92,54 92 2,43 ,55
GWS (RS) 18 7 31 25,67 27,5 5,84 ,00
ASTUP (RS) 5 31 46 40,4 41 5,77 4
ASTUP (E) 5 0 4 1,8 1 1,64 ,49

discrepancies were not influenced by ex-
ternal factors. For instance, we aimed to
mitigate the potential impacts of reduced
lesson allocations during the COVID-19

pandemic measures implemented from
2020 to 2021, which may have affected
dyslexic pupils more acutely than their
peers without reading difficulties.
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Table 3. Descriptive Statistics of Performance for the Group of Dyslexic Pupils

N Min Max Mean Median SD Normality
TSWR A (RS) 23 25 92 48,57 46 16,64 1
TSWR A (E) 23 0 17 6,13 6 5,29 ,04
TSWR A (C) 23 0 5 1,74 2 1,14 ,01
TSWR A (%) 23 59,52 100 87,9 88,52 11,2 ,01
TSWR B (RS) 23 33 105 60,48 60 17,13 ,35
TSWR B (E) 23 0 13 5 4 4,22 ,03
TSWR B (C) 23 0 7 2,52 2 1,95 1
TSWR B (%) 23 80,77 100 92,37 92,96 5,74 3
RTWC 1 (RS) 18 3 14 6,83 6 2,83 17
RTWC 1 (%) 18 21,74 100 81,21 88,2 19,69 ,00
RTWC 2 (RS) 5 4 20 14,2 16 6,02 A1
RTWC 2 (%) 5 44,4 88,89 75,39 83,33 18,73 ,10
GWS (RS) 18 8 29 18,67 18,5 5,79 ,67
ASTUP (RS) 5 23 37 28 27 5,39 ,26
ASTUP (E) 5 2 29 18 24 12,19 ,21

Note: TSWR A/B (RS) - raw score; TSWR A/B (E) - number of errors; TSWR A/B (C) - number of corrections; TSWR A/B
(%) - percentage of correct responses; RTWC 1 (RS) - Reading Test Word Completion (raw score) - the number of words
correctly completed for the single-word version administered to pupils in Grades 2 to 4; RTWC 1 (%) - Reading Test
Word Completion (percentage) - percentage of reading accuracy for the single-word version administered to pupils in
Grades 2 to 4; RTWC 2 (RS) - Reading Test Word Completion (raw score) - the number of words correctly completed for
the two-word version administered to pupils in Grade 5; RTWC 2 (%) - Reading Test Word Completion (percentage) -
percentage of reading accuracy for the two-word version administered to pupils in Grade 5; GWS (RS) - Graded Word
Spelling (raw score) - number of correctly spelled words; ASTUP (RS) - Advanced Spelling Test for Upper-Level Pupils
(raw score) - number of correctly spelled words; ASTUP (E) - Advanced Spelling Test for Upper-Level Pupils (number of
non-specific errors); the Shapiro-Wilk test was utilized to evaluate the normality of the test data

Results

For the statistical analysis of the results,
we utilized the statistical software
SPSS 23. Before interpreting the results,
we present tables containing descriptive
statistics of the performances, including
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mean values, medians, standard devia-
tions, minimum and maximum values,
and the normality of distributions, for
both research groups separately (Table 2
for pupils with dyslexia and Table 3 for
pupils without dyslexia).

In Figures 2 and 3, the discrepancies
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Figure 2. Comparison of Raw Scores Performance in TSWR A between Non-Dyslexic

and Dyslexic Pupils by Grade Group
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Note: The y-axis displays the raw score values, representing the number of correctly separated words.

in the raw scores of TSWR A and B be-
tween the groups of dyslexic and non-
dyslexic pupils across grade levels are
evident. Notably, in both groups, pupils
attained higher raw scores on average in
version B, which was administered sec-
ond in order. Additionally, it is observable
that performance gradually improves for
both research groups throughout grades
2-5. As the grade level increased, pupils
exhibited higher scores on the TSWR in
both versions of the test.

Based on the literature reviewed, we

hypothesized the presence of statistically
significant differences in performance
on the Test of Silent Word Reading (both
A and B versions) for dyslexic and non-
dyslexic pupils across all studied para-
meters (H1, H2, H3, H4). We employed
the non-parametric Mann-Whitney U test
to compare differences in the Test of Si-
lent Word Reading (refer to Table 4). The
statistical verification results confirmed
the validity of the formulated hypotheses
in H1, H2, and H4. Specifically, there are
statistically significant differences be-
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Figure 3. Comparison of Raw Scores Performance in TSWR B between Non-Dyslexic

and Dyslexic Pupils by Grade Group
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Note: The y-axis displays the raw score values, representing the number of correctly separated words.

tween the research groups in raw scores,
error rates, and percentage correctness,
all to the disadvantage of dyslexic pupils.
However, our research did not confirm
H3, indicating no statistically significant
differences between the groups in the
area of corrections. Additionally, when
differences were observed, we further
investigated the effect size(r) calculat-

z

ed using the formula " =75 . The results

22

revealed a medium effect size between
the groups across the parameters of raw
scores, errors, and percentage correct-
ness in both versions A and B.

Discussion

Our research aimed to compare the per-
formance of two research groups, namely
dyslexic and non-dyslexic pupils, in the
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Table 4. Comparison of Performance on the Test of Silent Word Reading Between

Dyslexic and Non-Dyslexic Pupils

TSWR B

TSWR A TSWR TSWR A TSWR TSWRB TSWRB (correc- TSWR B
(RS) (corrections) A (%) (RS) (errors) . (%)
tions)
Mann-

. 131,000 147,000 185,500 148,000 153,000 165,000 209,000 144,500

-Whitney U
Z -2,935 -2,622 -1,797 -2,589 -2,451 -2,237 -1,242 -2,693
P ,003 ,009 ,072 ,010 ,014 ,025 ,214 ,007
T 0.43 0,39 0,38 0.36 0,33 0,4

new Test of Silent Word Reading. We
utilized a sample of 46 Slovak-speaki-
ng pupils from grades 2 to 5 in primary
school and assessed their performance
on the Test of Silent Word Reading in
terms of raw scores, errors, corrections,
and percentage correct. Our formulated
hypothesis posited that there would be
statistically significant differences in all
parameters to the disadvantage of pupils
with dyslexia.

The research population consisted
of mainstream primary school pupils,
who were matched according to their
year group, with non-dyslexic pupils
being tested at the beginning of the
school year and dyslexic pupils at the
end of the school year. Dynamic changes
in literacy development occur during
the early years of formal education, as
confirmed by Mikulajovd, Vencelova
& Caravolas (2012, p. 162), who assert
that grades 1 to 4 represent “the stage
of reading development from its origins to

its automation”. Given that our research
primarily focused on children at the
primary level of education, we opted to
test dyslexic pupils only at the end of
the school year to allow them time to
consolidate their reading skills, for at
least two reasons.

One reason was that we tested silent
reading fluency, which is considered
a scientifically validated neurobiological
indicator (Christodoulou et al., 2014) and
a behavioural marker of dyslexia (van
den Boer et al., 2022), across typologi-
cally different languages (Carioti et al.,
2021). Since children with dyslexia are
known to exhibit lower reading fluency
compared to their peers (van den Boer
et al., 2022), we aimed to ensure that
the validated test could effectively diff-
erentiate between them within the same
grade level, even with nearly a 10-month
disparity over the school year. This is
particularly important if standardized
tests establish norms based on assessing
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a standardized sample at a single point
in time for an entire grade.

The second, crucial reason was that
all children were tested during the
COVID-19 pandemic, a period when the
pandemic’s impact had not yet been
scientifically examined. However, there
was an increase in negative feedback
from families, schools, and clinical set-
tings, particularly in relation to the chil-
dren with neurodevelopmental disorders.
Hence, we scheduled the assessment of
the dyslexic children at the end of the
school year to provide time for acade-
mic skill consolidation and mitigate the
potential effects of the COVID-19 pan-
demic. This pandemic, which occurred
from 2020 to 2021, resulted in reduced
instructional hours and in social isola-
tion due to anti-pandemic measures,
factors to which dyslexic pupils might
have been more susceptible compared
to their neurotypical peers with regard
to literacy. This assertion is supported by
an Italian study conducted by Baschenis
et al. (2021), which examined the effects
of the pandemic lockdown on 65 dyslexic
children in grades 3 to 8 (mean age 10.64
years, SD = 1.60). The study revealed that
up to 63% of dyslexic children did not
achieve the expected average progress
in reading skills, underscoring the vulne-
rability of dyslexic children as a specific
at-risk group for whom school closures
may carry greater consequences than
the neurotypical population.

We were interested in comparing the
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performance of dyslexic and non-dyslexic
pupils in the Test of Silent Word Reading
across both versions. We found that per-
formance improved for both research
groups throughout Years 2-5, a trend
consistent with findings from pilot stu-
dies conducted at both primary level
(Zubakova & Beketova, 2022) and lower
secondary level (Zubakova et al., 2023).
Additionally, we noted differences in per-
formance between versions A and B for
both groups, with version B consistently
yielding better results. This improvement
can be attributed to the learning effect,
a phenomenon confirmed by previous
research (Mather et al., 2014; Zubakova
& Bekecova, 2022). In another investigati-
on (Zubakova et al., 2023) focusing on the
new TSWR, we verified whether versions
A and B were comparable in difficulty
and if the observed learning effect con-
tributed to the enhanced performance in
the second administered test. Through
paired sampling of 50 pupils in grades
5 to 9 of primary school, we confirmed
no statistically significant differences
between versions A and B in either type
of score.

When comparing the two research
groups, the most notable differen-
ce between them was evident in the
average raw scores in both test versi-
ons - dyslexic pupils correctly identified
a lower number of words on average
compared to their non-dyslexic coun-
terparts. This outcome could be attri-
buted to the slow and non-fluent reading
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commonly observed in individuals with
reading difficulties (Mikulajova, Vence-
lova & Caravolas, 2012), which has been
confirmed in both reading modes (van
den Boer et al., 2022). Another contribu-
ting factor may lie in the distinct reading
strategies employed by individuals with
dyslexia, as suggested by Vagge and col-
leagues (2015) in their research. They
argued that dyslexic individuals engage
in a more complex and effortful visual
scanning process when reading written
information compared to those without
dyslexia. Additionally, Rayner et al. (2016)
proposed that language processing, par-
ticularly word identification, serves as
the primary driving force behind reading.
According to the authors (Reichle, Pollat-
sek & Rayner, 2006), the speed of reading
relies on the linguistic processing of the
written material. Another factor that
may contribute to the lower number of
words identified by dyslexic students is
vocabulary knowledge. This has been
supported by research (Wise et al., 2007)
conducted on primary school dyslexic
pupils in Grades 2 and 3. The findings
revealed that a good level of expressive
vocabulary significantly enhances the
ability to read words aloud. Since per-
formance on the TSWR encompasses
reading accuracy as well as speed, we
can refer to the research of Selingero-
va (2018), concerning the influence
of vocabulary on pupils’ performance.
Based on her findings, she identified
vocabulary as one of the predictors of

reading fluency, alongside RAN (rapid
automatized naming) ability, phonemic
awareness speed (phoneme transposi-
tion), and working memory. Ouellette
(2006) explains that individuals with
larger vocabularies tend to be more
attuned to sublexical details, which
impacts reading fluency. These results
align with the lexical quality hypothesis
(Perfetti, 2007), which posits significant
associations between lexical ability and
reading comprehension.

The two research groups were also
distinguished by the parameter of the
number of errors. The higher error rate
in the dyslexic group may stem from
less developed language abilities (Adlof
et al., 2017), weaker vocabulary (Adlof
& Hogan, 2018), deficiencies in reading
technique (van den Boer et al., 2022),
deficits in executive function (Brosnan
et al., 2002), as well as a consequence
of possible comorbidity with ADHD, pre-
dominantly relating to attention (Boada,
Willcutt & Pennington, 2012).

Within the framework of the formu-
lated hypothesis, we hypothesized that
statistically significant differences would
be present in the performance of pupils
with and without dyslexia in the TSWR.
This was confirmed, based on the results
of the Mann-Whitney U test, in all obser-
ved parameters in both versions A and B,
except for the parameter of corrections.
There was no statistically significant
difference in the correction parameter;
the research groups did not differ signi-
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ficantly from each other in terms of the
number of corrections made. The lack
of significant differences in corrections
between dyslexic and non-dyslexic pupils
can be attributed to the primary difficul-
ties in reading fluency experienced by
individuals with dyslexia (e.g., Carioti
et al., 2021). Despite being slow, indivi-
duals with dyslexia tend to be accurate
when reading, especially in transparent
languages (Mikulajova, Vencelova & Ca-
ravolas, 2012). Since the test sheet is
perceptually present throughout testing,
students were not shown to make a sta-
tistically higher number of corrections
than the general population. Although
the differences in this parameter did not
prove to be significant, there were more
corrections in the group of pupils with
dyslexia. For instance, in Test Form A,
pupils without dyslexia scored between
0 and 6 corrections (M = 1.25), while
pupils with dyslexia had scores ranging
from O to 13 (M = 1.74). A higher number
of corrections in the test may indicate
impairments in attention and executive
functions, which are typical features of
ADHD (Shiels & Hawk, 2010). Although
children with dyslexia may experience
difficulties in executive functions (Barbo-
sa et al., 2019), these challenges are more
likely related to deficits in phonological
working memory, which is directly asso-
ciated with the core deficit in dyslexia.
Alternatively, it could be ADHD with
a predominance in the attentional
domain, a comorbidity that frequently
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occurs with dyslexia (DuPaul & Volpe,
2009). However, research findings sug-
gest that an increased number of cor-
rections in silent reading is not a typical
diagnostic marker for dyslexia.

