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EXAMINING THE LEVEL OF DYSCALCULIA AWARENESS AMONG
PRIMARY AND SECONDARY SCHOOL MATHEMATICS TEACHERS IN
URBAN MAINSTREAM SCHOOLS IN SOUTH KAZAKHSTAN
Abstract

Dyscalculia is defined as a specific learning disability in mathematics with some
challenges in arithmetic skills, math problem-solving skills, calculations, processing, and
remembering mathematical facts (APA, 2018). Although this phenomenon is less studied
than reading difficulties such as dyslexia, its prevalence rates are no less and range from
3% to 6% among the world's population (Kucian & Von Aster, 2015). Dyscalculia poses
significant difficulties in school as students with dyscalculia have a greater degree of math
anxiety and poorer achievement than other students (Kucian et al., 2018). Dyscalculia is a
permanent disability; however, adequate support and early identification may reduce to the
minimum the difficulties it causes to the child (Sousa et al., 2017). Accordingly, teachers’
sufficient knowledge regarding dyscalculia is essential in identifying at-risk students and
providing the necessary support to them in the classroom.

The present study examined the level of dyscalculia awareness among primary and
secondary school mathematics teachers in urban mainstream schools in South Kazakhstan.
This study utilized a quantitative survey research design. Overall, 751 teachers from 60
schools participated in an online anonymous survey. The present study examined teachers’
knowledge about dyscalculia across three dimensions i.e., definition and nature of
dyscalculia, its symptoms, and methods of intervention. The findings indicate that teachers
have limited knowledge about the definition and nature of dyscalculia as well as its
symptoms. However, teachers are better informed about intervention methods than the
nature and symptoms of dyscalculia. It was revealed that, on average, teachers at both

levels of education hold very similar views about this disability. Furthermore, it was
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revealed that teachers’ exposure to the phenomenon of dyscalculia is associated with better
knowledge about dyscalculia.
Keywords. inclusive education, dyscalculia, teachers’ awareness, teachers’

knowledge, primary school, secondary school, Kazakhstan.
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OHTYCTIK KASAKCTAHJIAFbI KAJIAJIBIK OPTA MEKTEIITEPJIEI']
BACTAYbBII )KOHE OPTA BYBIH/IAPBIHBIH MATEMATUKA II9HI
MYFPAJIMIAEPIHIH JIUCKAJIBKYJIUS TYPAJIbI XABAPJIAPJIBIK
JEHT'EHWIH 3EPTTEY
AHaaTna
JMcKanbKyus - apu(METHKAIIBIK JIaFIblIap, MAaTEMAaTUKAJIBIK €CenTep i ey
JaFIbLIAPEI, €CeNTeyep, MaTEMATHKAIBIK (DaKTIIep/Ii OHICY JKOHE €CTe CaKTaydarbl
KUBIHJBIKTApHl 0ap MaTeMaTUKaAarbl OKy KeMICTiri perinae anbikranans! (APA, 2018).
Byt KyObUTBIC AMCHAEKCHS CUSKTBI OKY KUBIHIBIKTApbIHA KapaFraH/aa a3 3epTTeNIreHiMEH,
OHBIH Tapay JCHIeil KeM eMec KOHE dJIeM XalKbl apackiaaa 3% -mgan 6% -ra aeiiin
aybITkuab! (Kucian & Von Aster, 2015). JluckanbKyaus MEKTENTE alTapIbIKTAMA
KUBIHJBIKTAP TYFbI3a/bl, OUTKEH] TUCKAIBbKYIHACHI O0ap OKYIIBUIAPIbIH MAaTEeMaTHKAIIBIK
Ma3achI3/IbIK JICHT el JKOFaphl )KOHE 0acKa OKyIIbIIapra KaparaHaa OKy yiarepimMi ToMeH
(Kucian et al., 2018). [IuckanbKyius TYpaKThl KYOBUIBIC, IET€HMEH, a1€KBATThI KOJIIAy
’KOHE epTe aHbIKTay Oanara oKeJeTiH KUbIHIBIKTap bl OaphIHIIIa a3aiiTa anajsl (Sousa et
al., 2017). Tuicinmie, MyFamiMAEpAiH AUCKATIBKYJIIHUS Typabl )KETKUTIKTI O11iMi Kayirn
TOOBIHJAFBI OKYIIIBUIAP/IbI AHBIKTAY JKOHE OJIApFa CHIHBINTA KaXETTI KOJAay KOpCeTy YIIiH
©TE€ MaHBI3/IbI.
Bbyn 3eprrey OHTycTik KazakcTanmarsl KanalblK OpTa MEKTENITEPAiH OacTaybIIil
’KOHE OpTa CHIHBINTAPbIH/IA MAaTEMAaTHKA MTOH1 MYFaJIiMIEPiHIH AUCKATIBKYIUS Typajbl
xabapapibIK AeHIeiiH 3epTTeai. byl 3epTreyae canablK 3epTTey AM3aiHbI KOJIIaHBUIIBL.
AHOHUM/II OHJIAlH cayanHaMara KajaHblH 60 opta MekTeOiHeH O6apibiFbl 751 MyFaniM
KaTBICTBL. byJ1 3epTTey MyFalmimMaepaiH AUCKAIbKYIIHUS Typasbl OUTIMIH YII €JIIIeM
OolibIHINA 3epTTE], SFHU AUCKAIbKYJIHSHBIH aHBIKTAMAChl MEH TaOUFaThl, OHBIH Oenriiepi