In addition to our aim of determining
whether there were statistically sig-
nificant differences in TSWR between
the groups, we were also interested in
the magnitude of the demonstrated ef-
fect. As noted by Hajduk (2020), simply
stating that a difference is statistically
significant is not sufficient; it is crucial
to quantify the demonstrated finding to
indicate the level of evidence. The effect
size in the parameters - raw scores, er-
rors, and percentage correct - indicated
an effect size (r) ranging from 0.33 to
0.43, which can be considered a mode-
rate difference.

We also compared the results of
our research with the outcomes of the
TOSWRF (Mather et al., 2014), which
was standardized on a cohort of 2,429
individuals aged 6 to 24 years. In the
manuscript, the authors reported the
mean scores of the entire normative set
(M =100 words, SD = 15), as well as the
performances of different clinical sub-
groups with neurodevelopmental diffe-
rences that were part of the normative
set. Among the clinical group of develo-
pmental learning disorders, those with
combined deficits (dyslexia, dysortho-
graphia, and dyscalculia, M = 80 words,
SD = 13) performed the poorest, while
those with dyslexia alone performed
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slightly better (M = 87 words, SD = 13).
In our research set, non-dyslexic pupils
separated an average of 16 more words
in Version A than those with dyslexia,
which aligns with the findings of the
authors of the TOSWREF test, who showed
a 13-point difference for those diagnosed
solely with dyslexia.

The Test of Silent Word Reading is
a quick, brief, and easily administered
assessment that is timed. The utilization
of time-limited tests in the diagnostic
process is also advocated by Carioti et al.
(2021). This recommendation is particu-
larly pertinent because reading can be
arduous for individuals with dyslexia and
overburdening them with lengthy and
challenging tasks during the diagnos-
tic process may yield subjective results.
Identifying dyslexia early is crucial, as
highlighted by Denton et al. (2011), as
delayed intervention can severely limit
effective remediation options, especially
if a child’s reading skills lag behind their
peers by several years. After undergoing
the standardization process, the silent
word reading test can serve as an essen-
tial diagnostic tool in assessing reading
ability comprehensively.

Research limitations,
future directions,
and conclusion

The research study possesses several
limitations that necessitate considera-
tion when interpreting the findings. One

limitation stems from the absence of uni-
form criteria for diagnosing dyslexia in
Slovakia for many years. Furthermore,
the lack of standardized diagnostic tools
capable of comprehensively assessing
all areas poses another limitation. Con-
sequently, children officially diagnosed
with dyslexia had to be excluded from
the research sample based on inclusi-
on criteria. Conversely, control pupils
matched to those with dyslexia were
also excluded from the research set due
to poor performance in reading and/or
spelling skills, despite their parents
reporting no neurodevelopmental diff-
iculties. While the Minimum Diagnostic
Standards for the Diagnosis of Develo-
pmental Learning Disorders (National
Institute for Education, 2019) now exist,
the absence of diagnostic tools for com-
prehensive, objective diagnosis persists.
Specifically, there is a dearth of tools
for assessing language abilities during
school age, tests to evaluate diagnostic
markers of dyslexia, tests of reading and
spelling skills beyond the word level, and
reading tests that assess both modes of
reading at various levels.

Another limitation of the research
is that intellectual ability was not as-
sessed when selecting participants for
the groups. In the sample of dyslexic
pupils, we received information from
the Counselling and Prevention Centres
indicating that the intellectual abilities
of the selected pupils were within the
average range. However, in the future, it
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would be necessary to evaluate the intel-
lectual abilities of the pupils as well.

A third limitation of the research is
that in the study population of dyslexic
pupils, there were also children with
comorbid disorders who were not spe-
cifically identified. We believe that in
the case of comorbidity with a develop-
mental language disorder (an older term
for developmental dysphasia) or ADHD,
these individuals may have performed
below expectations, as language abili-
ties and attentional processes are cru-
cial components in the reading process.
Therefore, we recommend that future
research explores performance on the
TSWR with a larger sample of dyslexic
pupils, while also identifying and con-
trolling for comorbid disorders.

In conclusion, the present research
demonstrates that the new Test of Si-
lent Word Reading has the potential to
be utilized by speech therapists, special
educators, and psychologists in the fu-
ture as an assessment tool for evaluat-
ing silent reading fluency during the
diagnosis of developmental learning
disorders, in counselling, clinical, and
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Comparison of Screening Questionnaire
Results Focusing on Environmental
Influences when Monitoring the
Development of Reading Literacy
among Pupils in the 1st Grade

of Primary School

Hana Sotdkovd

Abstract: The paper focuses on environmental influences in the development of reading literacy
among primary school pupils. We build on data obtained through screening questionnaires for
family and teachers, which were created and verified during the standardisation of the PorTex
test battery (Porozuméni textu/Reading Comprehension, Kucharska et al., 2021) aimed at reading
and reading comprehension assessment in Grade 1 - Grade 5 pupils. We believe that environ-
mental factors can have an impact on the development of reading literacy and it is possible to
use these environmental factors during interventions for pupils with specific learning difficul-
ties; they should therefore be included in diagnostics. In the following text, we will present the
results of the experimental questionnaires created for the above-mentioned test battery, we will
show the potential for using their outputs and how they relate to the pupils’ results in tests of
reading, reading comprehension and language awareness. We will also discuss the potential
of these questionnaires in diagnostic and counselling practice.

Key words: Reading; Reading comprehension; Environmental factors; Parent questionnaire;

Teacher questionnaire; Reading assessment; Intervention
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COMPARISON OF SCREENING QUESTIONNAIRE RESULTS

Environmental Factors
in the Development of
Reading Literacy in
Pupils

According to Thor (2015), reading is
a developmental task based on the
demands of society, and although it is
not yet an essential skill for a successful
life within a society in many countries
around the world, it is just the opposite
in our culture. In view of this, reading
and its development with the support
of educational institutions is given con-
siderable attention. Based on domestic
and international empirical studies, it
is evident that factors related to the
attitude of family and school are also
important factors for the development of
reading literacy. In fact, a child learns to
read mainly in two basic environments:
within the family and at school. In the
family, the child is introduced to books
and activities related to reading while
at school, they work on the targeted
development of reading and writing. It
turns out that even the teacher’s appro-
ach as well as the chosen method can
play a crucial role, especially for begin-
ning readers and children with specific
difficulties (cf. Gabal & Vaclavikova Hel-
$ova, 2003; Kucharskd, 2014; Sénéchal
& LeFevre, 2014).

When creating a test battery for
reading diagnostics, we therefore deci-
ded to include screening tools for moni-
toring environmental factors, namely
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a questionnaire for parents and a ques-
tionnaire for teachers. Our motivation
was a comprehensive diagnosis based
on the prevention-intervention model -
hence a diagnosis serving as a basis for
determining possible interventions in
case a pupil shows deficits in reading or
reading comprehension or simply needs
support to develop their maximum poten-
tial in the given area. It was also about
identifying whether the pupil’s problems
in reading and reading comprehension
might be related to an unstimulating
environment or a teacher’s approach
that does not meet the pupil’s needs.
When diagnostics are carried out by
school counselling staff for children with
reading difficulties, whatever their natu-
re may be, we consider it important to
assess the influence of the environment,
which can be stimulating but can also
have a negative effect on the develop-
ment of the skills mentioned (Kucharska
et al., 2021).

We first present the two experimental
tools, their design process, administra-
tion, and then the results of the stan-
dardisation study. As mentioned above,
given that they are complementary to
diagnostic information, the questionnai-
res are conceived as screening tools to
determine the level of risk in the family
or the teacher’s approach and to allow us
to use them to collaborate in interventi-
on or to look for new ways to support the
pupil in compensating for reading com-
prehension problems. Thus, we assess



the risk level of the family and school
environments, and consider whether
their outcomes are complementary and
whether one environment has the poten-
tial to compensate for the risk level of the
other (Kucharsk4 et al, 2021).

Parent Questionnaire -
Screening Method

The family is undoubtedly one of the
most important factors that influence
the development of a child. It contributes
to the formation of a child’s attitudes
and values, which of course also applies
to the field of education. The family is
also the setting for the development of
so-called pre-literacy skills, i.e. the skills
necessary for the satisfactory develop-
ment of reading, writing and arithmetic.
As repeatedly found in research studies,
the number of books in the household is
one of the important criteria for asses-
sing the socio-economic status of the
family (Kucharskd, 2014). Thus, the fami-
ly can facilitate the child’s start in the
early years of schooling and, in the long
term, guide the child’s reading beha-
viour. That is why theories dealing with
the influence of the family environment
on a child’s success in school appeared
as early as in the 1970s, referring to the
socio-cultural capital or socio-cultural
handicap that a child carries with them
from their family (Stech, 2000; Havlik
& Kota, 2011; Greger, Simonov4, & Stra-
kova, 2015).

HANA SOTAKOVA

As Kucharska (2014) points out, the
family has a significant influence on the
development of pre-reading skills and
abilities through activities such as intro-
ducing the child to books and reading,
making books available from an early
age, by the child observing the parents
reading, telling stories and discussing the
stories they have read. The family may be
one of the protective factors for literacy
development but we can also find risk
factors here in terms of disposition (e.g.
the presence of specific learning disabi-
lities in the family) or those stemming
from an unstimulating environment.
This is the basis for monitoring family
influence in the context of screening
family reading environments. The family
reading environment, or Home Literacy
Environment (HLE) in international lite-
rature, is to some extent related to the
socio-economic status of the family but
there is no direct causality; in addition,
the value system of the family, especially
their attitude towards education, enters
into the picture. For our purposes, we
consider this to be an umbrella term for
all notions of family environment and
family activities related to reading. We
can divide it into two basic areas: con-
ditions for reading (availability of books,
parents’ reading pattern, shared reading
as a leisure activity); the second area is
reading practices in the family, where
we focus on targeted parental activity
for reading development (e.g. learning
letters, connecting pictures with letters
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or words). Sénéchal and LeFevre (2002,
2014) bring a similar approach, distin-
guishing factors that support the deve-
lopment of a child’s reading literacy and
identifying the key factors to be related
to the child’s personality and cogniti-
ve abilities as well as environmental
factors, where the family plays a crucial
role, especially in the preschool period.
Based on their longitudinal research,
they developed a model of the family
literacy environment comprising formal
and informal family literacy development
activities. They consider all activities
where parents purposefully develop their
child’s literacy skills to be formal. On
the other hand, informal activities are
based on the frequency of spontaneous
activities where reading or just book-
related activities (looking at pictures,
talking about stories, etc.) are involved.
According to them, the frequency and
proportion of these activities in the fami-
ly plays a crucial role in literacy develop-
ment of beginning readers, i.e. children
from preschool age to the third year of
compulsory schooling, when the child
becomes an independent reader.

Korat and her colleagues reach simi-
lar conclusions with Arabic-speaking
children. Using a study of 109 children,
they show that family background is
a significant factor in a child’s reading
performance in 1st grade. Again, the
socio-economic status of the family is
reflected here (see above), but surpri-
singly, the research in question did not
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show a significant relationship between
the child’s performance and the mother’s
efforts to interpret the meanings of the
text verbally (Korat et al., 2013). Thus,
the results of the selected research sug-
gest both the importance of the family
reading environment and the possible
intervention potential for developing
reading development and literacy skills
in general. The importance of the family
reading environment is also underlined
especially by intervention studies tar-
geting the prevention of literacy deve-
lopment difficulties. Niklas and Schnei-
der (2013) conducted research with 921
children and their families. Their results
highlight the fact that children from
families applying literacy development
activities (a researcher-led interventi-
on) showed better language competence
and phonological skills. Intervention in
literacy development also significantly
helped them in overcoming socio-cultu-
ral handicaps.

It follows from the above that the
family reading environment is one of the
important factors in the development
of a child’s reading abilities and great-
ly influences the child’s relationship
with reading and their achievement in
it. Nevertheless, it must be understood
as one component of a comprehensive
view of the child’s reading development;
as Carreteiro points out (Carreteiro et
al., 2015), some authors consider the
importance of the family to be overesti-
mated - it cannot be removed from the



context of other influences such as the
child’s cognitive and personality charac-
teristics. The importance of the family
environment is greatest in the early
stages of literacy development, which
is also why most of the research cited
above focuses on the period before and at
the beginning of compulsory schooling.

Description, Administration
and Evaluation of the
Questionnaire

The questionnaire for parents included
in the PorTex test battery (Porozumeéni
textu/Reading Comprehension, Kuchar-
sk4 et al., 2021) was constructed on the
basis of analyses of the above-menti-
oned research on the family reading
environment, the experience from the
empirical study conducted by the Czech
Science Foundation (GACR), No0.13-20678
S: Reading Comprehension - Typical
Development and its Risks (2013-2015),
and last but not least, by screening tools
used abroad, such as the Home Literacy
Environment Checklist (Burgess, Hecht,
& Lonigan, 2002). The questionnaire
comes in two versions, the first one is
designed for first graders (version A), as
we assumed that in the first year of pri-
mary school, family activities are focused
on the development of early reading and
differ from higher grades. The second is
designed for parents of pupils in Gra-
des 2-5 (version B). Both versions of the
questionnaire contain 20 items divided
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into two parts that target the conditions
for reading and reading practices in the
family (see above). In the preliminary
version, the questionnaire also inclu-
ded items on demographic data (edu-
cation, parents’ occupation) but since
these questions are normally included
in anamnestic questionnaires used in
school counselling centres and school
counselling offices, we did not consider
it necessary to include them in the qu-
estionnaire.

The questionnaire is designed so
that parents can fill it in independently
before or during the child’s examination,
and it can be sent electronically. It is of
course possible for more than one family
member to complete the questionnaire
(e.g. alternating custody). After receiving
brief information, parents follow the
instructions on the answer sheet: “DEAR
PARENTS, WE WOULD LIKE YOU TO COM-
PLETE A QUESTIONNAIRE FOCUSING ON
THE ROLE READING PLAYS IN YOUR FAMI-
LY. PLEASE SELECT ONLY ONE ANSWER
PER QUESTION, THANK YOU!”

Scores are recorded on an answer
sheet where the total score determines
the degree of potential or risk of the
family environment for further develop-
ment of the pupil’s reading abilities and
skills. In the case of a high-risk family
environment, we consider whether the
teacher’s approach can compensate to
some extent for areas of concern, con-
sidering recommendations for both the
school and the family.

39



COMPARISON OF SCREENING QUESTIONNAIRE RESULTS

Teacher Questionnaire -
Screening Method

In the Czech Republic as well as abroad,
researchers emphasise the significant
role of teaching quality, the teacher’s
didactic practices and their ability to
reflect the needs of individual pupils,
particularly at the outset of the educa-
tional journey. Currently, the choice of
teaching methods or didactic material
is the responsibility of each teacher (or
potentially subject committees or school
management). However, while there are
many positives to this practice (possi-
bility of an individualised approach,
freedom and flexibility in the choice of
textbooks, worksheets), this also some-
times places too many demands on the
teacher, who may lack methodological
or material support in everyday situati-
ons at school. Although there is a visib-
le effort of state and non-state institu-
tions to provide such support (see, for
example, the Methodological Portal rvp.
cz; the National Pedagogical Institute;
the National Pedagogical Museum and
Library of ]. A. Komensky or CT Edu), as
pointed out by Wildova and Vykouka-
lova (2013) or Klapwijk (2012), it is not
systematically addressed and depends
on the activity and personality of the
teacher. It may seem that a teacher qu-
estionnaire is superfluous given that it is
common practice in the Czech guidance
system for schools to provide a school
questionnaire as a basis for diagnosing
reading or specific learning disabilities.
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However, if we analyse standard school
questionnaires, we find that they mainly
focus on describing the difficulties of the
pupil. This is perfectly fine but it does not
cover cases where the pupil’s reading
difficulties are related to the fact that
the method of teaching reading is not
suitable for the pupil or the approaches
and strategies chosen by the teacher do
not correspond to the pupil’s needs.
International studies analysing
reading development and reading com-
prehension support have attempted to
show specific reading strategies that
can be used in a school or family set-
ting to facilitate reading development
(Block & Duffy, 2008; Connor et al., 2005).
Guthrie and colleagues also point out that
certain strategies can increase pupils’
engagement with reading, motivation
to understand texts and activate them in
the learning process (Guthrie et al., 2006;
Guthrie, Wigfield & You in Christenson et
al. 2012). Tonnessen and Uppstad (2015)
then show that the emphasis on specific
methods of early reading instruction and
their application in schools is probably
greatest in the United States. In Scandi-
navia (where the authors come from),
as in the Czech Republic, early reading
instruction is typically categorised into
two basic methods: the analytic-syn-
thetic method (phonics) and the global
reading method (referred to in our con-
text as the genetic method). While these
approaches entail their own didactic pro-
cedures, teachers have the autonomy to



choose specific instructional approaches
within these frameworks. In their view,
it is often not the method of teaching
reading that is decisive but rather what
exactly the teacher does with the chil-
dren, as the methods are interpreted and
practiced differently. Thus, in their view,
it is the specific techniques and strate-
gies that are decisive. They even believe
that methods and practices in reading
instruction should be chosen according
to the needs of the pupil (especially for
pupils showing difficulties in reading
development).

It follows from the above that the
teacher’s approach, their ways of wor-
king and their solutions to a pupil’s lear-
ning problems can be an environmental
factor influencing the development of
reading, reading comprehension and
the pupil’s attitude towards reading.
Therefore, when creating the PorTex
diagnostic battery (Porozuméni textu/
Reading Comprehension, Kucharska et
al., 2021), we found it necessary to inclu-
de a questionnaire for teachers reflecting
their approach and specific strategies
used in teaching reading and developing
reading comprehension. We drew on the
findings of the Czech Science Founda-
tion research, No. 13-20678S: Reading
Comprehension - Typical Development
and its Risks (2013-2015), where we
asked teachers what specific strate-
gies, methods and techniques they use
most often when teaching and advan-
cing reading and reading comprehensi-
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on (Kucharska, 2015). We then selected
the most frequent strategies and com-
pared them with empirical findings
targeting strategies and methods that
enhance the development of reading and
reading comprehension (e.g., Reynolds
& Symons, 2001). This then resulted
in a 20-item questionnaire where tea-
chers expressed their attitudes towards
statements regarding approaches and
methods in reading instruction based on
a 4-point Likert scale (Porozuméni textu/
Reading Comprehension, Kucharska et
al.,, 2021). All the items were subjected
to statistical analysis, the interrelation-
ship of the items was reflected and the
scoring method of each item was revised
according to the results.

Description, Administration
and Evaluation of the
Questionnaire

The aim was to design the questionnai-
re in such a way that teachers could fill
it in independently before or after the
child’s examination, according to the
needs of the specialist, and it can also
be sent electronically. The administra-
tion is therefore simple; after reading
the introductory information the respon-
dent ticks their answer based on the
instruction: “PLEASE CHOOSE TO WHAT
EXTENT DOES EACH OF THE FOLLOWING
STATEMENTS REFLECT THE REALITY OF
YOUR TEACHING PRACTICE, TO WHAT
EXTENT DO YOU AGREE WITH THEM.
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PLEASE TRY TO CHOOSE ONE ANSWER
AT A TIME AND ANSWER ALL QUES-
TIONS, EVEN IF YOU FEEL THAT ONE
FOLLOWS FROM ANOTHER (INDICATE
WITH A CROSS IN THE TABLE). THANK
YOU!” The administrator evaluates the
questionnaire on the basis of the record
sheet template, the total score is obtai-
ned by adding up the points obtained
in each item. Based on the total score,
we can determine whether the teacher’s
approach is more or less supportive of
reading development (Kucharska et al.,
2021). Another option available to the
diagnostician is a qualitative evaluation
of the questionnaire. For this reason,
the statements have been arranged
into groups where we can observe
the following aspects:

e Approaches that support reading acti-
vities at school and at home (items 3,
4,6,7,8,9,10)

e Approaches to developing reading
comprehension (items 11, 12, 14, 15,
16)

e Teacher's approaches if reading diff-
iculties are present in the pupil (items
18,19,20)

e Approaches that do not support
reading development and do not
address reading difficulties (items 5,
13,17)

For pupils in the early stages of
reading development (Grades 1-3), we
also include the method of reading
instruction in the analysis to ensure
that the pupil’s difficulties are not the
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result of an inappropriate method (which
can be very individual). After the evalua-
tion, we also look at the results of the
questionnaire filled in by the parents,
and consider whether we can use any
of the environmental influences (school,
family) in the intervention in the case
of the pupil, which we reflect again in
the conclusions of the examination and
recommendations.

Research Sample

Parent Questionnaire

In the standardisation research, parent
questionnaires were distributed to the
families of all pupils included in the
research. Parents received the questi-
onnaire from the researcher with an
envelope to be used to return the com-
pleted questionnaire. Table 1 shows
the number of parent questionnaires
analysed. Thus, overall, questionnaires
were obtained from approximately 83%
of parent respondents, with the highest
return rate in 3rd Grade and the lowest
in the 2nd Grade.

Teacher Questionnaire

In the standardisation research, 127
teachers in the participating primary
schools completed the Teacher Questi-
onnaire (see below for detailed characte-
ristics of the sample). Although this does
not seem like a large number, it should
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Table 1. The numbers of parent questionnaires whose results were reflected in the
development of the questionnaire evaluation documents. Their proportion of the
total number of pupils surveyed in a given year is in brackets

Grade T1 T3 TOTAL*
1st Grade 153 39 192 (78 %)
2nd Grade 156 156 (73 %)
3rd Grade 198 198 (89 %)
4th Grade 173 173 (88 %)
5th Grade 134 134 (86 %)
TOTAL 853 (83 %)

*  The Parent Questionnaire was administered only in the first stage and in the third stage when the

sample of 1st Grade pupils was completed

Table 2. Sample distribution by education

Highest education attained

Other

Secondary Vocational School
Higher Vocational School
University - Bachelor's degree
University - Mgr. and higher

no data

108

Total

127

be noted that a total of 46 schools were
involved in the standardisation study.
Only 4 schools did not return the tea-
cher questionnaires. The total number
therefore reflects the fact that the cor-
responding teacher taught in several of
the participating classes, for example.
There were also some schools where

questionnaires were returned by tea-
chers who were not currently teaching
the children involved in the study. Their
questionnaires were used for descriptive
statistical analyses, and only the questi-
onnaires of the participating pupils were
used for correlational analyses, which
were consistently paired with specific
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Table 3. Sample description by length of experience

Length of experience

< 2 years
2-5 years
5-10 years
>10 years

no data

20
22
80

Total

127

Table 4. Reliability Parent Questionnaire - Overall Score

Grade

T1 Cronbach'‘s Alpha (Total score)

1

[S BNV N

0.534
0.755
0.713
0.724
0.800

respondents (Kucharska et al., 2021). The
research sample included a total of 108
females, 3 males, 16 respondents did not
indicate a gender.

Results of the
Questionnaires in the
Standardisation Study

As part of the standardisation study, the
results of the two questionnaires were
subjected to statistical analyses, item
analysis was performed and the items
were either revised or the item sco-
res (reverse Likert scale scores) were
adjusted to ensure correct item place-
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ment. Reliability of both questionnaires
reached a satisfactory level. For the Tea-
cher Questionnaire, reliability was deter-
mined based on a total score of 0.946
(Cronbach’s alpha), and for the Parent
Questionnaire, reliability of the test for
each grade ranged from 0.534 to 0.800
(see Table 4).

Descriptive analyses of the Parent Qu-
estionnaire showed that there were no
significant differences between grades
(see Table 5), so we decided to proceed
with further analyses in aggregate. We
were intrigued by the fact that all grade
groups (except Grade 5) contained ques-
tionnaires with a score of O in the first
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Table 5. Descriptive statistics of the Parent Questionnaire (total score, score of
Part A - reading environment in the family, score of Part B - family reading-related

activities)
Total score S1-Part A S2 - Part B
Average 28.50 7.73 20.77
SD 4187 1.575 3.378
1st Grade
Minimum 15 0 10
Maximum 37 10 27
Average 27.96 7.63 20.33
SD 5.531 1.570 4.695
2nd Grade
Minimum 7 0 4
Maximum 39 10 30
Average 28.39 7.89 20.51
SD 5.065 1.560 4.311
3rd Grade
Minimum 15 0 9
Maximum 38 10 29
Average 28.34 7.83 20.51
SD 5.556 1.541 4.512
4th Grade
Minimum 6 0 0
Maximum 39 10 30
Average 27.18 7.66 19.52
SD 6.108 5.045 1.650
5th Grade
Minimum 6 3 3
Maximum 39 10 30

section, which focused on the family’s
reading environment, and this occurred
more than once in each of the grade
groups. Based on the results of the stan-
dardisation study, critical values were
established to determine the risk in

reading development on the part of the
family. The maximum score on the Parent
Questionnaire was 40, and the critical
value was 24.

In Table 6, we present descriptive sta-
tistics of the results of the Teacher Qu-
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Table 6. Descriptive statistics of the Teacher Questionnaire with regard to teaching

methods
N Average of total score Standard deviation
Phonics method 32 41.06 12.313
Genetic method 85 36.58 14.960

estionnaire, where we reflect the results
according to the two most represented
teaching methods. Teachers applying the
genetic method appear to have scored
higher on average on the questionnaire
but this is not a statistically significant
difference and, moreover, as can be seen
from the value of the standard deviati-
ons for the two methods, the teachers’
results were very heterogeneous. Based
on the evaluation, the critical threshold
for judging a teacher’s approach to be
unsatisfactory for a pupil was set at 30
points, while the maximum score that
teachers could reach was 60 points.
It should be noted that the fact that
a teacher’s approach may increase the
risk of difficulties in developing reading
and reading comprehension does not
mean that it cannot be satisfactory for
other pupils. We recommend looking at
the qualitative analysis to see in which
area the teacher scored lowest to deter-
mine how this corresponds to the pupil’'s
difficulties.
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Comparison of Question-
naire Results with Pupils’
Results in Reading and
Language Competency
Tests

In analysing the results of the questi-
onnaires, we focused on observing the
relationship between the questionnai-
res and the individual battery tests. We
were particularly interested in whether
its results were related to the reading
and comprehension tests that form the
basis of the battery.

Statistical analyses showed that in
1st Grade, it was not possible to detect
arelationship between the Parent Ques-
tionnaire and some reading comprehen-
sion tests. No statistically significant
relationship was found for the listening
comprehension tests and no associati-
on was found for the reading aloud and
silent reading tests because one of the
variables was held constant. Then, from
the 2nd Grade onwards, a statistically
significant relationship was confirmed
using Pearson’s correlation coefficient
between the total questionnaire score
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Table 7. Relationship between the Parent/Teacher Questionnaire (total score) and
comprehension tests (listening, reading aloud, silent reading (r)

Total score
Teacher Questionnaire

Total score
Parent Questionnaire

Reading comprehension

The Forest Elves 0.012 0.056
The Fidgety Little Star 0.166** 0.060
How to Mushroom 0.157** -0.096*
Comprehension when reading aloud

Preparing for the Journey - 0.037
Feeding Rabbits 0.143** 0.002
Ice-skating 0.157** -0.106**
Comprehension when silent reading

The Snowman - 0.167
Big Friends 0.263* -0.020
A Trip to Kofenov 0.190** -0.072
Decoding

Reading pseudowords -0.052 0.219**
Reading words -0.053 0.308**

Statistically significant values at level: * p < 0.05; ** p < 0.01

and all the reading comprehension tests
except for the Word Reading and Nonword
Reading Tests (see Table 5). As can be
seen from the table, the situation was
more or less reversed for the Teacher Qu-
estionnaire. There was a correlation de-
tected between the Teacher Questionnai-
re and the decoding tests (word reading
and nonword reading); contrary to the
Parent Questionnaire, no significant rela-
tionship was found between the Teacher

Questionnaire and the comprehension
tests and for some tests, such as How to
Mushroom, Ice-skating, there was even
a negative correlation detected. Never-
theless, it can be concluded that for
both questionnaires a correlation was
found between their results and selected
reading comprehension tests, although
for the Teacher Questionnaire, the rela-
tionship was found to be stronger with
the decoding tests while for the Parent
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Table 8. Relationship between Parent/Teacher Questionnaire (total score) and

language competency tests (r)

Parent Questionnaire

Total score
Teacher Questionnaire

Total score

Repearting Nonwords
Language Awareness

Phonemic Awareness

0.111** 0.070**
0.137** 0.235%*
0.060 0.272**

Statistically significant values at level: ** p < 0.01

Questionnaire, it was with the reading
comprehension tests. We can therefore
conclude that the family environment,
the richness of stimuli in it, develops in
children abilities important for reading
comprehension, which is also supported
by other studies (e.g. Sénéchal and
LeFevre, 2002; 2014).