KOHE Konay auictepi. HoTmxkenep MmyramimaepaiH AUCKaIbKYIHSHBIH aHBIKTaMachl MEH
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TabUFaThl, COHJAN-aK OHBIH OelNriyiepi Typasibl O11iMI IIEKTEYJi eKeHIH KopCeTe .
JlereHMeH, MyFaimMIep JUCKaIbKYJIUSHBIH TAOUFAThl MEH OeNTiiepiHeH repi Kojaaay
ozicTepi Typalibl )KaKChIpaK xadapaap exeHi akpiHaan el Opraina anrana eki OybIHIaFbl
MYFaJliMIICpAiH JUCKAIBKYJINAFa Ko3KapacTaphbl ©Te YKcac eKeHi aHbIKTagbl. COHBIMEH
Karap, MyFalliMIep/IiH AUCKAIbKYJIHUs KYOBUIBICBIMEH OYPBIHFBI OaillaHBIChI JUCKAIBKY NS
TypaJIbl )KaKChl OUTIMMEH OaiJIaHBICTHI €KEHI aHBIKTAJIIBI.

Tytiin ce3nep. unkmo3uemi Oinim 6epy, OUCKATLKYIUSL, MY2ATIMOepOiy

xabapoapnvigvl, my2animoepoiy Oinimi, bacmayviu Mmekmen, opma mexkmen, Kasaxcmarn.
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NCCJIEJOBAHME YPOBHSA OCBEJOMJVIEHHOCTH O JUCKAJIBKYJINHN
CPEJIM YYUTEJIEH MATEMATHUKHA HAYAJIBHBIX Y CPEJTHUX KJIACCOB
B I'OPOJACKHX OBPA30OBATEJIBHBIX HIKOJIAX HOKHOTI'O KA3BAXCTAHA

AHHOTAIHUA

JIMCKanmbKyIus OnpeensieTcss Kak 0codast HeCIIOCOOHOCTh K 00YUYEHHIO B
MaTeMaTUKe C HEKOTOPHIMH ITpobiIeMaMy B apu(METUYECKIX HaBBIKAX, HABBIKAX PEIICHUS
MaTeMaTHYECKUX 3a]1a4, BBIYUCICHUAX, 00paboTKe U 3alIOMUHAHUH MaTeMaTHYECKUX
¢daxToB (APA, 2018). XoTs 3TO sIBIICHHE MEHEE N3YUEHO, YeM TPYTHOCTH C YTEHUEM,
TaKHMe KaK JAUCIEKCUs, I0KA3aTeNN €r0 paclpOCTPAHEHHOCTH HE MEHBIIIE U COCTABIISIOT OT
3% nmo 6% nacenenus mupa (Kucian & Von Aster, 2015). /luckanbKynus co3gaer
3HAYUTENIbHBIE TPYTHOCTH B LIKOJIE, IOCKOJIBKY YYaIIMECS C TUCKAJIbKYJINEH UMEIOT
O0JIBIIYIO CTETIeHb OECIIOKOMCTBA M0 MaTeMaTHKE U 00Jiee HU3KYIO YCIIeBaeMOCTb, YeM
npyrue ydamuecs (Kucian et al., 2018). Jluckanbkynust UMeeT OCTOSIHHBIN XapakTep;
OJTHAKO a/IeKBaTHAs MOIEP>KKa U paHHEE BBIABICHHE MOTYT CBECTH K MUHUMYMY
TPYAHOCTH, KOTOPBIE 3TO BBI3bIBaeT y pedeHka (Sousa et al., 2017). CooTBeTCTBEHHO,
JOCTaTOYHBIEC 3HAHUS YUUTENIEH O IUCKAIbKYJIMH HEOOXOAUMBI ISl BBIABICHHS yUaAIIUXCS
U3 IPyNIBl PUCKA U OKa3aHUs UM HEOOXOJUMON MOAJEPIKKH B KJIacce.