We also looked at the relationship
between the questionnaires and the
language competency tests. Here it is
evident that the significance of the cor-
relations is greater. As we can see with
the Parent Questionnaire, we did not find
a statistically significant relationship
with phonemic awareness but in the
tests of nonword repetition and langua-
ge awareness the correlation is clear.
The language competency tests showed
a stronger correlation with the Teacher
Questionnaire, with both the Phonemic
Awareness and nonword Repetition tests
showing statistically significant values.
An even stronger correlation is then
observed with the Language Awareness
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Test in all its parts. Thus, the teacher’s
approach is related to the development
of the pupil’s morpho-syntactic skills,
which also affect their reading com-
prehension, although a direct relation-
ship between the results of the question-
naires and comprehension has not been
demonstrated.

There was no statistically significant
correlation between the Parent Questi-
onnaire and the Teacher Questionnaire (-
0.034), as suggested by the above results
of the relationships with the individual
reading and language competency tests.
We believe that this can be explained,
for example, by the fact that parent and
teacher attitudes may differ significantly,
meaning there may be two independent
settings present if there is no regular
communication between teacher and
parents and if the teacher does not guide
the parents on how to proceed in deve-
loping their child’s reading. During the
standardisation study, there was also an
interesting finding that more than 50%



of parents were unable to aptly identify
the method of reading instruction being
applied with their child. This supports
our conclusion of relatively independent
environments that, while both influen-
ce the child, are often not sufficiently
connected.

Discussion

The subject of the research study con-
cerns screening questionnaires focusing
on environmental factors affecting
reading development and reading com-
prehension in the 1st Grade of primary
school. Our aim was to show how the
results of the Parent Questionnaire and
Teacher Questionnaire related to pupils’
performance on tests of reading, reading
comprehension and language competen-
ce and how this can be used to set up
intervention procedures and recommen-
dations for the school targeting the com-
pensation of pupils’ problems.

We are drawing on the results of stud-
ies showing that family socio-economic
status is indeed one factor to be taken
into account (Chiu and McBride-Chang,
2010 or Korat et al., 2013) since children
from low socio-economic status families
perform lower in reading on benchmark
tests (see PISA, 2000, 2003 and 2006).
On the other hand, we have recently en-
countered more and more studies em-
phasising the necessity of identifying the
child’s needs and guiding the family in
the development of reading and reading
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comprehension. Empirical studies have
highlighted approaches and strategies
that parents can adopt to effectively
support their child in developing read-
ing. Sénéchal and LeFevre (2002) stress
the importance of the family environ-
ment from preschool to approximately
Grade 3 in primary school. Baker (2014)
points out that the frequency and type
of reading activities are important and
have a significant impact on a child’s
performance. This is supported by
Saint-Laurent and Giasson (2005) who
additionally report that when parents
are purposefully guided and adhere to
a reading development intervention pro-
gram, children’s performance is signifi-
cantly better than that of children in the
experimental group where the program
was not included.

For the time being, our standardisa-
tion study has been interested in distin-
guishing between a supportive reading
environment and family reading activi-
ties so that we are able to determine
whether the family is more of a protective
factor or risk factor. We then correlated
the questionnaire results reflecting the
family reading environment with pupils’
performance on reading and language
competency tests, and found that this en-
vironment showed a significant relation-
ship with the reading comprehension
tests and the Language Awareness Test
in particular. It therefore seems that fam-
ily activities such as reading together,
talking and asking questions about the
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text read seem to promote the develop-
ment of reading comprehension. Our re-
sults therefore support the findings that
there is a relationship between a child’s
reading level and their family environ-
ment, although a statistically significant
relationship was not detected with the
decoding tests. Thus, the findings of the
Parent Questionnaire can be used for an
overall assessment of the pupil’s situa-
tion and for the development of support
measures for the school and, in case of
severe problems, a family support plan.

For the Teacher Questionnaire, it is
important to note that we can see a sig-
nificant relationship with the decoding
and language competency tests. If we go
by what Spac¢kova (2016) summarises,
this conclusion supports the so-called
“phonological pathway of decoding”. In
the Language Awareness Test, we can fur-
ther observe the impact of the teacher’s
approach on the development of morpho-
syntactic skills, which also affect read-
ing comprehension long term, although
a direct relationship between the ques-
tionnaire results and comprehension
has not been demonstrated. Our study’s
contribution also lies in the fact that it fo-
cuses on specific approaches and strate-
gies employed by the teacher in teaching
reading, which is not often reflected in
our setting where only the method used
by the teacher is usually considered.
Our results, on the other hand, support
the findings of Tonnessen and Uppstad
(2015), who show that the method per
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se is not that important (moreover, not
every method suits every pupil); it is the
specific activities and strategies repre-
sented in the teacher’s approach that
they consider more important.

The results of the study show that
the findings of environmental screen-
ing questionnaires are related to pupil
performance on tests of reading and
language competency. While it cannot
be concluded that the results are unam-
biguous and statistically significant for
all tests, they support our hypothesis
that they are complementary to compre-
hensive diagnostic tests and should be
interpreted together. If we include them
in a reading comprehension diagnostic
assessment, it may help us not only to
explain a pupil’s difficulties but also to
seek effective procedures to compensate
for those difficulties. Both environments
can function as a protective or risk factor
in the development of a pupil’s reading
skills.

Finally, we would like to mention that
the next step in our research on environ-
mental factors is the focus on interventi-
on. By working with professionals using
our PorTex test battery, we would like
to identify effective compensatory and
intervention strategies in the family and
at school based on the approaches vali-
dated by our questionnaires.
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Predictors for the Development
of Arithmetic Skills in Pupils
of Younger School Age
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Anna Kucharskd

Abstract: This study aims to map the predictors for the development of arithmetic skills in young
school-age pupils. Specifically, the research investigation focused on comparing differences in
performance between pupils with mathematical learning difficulties and a control group of
pupils. The respondents performed tasks focusing on executive functions, spatial abilities, as
well as estimation and symbolisation of quantities.

The performance of pupils with MLD (mathematical learning difficulties) differed from that
of children without identified difficulties, particularly on tests focusing on matching number
symbols and on numeracy skills alone. Significant, albeit smaller, differences between groups
were also evident in non-symbolic quantity comparison and spatial skills (mental rotation). In
terms of accuracy, we did not find statistically significant differences between the groups in
any of the areas studied. The results indicate a close correlation between the speed of quantity
symbolisation and the level of arithmetic skills.

Key words: mathematics, mathematical skills, arithmetic skills, younger school age, dyscalculia,

mathematical learning difficulties

Introduction

The aim of the present study is to iden-
tify the risk factors for difficulties in the
acquisition of numeracy skills among
primary school pupils. We focus main-
ly on those indicators of difficulties in
arithmetic that cannot be explained sole-
ly by the low intelligence of the indivi-

pages.pedf.cuni.cz/gramotnost

dual, inappropriate teaching methods at
school, or inadequate home preparation.
Initially, we intended to deal with a spe-
cific numeracy disorder, i.e. Develop-
mental Dyscalculia (DD). However, due
to inconsistencies in the way it is defined
by different authors, we have decided not
to adhere to this term strictly. Instead,
we have started to use the more general
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term mathematical learning difficulti-
es (MLD). Nevertheless, in selecting the
respondents for our study, we have tried
to at least approximate the common cri-
teria for diagnosing dyscalculia and have
focused only on pupils with intellectual
abilities within the norm. Despite the-
ir preference for the MLD designation,
authors Bartelet, Ansari, Vaessen, and
Blomert (2014) also followed a similar
approach, suggesting that the terms be
treated as synonyms in their study. This
study is also inspired by, among other
things, research on dyscalculia. We con-
sider it likely that some of the respon-
dents with MLD from our study would
meet the criteria for a DD diagnosis with
a more detailed diagnostic procedure.
We chose the MLD designation becau-
se we did not conduct a more detailed
diagnosis for the purposes of this study.

Learning disabilities in mathematics
(or dyscalculia), as reported by some
authors (Butterworth, Varma, & Lauril-
lard, 2011; Hannell, 2013; Kuhn, 2015;
Prazakova & Spackovd, 2018), have gene-
rally received less attention than, for
example, difficulties in language areas
and thus remain neglected in terms of
research and funding. At the same time,
some (Butterworth et al., 2011; Kuhn,
2015) point out that improving the level
of an individual's mathematical skills
would help to improve not only their
quality of life but also their country’s
GDP. Thus, our aim is to look for ways
to identify potential risks of numeracy

56

skills acquisition problems as early as
possible and to address them in a timely
manner.

We believe that identifying the cau-
ses of difficulties in mathematics in indi-
vidual children will help us recognise
whether they are due to a lack of apti-
tude on the part of the pupil, or to other
causes, such as inadequate teaching
methods. In particular, the results of
studies (Locuniak & Jordan, 2008; Stock,
Desoete, & Roeyers, 2009; Presentacion,
Siegenthaler, Pinto, Mercader, & Miran-
da, 2015) conducted with preschool
children before the respondents encoun-
tered formal mathematics instruction,
or at the beginning of the first year of
primary school (Passolunghi, Vercelloni,
& Schadee, 2007), and which were later
compared with their mathematics skill
levels, suggest to us that the relation-
ship between some skills and subsequent
mathematics achievement may be large-
ly causal and therefore not likely to be
a simple association. Nevertheless, even
in studies focusing on primary school
pupils, the authors sought to compare
the mathematical skills of respondents
with their performance on tasks in which
performance was to be least affected by
school instruction. In these tasks, chil-
dren were asked, for example, to compa-
re groups of objects (e.g. dots) based on
their number (numerosity) or two num-
bers based on their numerical value. It
is assumed that even children with
specific numeracy impairments can
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manage most of these tasks correctly,
but they need more time to complete
them compared to children without
difficulties in mathematics (e.g., But-
terworth, 2003; Landerl, Bevan, & But-
terworth, 2004; Landerl, Fussenegger,
Moll, & Willburger, 2009; Szucs, Devine,
Nobes, Gabriel, & Soltesz, 2013; Prazako-
vé4, 2017; Samajova & Cigler, 2020). Other
domains receiving attention in this con-
text include working memory (Landerl et
al., 2004, 2009; Passolunghi et al., 2007;
Presentacion et al., 2015), spatial abili-
ty (Locuniak & Jordan, 2008; Vagnero-
va & Klégrova, 2008; Stock et al, 2009;
McCaskey, von Aster, O'Gorman Tuura,
& Kucian, 2017) inhibition (Presentacion
et al., 2015; Wang, Tasi, & Yang, 2012)
and logic (Stock et al., 2009; Presentaci-
on et al., 2015; Morsanyi, Devine, Nobes,
& Szlics, 2013).

In some studies (Landerl et al., 2004,
2009; Bartelet et al., 2014; Szucs, Devine,
Nobes, Gabriel, & Soltesz, 2013; Prazako-
va, 2017; éamajové & Cigler, 2020), com-
puter-administered tools were used to
help pupils perform the tasks. Their
advantage lies in the possibility of mea-
suring the reaction time for each item
separately, in addition to the number of
errors, with greater accuracy than if the
administrator measured the time manu-
ally using a stopwatch. They also allow
for group assignments and immediate
evaluation of results.

In the following paragraphs, the
research investigation into possible

indicators of difficulties in mathematics
will be presented in more detail. Our aim
was to investigate the above-mentioned
indicators of difficulties in mathema-
tics in the Czech school environment.
Furthermore, we decided to use tablet-
administered methods for this purpo-
se. In contrast to methods using com-
puter administration, our respondents
can choose an answer directly on the
touch screen and do not have to divi-
de their attention between the monitor
and another part of the device (keybo-
ard or mouse). Moreover, in contrast to
research (e.g., Landerl et al., 2004, 2009;
Bartelet et al., 2014; Szucs et al., 2013;
Prazakova, 2017; Samajova & Cigler,
2020) in which respondents had to cho-
ose an answer from two options when
non-symbolically comparing quantities
or when comparing numerical symbols,
we designed some tasks so that they had
to choose from three options. Our hypo-
thesis was that this would increase the
difficulty of the tasks and thus increase
the differences in performance between
children with and without mathematical
difficulties. In the future, we want to
contribute to expanding the possi-
bilities of diagnosing difficulties in
mathematics. Finally, potential further
research is discussed.
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Mathematical
Abilities and Skills

The term ability can generally be under-
stood as the potential or aptitude for
a particular activity, be it sport, playing
amusical instrument, etc. (Ri¢an, 2010).

At the same time, however, it is also used

to refer to the level of knowledge and

skills that we have already attained and
that enable us to perform various activi-

ties (Atkinson, 2003; Ri¢an, 2010).
Experts and researchers (cf. Landerl,

Bevana, & Butterworth, 2004; Vagnero-

va & Klégrova, 2008; Zelinkova, 2009;

Jordan, 2010; Hannell, 2013; Bednatova

& Smardova, 2015) agree that multiple

sub-skills are involved in solving mathe-

matical problems and that there is no
single holistic mathematical ability or
skill. At the same time, we can encounter
multiple ways to categorise these abiliti-
es. In the Czech Republic, the following
categorisation is often used (Vagnerova

& Klégrova, 2008), which also corre-

sponds to the concept in the Diagnostic

and Statistical Manual of Mental Disor-
ders (5th ed.; DSM-5; American Psychi-

atric Association, 2013):

e understanding the nature of num-
bers - understanding the symbolism
of numbers, the meaning of number
order and inclusion (the fact that
a larger number includes a smaller
one),

e memory for numbers and other nume-
ric characters,
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o numeracy skills - the ability to handle
numbers and apply general rules to
the relationships between them,

e mathematical reasoning - specific abs-
tract thinking that no longer depends
only on concrete numbers, including
the manipulation of more general con-
cepts such as algebraic signs.

By suggesting that a number of diff-
erent predictors are involved in mathe-
matical skills, Jordan (2010) suggests
a possible explanation for why some
individuals may perform relatively
well in certain areas of mathema-
tics while performing less well in
others.

In addition to cognitive predictors,
a number of other factors influence the
mathematical results we achieve. These
include motivation (Presentacion et al.,
2015; Mercader, Miranda, Presentaci-
on, Siegenthaler, & Rosel et al., 2018),
the socio-emotional development of
the individual (Novak, 2004; von Aster
& Shalev, 2007) and the influence of the
family environment, among others, but
these can be difficult to control (Locuni-
ak & Jordan, 2008; Presentacion et al.,
2015). In this article, we focus primarily
on cognitive predictors for the develop-
ment of numeracy skills.

Predictors
for the Development
of Mathematical Skills

Some studies have sought to identify pre-
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dictors for the development of numeracy
skills that cannot be fully explained by
inappropriate teaching styles at school
or inadequate home preparation.

An important study in this respect
is the investigation conducted by Lan-
derl et al. (2004), in which the authors
looked for possible causes of difficulties
in mathematics in pupils with dyscalcu-
lia, dyslexia and a combination of both
learning disabilities. They examined
skills such as executive function, visu-
omotor coordination, reading and wri-
ting numbers, and estimating quantities.
For some tasks, a voice recording was
made to determine the exact reaction
time - the time it took pupils to complete
the task. The authors concluded that the
main cause of dyscalculia is impaired
understanding of basic number con-
cepts, especially the idea of numerosity.
This was particularly evident in the set
of tasks where pupils were presented
with a group of dots and were asked to
quickly determine their number, but also
when comparing numbers according to
their numerical value. That study contri-
buted to the development of a standar-
dised method, the Dyscalculia Screener
(Butterworth, 2003), aimed at screening
for dyscalculia (see below).

Not all experts, however, agree with
this notion of dyscalculia. For example,
Osmon et al. (2006) concluded, on the

basis of cluster analysis, that dyscalculia
can be classified according to the causes
of the difficulties as deficits in executi-
ve functions, in spatial abilities, or dual
(mixed) deficits in spatial and executi-
ve functions. Bartelet et al. (2014) also
performed a factor analysis in children
with MLD, which yielded several groups
of different sizes, divided according to
impairments in different domains. These
included a subtype of MLD with the so-
called weak mental number line subtype,
which was manifested in the placement
of digits on a number axis, a group with
impairment in the approximate number
system (weak ANS subtype), which was
manifested, for example, in the area of
numerosity, a spatial difficulties subty-
pe, which also showed impairment in
the approximate number system (ANS)',
the access deficit subtype, with difficul-
ties in, for example, comparing numbers
according to numerical value, and finally,
the no numerical cognitive deficit sub-
type, which showed no impairment in
the areas studied and, on the contrary,
children from this group showed good
results in verbal working memory, as did
the garden-variety subtype, which show-
ed only relatively lower nonverbal IQ.
Research on early predictors of
subsequent numeracy skills has also
yielded important findings. For exam-
ple, Stock et al. (2009) found seriation

1 ANS provides a fuzzy representation of numerosities. It resides in the intraparietal sulcus- IPS
(Szucs et al., 2013; Plassov4, Stuchlikové, & Vavrecka, M, 2017).
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ability (see below) to be the strongest
ever predictor in the preschool period,
thereby highlighting another important
area - that of logic.

It is evident that the researchers focu-
sed on a range of abilities that could be
considered predictors for the develop-
ment of numeracy skills. The following
paragraphs provide a closer look at
those areas that were most frequently
encountered in our study of the available
research. We have already addressed risk
factors in the development of numeracy
skills in preschool children in a review
study (Prazakova & Kucharska, 2019).
Here, we focus more on those predictors
in the context of school years. Although
the following predictors are divided into
categories, these categories may over-
lap (e.g. spatial and memory abilities
tend to be considered components of
intelligence).

General Intelligence

Intelligence or intellectual ability can be
defined as “the ability to learn from experi-
ence, to reason in abstract terms, and to
deal purposefully with one’s environment”
(Atkinson, 2003, p. 692). According to
some authors (Vagnerova & Klégrova,
2008; Zelinkova, 2009), mathematical
ability can also be understood as one of
the components of the structure of intel-

ligence. At the same time, however, the
level of reasoning ability does not clearly
predict how an individual will master
mathematics (Zelinkova, 2009). As for
the predictive value of intelligence in
relation to school performance, accord-
ing to Vagnerova (2005), the correlation
coefficient is between 0.5 and 0.7, so it
is a relatively high value.

Each of the subcomponents of intel-
ligence may have a different effect on the
development of mathematical skills. For
example, great importance is attributed
to memory skills (Locuniak & Jordan,
2008; Vagnerova & Klégrova, 2008) and
spatial skills (Vagnerova & Klégrova,
2008; Landerl et al., 2009). In contrast,
the level of vocabulary or even the ability
to solve Matrix-type? problems in rela-
tion to numeracy skills appears to be less
important (Landerl et al., 2004; Locuniak
& Jordan, 2008).

Numerosity

According to a number of authors (But-
terworth, 2003; von Aster & Shalev, 2007,
Tuculano, Tang, Hall, & Butterworth,
2008; Babite & Emerson, 2018), humans
have an innate implicit understanding of
quantity. This allows us, for example, to
compare two groups of objects according
to their quantity. The same ability has
been observed in human infants and even

2 Among other skills, these tasks test nonverbal fluid intelligence and the ability to understand the
relationships between the parts and the whole of a pattern (Maccow, 2011).

60



KATERINA SKALOVA PRAZAKOVA, KLARA $PACKOVA, ANNA KUCHARSKA

in some species of animals (Butterworth,
2003; Furman & Rubinsten, 2012). We can
also encounter the term number sense,
which includes the ability to understand
and work with quantity (Babite & Emer-
son, 2018) or the ability to represent
numerical magnitude nonverbally on
a number axis (Aster & Shalev, 2007).

Numerosity has been investigated in
relation to numeracy skills in a number
of studies, but the results do not appear
to be entirely consistent. This link seems
to be increasingly less conclusive compa-
red to the ability to symbolise quantity
using numbers (Furman & Rubinsten,
2012), which is the focus of the next
section of this chapter. This is confirmed
by the results of a pilot study conducted
in the Czech Republic (Prazakova, 2017;
Prazakova & Spackova, 2018). Another
study conducted in the Czech Republic
(Samajova, 2018; Samajova & Cigler,
2020) also failed to reliably demonstra-
te a significant association of this ability
with numeracy impairment. In another
study (Stock et al., 2009) conducted with
preschool children, non-symbolic quan-
tity comparison was found to be a relati-
vely significant predictor of subsequent
difficulties in mathematics but was not
among the strongest predictors.

Symbolic Number Processing

Research results show that both accura-
cy and fluency in working with number
symbols play a very important role in

numeracy skills. In tasks aimed at mat-
ching numbers according to their nume-
rical value, as well as in tasks aimed at
matching a numerical symbol to a group
of the corresponding number of objects
(e.g., dots), respondents with specific
learning disabilities in mathematics
repeatedly perform worse than respon-
dents from control groups (Landerl et al.,
2004, 2009; Szucs et al., 2013; Prazakova,
2017; Prazakova & Spatkova, 2018).

Logic

In Czech (Novak, 2004; Traspe & Skal-
kova, 2013) and international (Stock et
al., 2009; Presentacion et al., 2015) lite-
rature, one can find the classification of
intellectual development stages accor-
ding to Piaget’s theory, which serve as
fundamental predictors for the acquisiti-
on of primary mathematical skills. In this
context, the following abilities - which
are also referred to as logical abilities
by some authors (Stock et al., 2009; Pre-
sentacion et al., 2015) - are often men-
tioned:

e C(Classification - sorting elements
according to a certain criterion or
similarity. Children first learn to sort
by physical properties, then by pur-
pose and finally by quantity (Novak,
2004). Some authors (Stock et al.,
2009; Presentacion et al., 2015) also
introduce the concept of inclusion,
which they refer to as the highest
form of classification and by which
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they mean the understanding that

a number can contain other num-

bers.

e Seriation - perception of differences
between elements and the ability to
sort them according to size, number,
etc. Stock et al. (2009) found this abi-
lity in preschool children to be the
strongest predictor of later arithme-
tic skills (relative to already acquired
numeracy, quantity comparison and
other logical skills).

e Conservation - understanding the
principle of preserving the quantity
of elements even when changing their
spatial arrangement (understanding
that nothing is added or lost during
this change).

Further insights into logic in relation
to mathematics are provided by Mor-
sanyi, Devine, Nobes and Sztcs (2013),
who examined it in school-age children
using syllogisms?®. Compared to the con-
trol group, children with dyscalculia
performed poorly on those tasks where
implausible premises appeared. The au-
thors thus concluded that children with
dyscalculia have weaker reasoning skills.
Yet they themselves discuss whether it
may have been more of a failure of inhibi-
tion skills. The latter is usually classed
with executive functions.

Executive Functions

Executive functions are used to control,
manage and regulate cognitive pro-
cesses. They are particularly important
in new or more demanding situations
requiring rapid and flexible adaptati-
on, but also, for example, where it is
necessary to resist distractions (Vagne-
rova 2012). Of the executive functions,
working memory and inhibition in
particular were investigated in relation
to mathematical abilities and skills. They
are discussed in more detail below.

Inhibition

Vagnerova (2012) describes inhibition as
the ability to control and suppress what
isnot needed in a given situation or that
which is disturbing. Several studies have
confirmed the link between this ability
and mathematics performance. Wang,
Tasi, and Yang (2012) examined different
types of inhibition in school-age children
and found that children with specific diff-
iculties in mathematics failed primarily
in number inhibition, where they were
asked to verbally indicate the number
(quantity) of digits presented that did
not correspond to their numerical value.
They also performed poorly in graph inhi-

3 The children solved problems like ,Insects are smaller than mice. Mice are smaller than rabbits.
Are rabbits smaller than insects?“ In some of the problems presented, plausible statements were
replaced with implausible ones, e.g., ,Mice are bigger than elephants.“ The children were instructed
to imagine that the given premises were correct.
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bition, where they had to label the less
distinctive of two shapes. On the other
hand, dyslexic children performed worse
in the word inhibition, where they had to
name the colour in which different words
were printed and suppress the tendency
to read the word.

Memory

Performance in mathematics can also
be influenced by memory, which facili-
tates recall of mathematical facts (e.g.,
that 2 + 3 = 5), procedures, mnemonic
devices, etc. (Mazzocco, 2007). One of
the most frequently cited types of memo-
ry in relation to mathematical skills is
verbal working memory. For example,
Locuniak and Jordan (2008) administe-
red digit span backward repetition tasks
to preschool children and this skill emer-
ged as a significant predictor of later
numeracy fluency, whereas simple digit
span forward repetition did not show
significant predictive power. Presentaci-
on et al. (2015), who observed executive
functions in preschool children, found
working memory to be the overwhel-
mingly strongest predictor of nume-
racy skills. Similarly, Passolunghi et al.
(2007) also tested children at the begin-
ning and end of their first year of school,
and in addition to numeracy skills, wor-
king memory was also found to be the
strongest predictor of later mathematics
performance. The authors suggest both
of these abilities be a part of a sim-

ple screening for later difficulties in
mathematics.

Visuospatial Ability

Mathematics is also associated with
spatial or visuospatial abilities. Accor-
ding to some authors, they are important
for the mastery of geometry (Locuniak
& Jordan, 2008; Vagnerova & Klégrova,
2008; Stock et al., 2009). Other possible
consequences of deficits in this area are
losing the order of digits, difficulties in
working with the decimal point, defle-
ction of digits from columns, etc. (Stock
et al., 2009).

At the same time, McCaskey et al.
(2017) point out that individuals with
dyscalculia do not have a general
deficit in spatial abilities but in some
subcomponents. According to their stu-
dy, respondents with dyscalculia per-
formed statistically significantly worse,
for example, in the area of so-called men-
tal rotation, where they were asked to
identify a particular shape (e.g. a square)
if it was rotated in a different way from
the template. On the other hand, they
did not differ from the control group in
tasks where they had to compare objects
according to size, which was also shown
in our earlier study (Prazakova, 2017
Prazakova & Spackova, 2018).

Language Abilities

Some authors have also linked mathe-
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matics to language skills (e.g., Locuni-
ak & Jordan, 2008; Mazzocco, 2007). As
Mazzocco notes, words can describe,
for example, quantity (e.g., one, two, or
three), categories of quantities (many,
few), relative quantities (more, less), or
relationships between quantities (twi-
ce as many). Even the memorisation of
mathematical facts (e.g., 2 + 3 ="5) can be
considered a linguistic as well as mathe-
matical matter in this respect.

Didactical Aspects of Success
in Mathematics
Mathematical knowledge and skills can
also be impaired by inappropriate or
insufficient stimulation from the school
or family, e.g. as a result of forms of tea-
ching that do not match the child’s per-
sonality type or cognitive learning styles,
however appropriate his or her intel-
lectual and mathematical predispositi-
ons may otherwise be (Novak, 2004).
Dilemmas about what to pay more
attention to in mathematics educati-
on include drill on the one hand and
comprehension on the other (Resnick
& Ford, 2008; Rendl & Pachova, 2013).
Proponents of the drill approach stress
the need for repetition, i.e., automati-
on of acquired knowledge. It turns out
that this approach is also supported by
many Czech teachers, while according
to its critics, it leads only to mechanical

acquisition of the material (see Rendl &
Pachovad, 2013). Didacticians drawing on
constructivism, for example, oppose the
drill approach. Among the best-known
proponents of didactic constructivism
in the Czech Republic is Hejny (see, e.g.,
Hejny & Kutina, 2015), and his methodo-
logy of teaching mathematics is already
widespread in many Czech schools.

Research by McConnell (in Resnick
& Ford, 2008) has shown that while strict
drilling leads to greater accuracy and
speed in solving examples, a comprehen-
sion-focused approach, in contrast, pro-
motes greater success with less familiar
types of numerical problems. With regard
to the so-called Hejny method specifical-
ly, the results are not entirely clear-cut.
For example, in research by Chytry, Ri¢an
and Zivna (2019), pupils taught using
the classical method performed signifi-
cantly worse in a didactic mathematics
test. However, the limitations of this
study include a relatively small number
of respondents. Conversely, the Czech
School Inspectorate (2017) found a slight
difference between schools in favour of
teaching according to Hejny, although
these results did not reach statistical
significance.

Developmental Dyscalculia
Developmental dyscalculia (DD) is gene-
rally understood to be a specific learning

4 Novék uses the term didactogenic calculastenia for this phenomenon.
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disorder with deficits in calculation (or
arithmetic) skills that is not primarily
caused by low intellectual ability or ina-
dequate education (Butterworth et al.,
2011; Novéak, 2004; Vagnerova, 2008;
Kaufmann & von Aster, 2012). In ICD-11
for Mortality and Morbidity Statistics, it
is defined as follows: ,Developmental lear-
ning disorder with impairment in mathe-
matics is characterised by significant and
persistent difficulties in learning academic
skills related to mathematics or arithme-
tic, such as number sense, memorization of
number facts, accurate calculation, fluent
calculation, and accurate mathematical
reasoning.” It also states that it leads to
a significant reduction in academic or
vocational competences.

An earlier version (ICD-10) described
DD primarily as a deficit manifesting it-
self in arithmetic skills rather than in
more abstract calculation tasks, which
include algebra, geometry and others.
Thus, in the newer version, there has
been some expansion of this definition.
However, neither of these versions expli-
citly uses the term dyscalculia anymore.
Butterworth et al. (2011), who suggest
that dyscalculia manifests itself primari-
ly in arithmetic, state that even individu-
als with severe dyscalculia can excel in
geometry, use statistical files and master
computer programming at a high level.
The authors differ on how to define, limit
and classify it.

In the literature, we can also encoun-
ter the term mathematical learning diff-

iculties (MLD). Although, according to
some authors (Bartelet et al., 2014), it
can be used as a synonym for dyscalculia
in certain contexts, it is often used as
a more general term for difficulties in
mathematics. According to other authors
(Kaufmann & von Aster, 2012), the term
MLD, unlike the term dyscalculia, does
not take intellectual ability into account.
They see the importance of distingui-
shing these terms only for research
purposes; the labels should not affect
the planning of interventions in prac-
tice. According to Karagiannakis et al.
(2014), MLD also encompasses a wide
range of deficits in mathematical skills.
They consider the concept of dyscalculia
too one-dimensional and therefore pro-
pose a multidimensional classification
model that takes into account several
subtypes of MLD according to causes and
possible manifestations. These authors,
on the other hand, consider it important
to distinguish between the different sub-
types and to use them in interventions.

Diagnosing Difficulties
in Mathematics

The assessment of an individual's mathe-
matical abilities and skills is quite com-
plex. As stated by Novék (2004), in addi-
tion to the recognition of mathematical
skills, it includes the collection of ana-
mnestic data, the diagnosis of general
intellectual abilities, personality traits
and possibly medical aspects.
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In the Czech Republic, we still encoun-
ter the so-called discrepancy criterion,
the purpose of which is to determine
whether a specific learning disability or
a more general cognitive deficit is pre-
sent. Vagnerova and Klégrova (2008)
consider a difference of at least 15-20
points, i.e. 1-1.25 standard deviations,
between IQ and performance in didactic
mathematical tests to be diagnostically
necessary. However, inconsistency in the
definition of dyscalculia is also evident in
terms of diagnostic criteria based on the
severity of difficulties in mathematics
assessed by standardised tests, ranging
from performance below the 3rd per-
centile to performance below the 25th
percentile, i.e. 2 to 0.68 standard devi-
ations below the mean (Devine, Soltesz,
Nobes, Goswami & Szucs, 2013). Kauf-
mann and von Aster (2012) and Kuhn
(2015) also note that in the Diagnostic
and Statistical Manual of Mental Disorders
(5th ed.; DSM-5; American Psychiatric
Association, 2013), the requirement for
a discrepancy criterion is also not strictly
stated, given the heterogeneity of these
disorders and comorbidities with others.
Rather, Kaufmann and von Aster recom-
mend examining discrepancies within
individual subtests of multidimensional
intelligence tests.

One of the most common and multi-
dimensional intelligence tests used in
the Czech Republic is the third edition
of the Wechsler Intelligence Scale for
Children - WISC-III (Krej¢itova, Boschek,
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& Dan, 2002). The Wechsler tests reflect,
for example, verbal comprehension, per-
ceptual-spatial abilities, memory, work
rate, etc. Children with learning disabi-
lities in mathematics can be expected to
score lower on some of these subtests
(especially the numeracy skills subtest)
(cf. Landerl et al. 2004, 2009; von Aster
& Shalev, 2007; Locuniak & Jordan, 2008;
Vagnerova & Klégrova, 2008; Presenta-
cién et al. 2015; Peters et al. 2018). This
may reduce the overall score.
Kaufmann and von Aster (2012) divi-
de tests of mathematical abilities and
skills into curricular (performance)
tests, which cover the school curricu-
lum and assessment of mathematical
skills, and neuropsychological orienta-
tion tests, which focus more on the cau-
ses of possible difficulties in this area.
The Dyscalculia Screener (Butterworth,
2003), aimed at screening for dyscalcu-
lia, is probably an example of the second
type of test. The method screens not
only for numeracy skills attained but
also for numerosity and the ability to
symbolise quantities, which Butterwor-
th considers to be key predictors for the
development of arithmetic skills. The
author further assumes here that even
children with dyscalculia can solve
most of the problems correctly and
that they differ from others mainly
in their speed of solution. He also
draws on the finding that pupils with
specific difficulties in mathematics
perform worse than their neurotypi-
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cal peers only on time-limited tasks
and, conversely, do not differ signi-
ficantly from the control group on
tasks without a time limit (e.g. Jordan
& Montani, 1997). Thanks to computer
administration, reaction time is mea-
sured in milliseconds. The method also
includes a control subtest that focuses
on reaction time when working with
non-numerical stimuli.

To our knowledge, there is no standar-
dised diagnostic tool currently available
in the Czech Republic that uses computer
administration and allows such sensitive
measurement of reaction time. One of
the most recent test methods used here
is the Diagnostic of Mathematical Abilities
and Skills (Bednarova et al., 2015). This
battery is used to determine the current
level of the sub-skills needed for mathe-
matics as well as the achieved skills. It
focuses on the area of numbering (e.g.
reading and writing numbers), basic
number operations and the application
of basic number operations (e.g. adding
the characters of operations).

Aim of the Study

The main aim of the research was to
map the possible causes of difficulties in
mathematics among younger pupils (1st
stage) in Czech primary schools. We were
looking for indicators that could not be
explained only by low intelligence, insuff-
icient home preparation or inappropriate
teaching methods at school.

Methods
Respondents

The participants were pupils in the 3rd
year of primary school in the Czech
Republic. The data collection took place
between 2020 and 2022; the data colle-
ction period was extended due to mea-
sures taken in the light of the COVID-19
pandemic. The experimental group
(21 pupils with MLD) and the control
group (35 pupils) were formed from an
original sample of 150 pupils attending
a total of 5 schools in or near Prague.
Of these, 99 children were taught using
the classical method, while the rest were
taught using the constructivist method,
namely the so-called Hejny method (see
e.g. Hejny & Kutina, 2015).

The experimental group consisted
of students with MLD who scored a stan-
dard score of 85-115 on a test of nonver-
bal intellectual abilities, while their sco-
res were at or below the 25th percentile
on at least two subtests testing mathe-
matical abilities and skills. According to
the comparison by Devine et al. (2013),
most studies use more stringent criteria
(lower percentile scores) for inclusion
in the MLD or DD groups. We opted for
this step in order to increase the number
of respondents. The group consisted of
a total of 21 students, 7 boys and 14 girls.
The average age was 109.73 months.

The control group consisted of
pupils who achieved a standard score of
85-115 on a test of nonverbal intellectu-
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al abilities. At the same time, they had
to meet the condition that their results
on the mathematical abilities and skills
test corresponded to at least the 40th
percentile in at least two subtests. In
total, there were 35 pupils, 24 boys and
11 girls. The average age was 108.29
months.

The groups were designed to be sta-
tistically significantly different in terms
of mathematics performance but not in
terms of nonverbal intellectual ability
(see the Standardised Methods secti-
on for more details). Thus, as in some
previous studies (Landerl et al., 2009;
Bartelet et al., 2014; Szucs et al., 2013),
all selected respondents had standard
scores (IQ) on a nonverbal intelligence
test in the average range. The selected
students were then presented with the
experimental tasks.

Comparisons of the research groups
on the standardised tests are shown in
Table 1. For most tasks, the data did not
show a normal distribution, therefore
a Mann Whitney U test was run to deter-
mine whether there were differences in
achievement scores. The table shows
that the groups were not statistically
significantly different in terms of non-
verbal intellectual ability (p = 0.180), and
the effect size did not reach very high
values. On the contrary, the results rea-
ched statistical significance (p < 0.05)
in all the areas of mathematical abili-
ties studied; moreover, the differences
between the groups can be considered
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large. The method of statistical proces-
sing is described in more detail in the
Results section.

There were no statistically significant
differences between the groups in terms
of age. However, the groups could not be
aligned in terms of gender composition.
While the experimental group is domi-
nated by girls, the control group shows
a predominance of boys.

In the course of administering the
standardised methods, it was brought
to our attention by some teachers who
teach mathematics using a constructi-
vist approach that their students were
not used to working under a time limit
as required by the chosen standardised
tools. We therefore decided to check
whether there would be differences in
our sample between students taught in
the classical manner and students taught
in the constructivist manner within the
standardised methods. No significant dif-
ferences were found in most of the areas
monitored by the standardised methods.
Only in the Basic Numerical Operations
test (Bednarova et al., 2015) did the
respondents taught in a constructivist
manner perform worse. Although this
is inconsistent with previous research
(Chytry et al., 2019; Czech School Inspec-
torate, 2017), it may represent a limita-
tion of the research, which is addressed
in the final discussion.
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Table 1. Descriptive statistics and results for the Comparison of the Experimental
and Control Groups in standard tasks

Group N Mean Median SD Statistic P value Effect Size

Cattel c 35 102.6 104 9.08 288 0.180 0.216
MLD 21 99.3 101 9.19

No. missing C 35 86.9 95.3 19.27 105.5 <0.001 0.713
MLD 21 40.2 33.9 32.30

Operations C 35 67.3 66.0 16.52 1.0 <0.001 0.997
MLD 21 16.8 14.0 10.01

Characters 35 74.9 78.5 17.76 4.0 <0.001 0.989
21 14.6 14.2 12.81

Note: MLD - mathematical learning difficulties, C - control, N - sample size, SD - standard deviation, p - p value

Standardised Methods

Standardised methods were used in this
study to select appropriate respondents
for the subsequent part of the research
in which experimental methods were
administered. The purpose of the stan-
dardised tests was thus to identify stu-
dents with and without difficulties in
mathematics.

Mathematical abilities and skills were
assessed using three subtests selected
from the Diagnostic of Mathematical Abi-
lities and Skills test battery (Bednatova et
al., 2015). The subtests were chosen to at
least partially cover all areas of mathe-
matics targeted by the method. Speci-
fically, the subtests were Filling in the
missing numbers (area of numeration),

which contains ascending or descending
number series in which some numbers
are missing and the pupil is asked to fill
them in; Basic number operations, which
contains numerical examples focusing
on addition, subtraction, multiplication
and division, where the child is asked to
write the result; Completion of operations
(application of basic numerical operati-
ons), which contains the same types of
examples as Basic number operations, but
instead of a result, pupils are asked to
complete the sign of the operation, i.e.
plus, minus, times or divide. Pupils get
one point for each correct answer. All
subtests are timed and the raw scores of
each subtest are converted to percentiles.

Nonverbal intellectual abilities were
assessed using the first part of the Cattel
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Fluid Intelligence Test - CFT 20 R (Fajmon,
Honigova, Urbanek, & Sirtéek, 2015). It is
a nonverbal method; all subtests are figu-
ral in nature® and solved in pencil-and-
paper form. All tasks are time-limited.
The test also allows for group adminis-
tration. Gross scores are converted to
1Q scores.

Experimental Methods

In order to map possible cognitive pre-
dictors for the development of numeracy
skills, we decided to use a non-standardi-
sed test battery administered via tablets.
The administration was done in groups
of up to 10 students. At the beginning of
each subtest, pupils were instructed how
to solve the task, while at the same time,
the instructions were displayed to them
via the app. This was followed by three
test items. If a pupil made a mistake, the
app automatically alerted them to the er-
ror and prompted them with the correct
answer. The test items were not scored
or timed. Before the actual subtest was
given, pupils had the opportunity to ask
the administrators questions. After com-
pleting all the subtest items, after the
time limit had expired, or after a pupil
had answered three consecutive items
incorrectly, respondents were instructed

to wait for further instructions from the
administrator.

The test battery was created for the
purposes of this study and was also par-
tially used in a collaborative project (Sti-
ernakova, 2022).

In composing the test items, we as-
sumed, as did (Butterworth, 2003), that
most students can complete most
items correctly and that students with
DD or MLD can usually correctly deter-
mine, for example, which of the two
numbers presented represents the larger
value. Based on the results of previous
studies (e.g., Jordan & Montani, 1997
Landerl et al., 2004; Prazakova, 2017), we
expected that students with MLD would
differ from neurotypical students mainly
in the speed with which they solve
these relatively easy tasks (except for
the control Ordinary Reaction Time sub-
test, where, on the contrary, we did not
expect differences).

The following subtests were given.

Normal Reaction Time. This is a con-
trol subtest. Its purpose was to see if the
groups differed in solving tasks that we
assumed to be unrelated to mathema-
tics. Respondents were sequentially
presented with two, three or four boxes,
one of which contained a picture and the
others were blank. Students were asked

5 It includes 4 subtests: Series - determining which of the five images best completes the series;
Classification - determining the image that does not belong with the others; Matrix - determining
the image that best completes the matrix; Topology - selecting the image that most closely matches

the rules in the template.
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to click on the box containing the picture
as quickly as possible. A total of 30 items
were administered within a time limit
of two minutes. The control subtest in
the standardised Dyscalculia Screener
(Butterworth, 2003) method works on
a similar principle, where students are
asked to press a computer button when
a black dot appears on the monitor.

Classification. As mentioned abo-
ve, classification is often considered
a logical skill (Novak, 2004; Stock et al.,
20009). This skill has been investigated,
for example, by Stock et al. (2009) in
preschool children, and in their research,
the respondents were asked to work with
numbers. In this task, students were
instructed to choose the picture out of
four that was least similar to the others.
For example, three pictures showing fruit
and one showing a pastry could be pre-
sented at the same time. In total, 15 items
were administered within a time limit of
three minutes.

Mental Rotation. This task was cho-
sen to measure spatial ability. According
to McCaskey et al. (2017), mental rota-
tion is one of the spatial abilities whe-
re students with DD differ more from
neurotypical students. Respondents
were shown a picture of a cube with
three sides at the top of the screen and
two others at the bottom. Pupils were
informed that one of the cubes at the
bottom was the same as the one at the
top, but was rotated differently. They
were asked to identify which of the two

cubes at the bottom corresponded to
the one at the top. Thus, the task was
designed to assess the level of spatial
imagination and required a mental rota-
tion for successful completion. Fifteen
items were administered within a time
limit of three minutes. A similar task
from the standardised I-S-T 2000 R:
Structure of Intelligence Test (Plhakova,
2005), which is administered in a pen-
cil-and-paper format, was also used in
our earlier study (Prazakova, 2017) with
adult respondents with DD, where they
achieved slightly lower scores compared
to the standardisation sample. However,
that was a very small research sample.

Inhibition. At the top of the screen
there was a box containing two shapes,
one of which was always larger and
more prominent. At the bottom were
two more boxes, each containing one
shape. Respondents were asked to indi-
cate which of the shapes on the bottom
corresponded in shape to the smaller of
the shapes shown above. Twenty items
were administered within a time limit of
two minutes. This test was inspired by
the Graph Inhibition task by Wang, Tasi,
and Yang (2012), which also deals with
geometric shapes. We chose this form
of the task here because it can be easily
measured using tablets.

Comparing Two Fields of Dots. Pupils
were asked to compare two fields accor-
ding to the number of dots and to mark
the more numerous of the two, regardless
of the size of the dots. Twenty items were
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Table 2. Descriptive statistics and results for the Comparison of the Experimental
and Control Groups in the Normal Reaction Time subtest

Group N Mean Median SD Statistic P value Effect Size

Speed C 35 27.281 24.865 10.905 342 0.672 0.0694
MLD 21 26.700 24.698 5.835

Correctness C 35 29.286 30.000 2.926 346 0.578 0.0585
MLD 21 27.952 30.000 5.277

Median C 35 0.725 0.707 0.147 300 0.257 0.1837
MLD 21 0.760 0.724 0.138

Note: MLD - mathematical learning difficulties, C - control, N - sample size, SD - standard deviation, p - p value

administered within a time limit of two
minutes. As mentioned above, similar
tasks have been administered in multi-
ple studies (Landerl et al., 2004, 20009;
Bartelet et al., 2014; Szucs et al., 2013;
Prazdkova, 2017; Prazakova & Spackov4,
2018; Samajova, 2018; Samajova & Cig-
ler, 2020; Stock et al., 2009), but without
using tablets.

Comparing Three Fields of Dots.
Unlike the previous task, here the stu-
dents were asked to compare three fields
containing dots. This time they had to
mark the box that contained neither the
most nor the least dots. Thus, if the simul-
taneously displayed fields contained, for
example, 2, 4 and 7 dots, respondents
should click on the field with 4 dots. The-
re were 15 items administered within
a time limit of three minutes.

Comparing Two Numbers. Students
were asked to compare two boxes of
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numbers by clicking on the one that
indicated the larger number, regardless
of the size of each digit. Twenty items
were administered within a time limit
of two minutes. A similar type of task
has been used in a number of previous
studies (Landerl et al., 2004, 2009; Szucs
et al., 2013; Prazakovad, 2017; Prazakova
& Spackové, 2018) as well as the standar-
dised method, the Dyscalculia Screener
(Butterworth, 2003), but none of them
used tablets for administration.
Comparing Three Numbers. Students
were asked to compare three boxes con-
taining numbers. Again, the criterion was
the quantity that the numbers denoted.
Respondents were asked to click on the
number that indicated neither the lar-
gest nor the smallest number. Thus, if
they had to decide between the numbers
2, 4 and 7, they should click on the box
containing the number 4 as instructed.



KATERINA SKALOVA PRAZAKOVA, KLARA $PACKOVA, ANNA KUCHARSKA

Table 3. Descriptive statistics and results
and Control Groups in the Classification subtest

for the Comparison of the Experimental

Group N Mean Median SD Statistic (df) P Effect Size

Speed C 35 78.82 80.45 36.86 -1.362 (54) 0.179 -0.3759
MLD 21 93.95 88.33 45.42

Correctness C 35 8.83 10.00 3.66 348 0,738 0,0544
MLD 21 9.52 10.00 242

Median C 35 4.07 3.90 1.28 0.357 (53) 0.723 0.0991
MLD 21 3.94 3.73 1.36

Note: MLD - mathematical learning difficulties, C - control, N - sample size, SD - standard deviation, p - p value

There were 15 items administered within
a time limit of three minutes.
Arithmetic. Respondents were shown
an arithmetic problem at the top of the
screen. At the bottom, they were pre-
sented with two possible results. Stu-
dents were instructed to mark the num-
ber corresponding to the correct result.
Twenty problems were administered
with a time limit of three minutes. In our
earlier study (Prazakov4, 2017; Prazakova
& Spatkova, 2018), respondents with DD
differed more from the control group in
a similar task than in the other areas stu-
died. A similar subtest is also included in
Dyscalculia Screener (Butterworth, 2003).
According to the original plan, we had
also prepared a test for verbal working
memory, namely the backward repeti-
tion of a series of numbers and letters.
Based on previous research (Locuniak &
Jordan, 2008; Presentacion et al., 2015;

Passolunghi et al., 2007), we considered
it to be one of the most important pre-
dictors of the development of numeracy
skills. However, this task was designed
for individual administration. Due to the
complex and rapidly changing pandemic
situation, we finally decided to exclude
it from the study areas.

Results

We first determined whether the indi-
vidual test results reached a normal
distribution. In order to assess if the dif-
ferences between the compared groups
reached statistical significance in each
test method, we used the T-test for two
independent sets in the case of a nor-
mal distribution and the non-parametric
Mann-Whitney U-test if the data did not
fit a normal distribution. We set a 5% sig-
nificance level (p<0.05) as the criterion
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Table 4. Descriptive statistics and results for the Comparison of the Experimental
and Control Groups in the Mental Rotation subtest

Group N Mean Median SD Statistic P Effect Size

Speed C 35 79.62 74.20 53.50 306 0.302 0.167
MLD 21 99.18 101.88 60.80

Correctness C 35 8.03 10.00 4.15 299 0.243 0.188
MLD 21 7.19 9.00 4.09

Median C 34 4.60 3.99 2.70 209 0.035 0.353
MLD 19 6.16 5.86 2.44

Note: MLD - mathematical learning difficulties, C- control, N- sample size, SD - standard deviation, p - p value

for confirming statistically significant
differences between groups.

Next, the effect size was calculated so
that we could determine the differences
between them more accurately. Thus,
the results obtained using the T-test
were supplemented with the d statistic
(Cohen’s d), where differences between
sets are considered small for values of
d around 0.2, medium for values around
0.5 and large for d around 0.8 (Cohen,
1988). Sawilowsky (2009) further
describes the values as very large for d
around 1.2 and huge for d around 2. The
results of the U-test were complemented
by calculations for the correlation coeff-
icient r, where differences between sets
are considered small for values of r=0.1,
medium for r = 0.3, and large forr = 0.5
(Cohen, 1988).

To look for differences between the
groups, we analysed the total time taken
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to solve each problem (speed), the avera-
ge number of correct answers (correctne-
ss) and the median time for each group
(median).

Normal Reaction Time. In the control
subtest monitoring reaction time when
working with non-numerical stimuli,
the differences between groups did not
reach statistical significance, nor were
they very large in terms of effect size
(Table 2).

Classification. When classifying the
images, the differences between the
groups did not reach statistical signifi-
cance. Also, the effect size reaches very
low values (see Table 3).

Mental Rotation. In this test, chil-
dren with MLD performed statistically
worse than the control group in terms of
median speed of correct responses (see
Table 4). The effect size reached mode-
rate values.
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Table 5. Descriptive statistics and results for the Comparison of the Experimental
and Control Groups in the Inhibition subtest

Group N Mean Median SD Statistic (df) P Effect Size

Speed C 35 41.21 41.49 20.430 -1,035 (54) 0.305 -0,286
MLD 21 46.47 43.99 14.403

Correctness C 35 16.63 18.00 4.466 323 0.715 0.122
MLD 21 17.10 19.00 4.836

Median C 35 1.98 1.96 0.815 291 0.195 0.210
MLD 21 2.34 214 0.830

Note: MLD - mathematical learning difficulties, C - control, N - sample size, SD - standard deviation, p - p value

Inhibition. Although the MLD stu-
dents were slower than the control
group, the differences between the
groups did not reach statistical signifi-
cance (see Table 5).

Comparing Two Fields of Dots. Here
too, the MLD students achieved lower
scores, both in terms of speed and accu-
racy. However, the differences between
the groups did not prove to be statisti-
cally significant (see Table 6).

Comparing Three Fields of Dots.
When comparing the three fields of dots,
statistically significant differences in
terms of the median correct response
rate were found in favour of the control
group, and the differences between the
groups can be considered to be moderate
(see Table 7).

Comparing Two Numbers. When
determining the larger of the two num-
bers, the differences between the groups

reached statistical significance in terms
of both speed and median speed of cor-
rect answers in favour of pupils without
identified difficulties in mathematics.
The effect size also reached high values
(see Table 8).

Comparing Three Numbers. When
comparing three numbers, the students
with MLD were statistically significantly
worse in terms of speed of responses com-
pared to the control group (see Table 9).
The differences can be considered to be
approximately moderately high.

Arithmetic. When solving the
arithmetic problems, the differences
between groups reached statistical sig-
nificance in terms of both speed and
median speed of correct answers in
favour of pupils without identified diff-
iculties in mathematics (see Table 10).
Moreover, the effect size reaches very
high values.
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Table 6. Descriptive statistics and results for the Comparison of the Experimental
and Control Groups in the Comparing Two Fields of Dots subtest

Group N Mean Median SD Statistic p Effect Size

Speed c 35 76.72 57.39 59.69 267 0.807 0,273
MLD 21 106.98 116.27 67.34

Correctness C 35 5.77 5 4.65 253 0.052 0.312
MLD 21 6.33 8 4.21

Median c 30 5.71 5.31 2.86 284 0.158 0.229
MLD 19 7.84 8.12 3.48

Note: MLD - mathematical learning difficulties, C- control, N- sample size, SD - standard deviation, p - p value

Conclusion
and Discussion

In this study, we built on previous
research examining possible causes of
difficulties in mathematics. In contrast to
those studies, we used tablets to adminis-
ter the tasks, which, to our knowledge,
have never been used for this purpose in
the Czech Republic.

The experimental group of pupils with
MLD and the control group were compo-
sed so that the pupils differed as much
as possible in the mathematical areas of
interest but not in their nonverbal intel-
lectual abilities. We tried to follow simi-
lar, albeit simplified, criteria as in the
diagnosis of dyscalculia, while no longer
strictly adhering to this term. Apart from
the lack of a clear definition, another
reason was that both mathematical and
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intellectual abilities were assessed only
tentatively, not comprehensively, with
the inclusion of multiple components
of both intellect and mathematics. The
disparity criterion of at least one stan-
dard deviation difference between the
results of the intelligence test and the
test of mathematical abilities and skills,
which is still commonly considered in
the Czech Republic in diagnosing DD,
was also not met. In order to recruit as
many respondents as possible into the
experimental group, we chose a relati-
vely modest criterion, namely, scores
below the 26th percentile in two of the
three subtests administered in the stan-
dardised mathematics diagnostic tool.
We believe that with a larger number
of respondents, it would have been ideal
to choose more stringent criteria, but it
was important for us to achieve signifi-
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Table 7. Descriptive statistics and results for the Comparison of the Experimental
and Control Groups in the Comparing Three Fields of Dots subtest

Group N Mean Median SD Statistic P Effect Size

Speed C 35 67.67 60.83 32.48 267 0.088 0.274
MLD 21 84.86 93.73 38.35

Correctness C 35 15.34 16.00 2.92 343 0.683 0.067
MLD 21 14.05 14.00 2.84

Median C 35 2.69 2.16 1.38 171 0.019 0.402
MLD 21 3.82 3.16 2.27

Note: MLD - mathematical learning difficulties, C - control, N - sample size, SD - standard deviation, p - p value

cant differences between the compari-
SOon groups.

The results obtained using experimen-
tal methods are largely consistent with
previous research (Butterworth, 2003;
Landerl et al., 2004, 2009; Szucs et al.,
2013; McCaskey et al., 2017; Prazakova,
2017; Samajovéa & Cigler, 2020). The per-
formance of pupils with MLD differed
from that of children without identi-
fied difficulties on the experimental
tasks, particularly on tests focused on
matching number symbols and on nu-
meracy skills alone. Significant, albeit
smaller, differences between the groups
were also evident in non-symbolic quan-
tity comparison and in spatial skills
(mental rotation). However, in terms of
accuracy, we found no statistically sig-
nificant differences between the groups
in any of the areas examined. Where the
groups did differ significantly from each

other, it was invariably only in terms of
task-solving speed. This means that MLD
pupils were slower at solving some ex-
perimental tasks compared to children
without identified difficulties, but this
did not significantly affect the accuracy
of the solutions. As mentioned above,
such findings are not very surprising to
us. A British standardised instrument,
the Dyscalculia Screener (Butterworth,
2003), was constructed on the basis
of a similar hypothesis. In this instru-
ment, the test items were designed so
that most pupils could solve most of the
tasks correctly. Children with difficulties
in mathematics (or DD) are to be identi-
fied mainly by their need for more time to
solve items with numerical stimuli. The
exception here is also a control subtest
with non-numerical stimuli, focusing on
simple reaction time, which is intended
to distinguish whether pupils are slower
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Table 8. Descriptive statistics and results

for the Comparison of the Experimental

and Control Groups in the Comparing Two Numbers subtest

Group N Mean Median SD Statistic P Effect Size

Speed C 35 32.33 31.67 9.402 170 <.001 0.537
MLD 21 39.83 40.78 7.596

Correctness C 35 18.66 20.00 3.360 322 0.400 0.124
MLD 21 19.14 19.00 0.910

Median C 35 1.53 1.44 0.297 170 <.001 0.537
MLD 21 1.83 1.81 0.362

Note: MLD - mathematical learning difficulties, C- control, N- sample size, SD - standard deviation, p - p value

to respond to all stimuli in general or
specifically in tasks more closely related
to mathematics. Butterworth also draws
on findings (e.g., Jordan & Montani, 1997)
indicating that although students with
DD tend to be slower than neurotypi-
cal students on numerical tasks, they
might perform similarly on tasks
without a time limit.

It follows that because the research
groups in this study were compared
with each other in time-limited tasks,
not only in the experimental but also
in the standardised tasks, we cannot
conclude that they would have differed
in tests that had no time limit. Even so,
it should be kept in mind that the MLD
group was not significantly slower in
all tasks -- not even in the standardised
methods. The groups were designed to
differ only on the maths skills test but
not on the nonverbal intellectual ability
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test, which also has a set time limit. It
therefore seems likely that, even within
the non-standardised methods, pupils
with MLD performed worse, particularly
on those tasks that were genuinely re-
lated to mathematics rather than general
work pace or intelligence. Thus, it also
appears that, in the context of school-
based support measures, increasing the
time limit for pupils with MLD (or DD)
Serves a purpose.

The assumption that students with
MLD perform significantly worse on in-
hibition was not supported in this study.
Further research would be needed to
determine whether this was due to the
composition of the research population
(grouping criteria, sample size, etc.) or
the nature of the test material. Signifi-
cant group differences did not show up
in the control subtest focusing on simple
reaction time, which we did not expect
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Table 9. Descriptive statistics and results

for the Comparison of the Experimental

and Control Groups in the Comparing Three Numbers Test

Group N Mean Median SD  Statistic P Effect Size

Speed C 35 68.63 63.86 33.61 2.271(54j 0.031 -0.612
MLD 21 89.47 84.03 34.80

Correctness C 35 10.34 12.00 4.36 363 0.939 0.014
MLD 21 10.48 11.00 413

Median C 34 4.69 4.27 1.95 211 0.012 0.409
MLD 21 5.76 5.25 1.54

Note: MLD - mathematical learning difficulties, C - control, N - sample size, SD - standard deviation, p - p value

given its purpose, nor in the subtest on
item classification (logic). In the latter
subtest, we also did not anticipate large
differences between the groups be-
cause, as we have already mentioned,
the groups did not differ significantly
in terms of nonverbal intellectual abili-
ties. In some respects, this task resem-
bles the CFT 20 R method, especially its
Classification subtest, although in our
experimental test, unlike the CFT 20 R,
students worked with concrete patterns.
This hypothesis would need to be con-
firmed or refuted by further research.
Compared to the studies (e.g., Landerl
et al., 2004, 2009; Bartelet et al., 2014;
Szucs et al., 2013; Prazakova, 2017;
Samajova & Cigler, 2020) that we drew
on here, we also added tasks comparing
three fields with objects or three fields
with numbers. This was to test our hy-
pothesis that this might increase the dif-

ferences in performance between pupils
with MLD and pupils without difficulties
in mathematics, especially in the case
of non-symbolic quantity comparisons,
where differences between groups are
usually not very large. We were only
able to confirm this assumption partially
here. Although the students with MLD
performed worse, they were statistically
significantly different from the control
group only in terms of median speeds
for the Compare Three Fields with Ob-
jects task. In contrast, when comparing
numerical symbols, the groups differed
less from each other when working with
three fields than when comparing only
two fields. Although the MLD pupils per-
formed statistically significantly worse
than the control group even when work-
ing with three fields, in terms of identify-
ing possible difficulties in mathematics
in the early years of schooling, compar-
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Table 10. Descriptive statistics and results for the Comparison of the Experimental
and Control Groups in the Arithmetic subtest

Group N Mean Median SD  Statistic P Effect Size

Speed C 35 94.33 90.89 29.572 136 <.001 0.630
MLD 21 138.74 147.46 42.76

Correctness C 35 18.03 18.00 1.790 336 0.586 0.087
MLD 21 18.33 18.00 3.07

Median C 35 3.32 3.43 0.949 135 <.001 0.633
MLD 21 4.77 4.70 1.61

Note: MLD - mathematical learning difficulties, C - control, N - sample size, SD - standard deviation, p - p value

ing two fields with numbers seems to be
more effective thus far.

As also mentioned, the study involved
not only schools that teach mathematics
in the classical manner, but also schools
that teach the so-called Hejny method,
which is based on constructivism. In or-
der to determine whether pupils taught
according to different methods achieve
comparable results in standardised tests,
we compared the results in these tests
according to the method of teaching. In
one of the subtests of the standardised
test of mathematical abilities and skills
(Bednatova et al., 2015), pupils taught
using constructivist methods achieved
statistically significantly worse results
in the part focusing on numerical op-
erations than pupils taught in the clas-
sical way. This result may represent
a limitation of this study, although it
contrasts with, for example, the results
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of the Czech School Inspectorate (2017).
A possible explanation for why pupils
taught using this method performed
worse is the time limit set in standard-
ised methods, which, according to some
teachers from the participating schools
who teach in a constructivist manner,
their pupils are not used to working
with. Unfortunately, we did not have
a standardised tool with standards spe-
cifically designed for the Hejny method,
and therefore had no way of identifying
possible difficulties in pupils taught in
this manner. It should also be noted that
we are dealing with a small research
population sample here, and so any dif-
ferences cannot yet be overgeneralised.
In the future, we recommend that these
findings be verified on a larger sample
and that standards also be developed for
the Hejny method. Similarly, we consider
it worthwhile to check whether similar
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differences are also present in our ex-
perimental methods.

It is important to keep in mind that
data collection was severely disrupted
by the COVID-19 pandemic and did not
proceed as planned due to relatively
strict and prolonged measures, includ-
ing repeated school closures. Although
schools from other regions were included
in the original sample, we only made this
comparison for respondents from Prague
or the surrounding area because none of
the schools from other regions ultimately
participated in data collection through
experimental methods.

For the reasons mentioned above, we
were forced to spread the data collec-
tion over a much longer period of time
than anticipated, and even then fewer
students took part. Due to the overall
complexity of the situation following the
pandemic outbreak, we also abandoned
the intention to investigate verbal work-
ing memory, the importance of which
might be interesting to explore alongside
the other areas of interest. Based on pre-
vious research (Locuniak & Jordan, 2008;
Presentacion et al., 2015; Passolunghi et
al., 2007), we considered this ability to
be an important aspect for predictors of
arithmetic skill development and origi-
nally intended to administer it individu-
ally, unlike the other experimental tasks,
but we only managed to do so with 11 re-
spondents. We were not able to prepare
the option of assessing it using tablets
in time, a solution conceived later, due

to the rapidly deteriorating COVID-19
situation and the tightening of pandemic
measures. In the end, we decided not
to complicate an already difficult situ-
ation in schools with further testing. In
the future, however, it might still be
interesting to add a working memory
subtest to our battery, or at least to test
respondents’ working memory orally in
individual sessions. It would thus be use-
ful to replicate the research on a larger
research sample of children from more
regions of the country, possibly including
first or second grade students.

The Czech Republic currently lacks
a simple screening system focused on
mathematical skills that could identify
pupils at risk of difficulties in the early
years of education who deserve special
attention. This could include, for exam-
ple, a number matching test, given that
these types of tasks appear to be highly
relevant in relation to mathematics, as
mentioned above. It should also be noted
that this type of test is already used with
computer administration in a standard-
ised screening tool abroad (Butterworth,
2003). If the hypothesis that working
memory is also a significant indicator
of mathematics difficulties is confirmed,
it could be included in a possible screen-
ing tool, as suggested by Passolunghi et
al. (2007). However, as there are argu-
ably multiple predictors for the develop-
ment of numeracy skills, an overly sim-
ple screening with, e.g., only two skills
(such as number matching and working
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memory) might not detect all children at
risk of difficulties, such as children with
impaired spatial skills.

Possible indicators of difficulties in
mathematics should also be investi-
gated causally, preferably already in
preschool children (i.e. preschoolers’
abilities in relation to later numeracy
skills). As evidenced by international
research conducted with kindergarten
pupils, apart from the ability to solve
certain types of arithmetical problems,
the levels of which can vary from coun-
try to country (Locuniak & Jordan, 2008;
Stock et al., 2009), it is precisely working
memory (Locuniak & Jordan, 2008; Pre-
sentacidn et al., 2015) and the ability to
serialise (Stock et al., 2009) that emerge
as strong predictors of numeracy skills
in the early years of school. These, or
others, could thus become part of future
screening for difficulties in mathematics
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T-Conference

Monika KadrnoZkovd

On November 16, 2023, the first annual
T-Conference for high school students
took place, where students presented
their professional contributions based
on research conducted within their stu-
dent research and professional activities
(known as SVOC). The T-Conference was
organized by the Talnet organization,
which has long been involved in suppor-
ting gifted and talented individuals in
the Czech Republic, in collaboration with
the Jaroslav Heyrovsky Endowment Fund
and the Institute of Physical Chemistry
of the J. Heyrovsky Academy of Sciences
of the Czech Republic. The purpose of
organizing this conference was to provi-
de high school students with the oppor-
tunity to professionally present contri-
butions from various scientific fields
(natural sciences, technology, or social
sciences). The motivation behind this
event is primarily to support the utilizati-
on of the potential of the research results
obtained from these student works and
their presentation to a wider professio-
nal audience. The skill of being able to
present research intentions and results
comprehensibly, yet professionally, needs
to be perfected and cannot be improved
without real practice, namely presenting

pages.pedf.cuni.cz/gramotnost
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one’s research to an audience. For these
reasons, in addition to presenters, high
school students who are just beginning
to consider presenting their professional
activities were also invited. The professi-
onal level of the contributions correspon-
ded to scientific texts that encompassed
both theoretical and empirical foundati-
ons. Students presented their often very
inspiring topics in various scientific are-
as. The presented topics covered a wide
range of scientific disciplines:

* Nearspace experiments on balloon
probes, dosimetry, and cosmic radi-
ation

* Calculation of celestial bodies' positi-
ons

* Adidactic aid for teaching local histo-
ry lessons in the village of Nové Sedlo

* Expositional experiments as a method
of analyzing the limits of algae life

* The influence of canister therapy on
fine motor skills and psychological
states of seniors

* An experimental study of the La-Ni-Sn
system

* The application of a virus and nicotine
ligand to the mouse brain

* Electrolytic deposition of metals from
solutions

DOI: 10.14712/25337890.4527
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* Self-tinting glass
e Zatlanka Active Citizens and People
in Need
* The influence of the duration of hop
planting on optimal root biomass for-
mation
Authors had the opportunity not only
to present their research findings but
also to discuss the benefits of their work
with other experts during the discussion
period that followed each contribution.
Participants also had the opportunity
to establish new contacts and meet col-
leagues who are engaged in similar ar-
eas of research. The conference's guest
was Daniel Brindzadk, who presented
the fruit of his professional work in the
context of “what professional work gave
me and what it took away,” thus creat-
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ing a stimulating discussion on both the
psychological and physical conditions
within scientific activity.

Talnet is an organization that has
been dedicated to the development and
support of gifted and exceptionally tal-
ented students (especially high school
students) since 2008. Its activities of-
fer a comprehensive range of profes-
sional courses, excursions, expeditions,
lectures, camps, and other interesting
events with a crossover into different
scientific fields. In addition to academic
development, Talnet is also dedicated to
nurturing the emotional and social de-
velopment of these students and brings
together exceptionally gifted talents in
the community.
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