B nanHOM nccneroBaHNM U3ydalics YPOBEHb OCBEIOMIIEHHOCTH O TUCKAIBKYJINH
cpeau yuuTeneil MaTeMaTHKU HadyalbHbIX M CPETHUX KIaCCOB TOPOJICKUX
obmmeoOpa3zoBarenbHbIX mKos FOxuaoro Kazaxcrana. B aTom nccnenoBanuun
HCIIOJIb30BAJICA KOJIMYECTBEHHBIN UCCIEA0BATEIbCKUI IU3aliH. Bcero B aHOHUMHOM
OHJIAltH-onpoce NpUHSIHN ydactue 751 yunurens u3 60 ropoackux 001eo0pa3oBaTebHBIX
1IKO0JI. B HacToseM Hccae10BaHuu U3ydaaiuch 3HAaHUS YUUTEIEH O AUCKAIBKYJIIUH 110
TPEM MapaMeTpaM: ONPEIEIICHUE U XapaKTep AUCKAIbKYJIUHU, €€ CAMITOMBI U METO/IbI

BMCIHIATCIbCTBA. PGSY.HBTaTI:I MOKAa3bIBAIOT, YTO YYHUTCIIA UMCIOT OTPAaHUYCHHBIC 3HAHU 00
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OIIpEAEIICHUH U NIPUPOJE JUCKAIBKYJINH, a TAKXKE O €e cuMnToMax. OHaKo yuuTens
Ty4ine HHGOPMUPOBAHBI O METOAAX BMEIIATEIbCTBA, YEM O IPUPOE U CUMIITOMAX
JMCKaNbKyJUU. BBIIBIEHO, UTO B CpEeTHEM yUUTEIsl 00OUX YpOBHEH 00pa3oBaHUs
NPUICPKHUBAIOTCSA OYCHD OJIM3KHX B3IJIAZ0B O JUCKAIBKYJINU. KpoMe TOro, BHISIBICHO, YTO
NPEbIAYIINNA KOHTAKT YYUTENeH ¢ (PeHOMEHOM TUCKAIbKYJIMH B 3HAUUTEIILHON CTETIEHU
cBsi3aHa ¢ 0oJiee BBICOKUM YPOBHEM 3HAHUH O TUCKAIbKYIIHH.

KiroueBble coBa: uHK103U6H0e 06pazosanue, OUCKAIbKYIUS, UHPOPMUPOBAHHOCTb

yuumeﬂeﬁ, 3HAHUA yuumeﬂeﬁ, Hav4ajavbHAasA WKoid, Cpe()H}Z}Z uwkKoaJa, Kaszaxcman.
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Introduction

Background of the Study

Mathematics is one of the primary subjects at school which is foundational in
acquiring knowledge and skills. Mathematics is not only an important school subject but is
also used in everyday life which is heavily based on numeracy starting from time
management, shopping, calculating money, and other social and economic activities.
Furthermore, an inadequate level of mathematical skills may impact individuals’
educational perspectives, employability, and salaries even if they are highly literate
(Parsons et al., 2005; Rivera-Batiz, 1992, as cited in Soares et al., 2018). The term used to
describe students who have challenges in arithmetic skills, calculations, reasoning,
remembering math facts, and solving mathematical problems is called dyscalculia
(American Psychiatric Association, 2018). The term itself stems from the Greek word
“dys” which means “badly”, and the Latin word “calculare” which means “to count”
(Kunwar & Sharma, 2020). So, the term dyscalculia means bad at counting. Students with
dyscalculia manifest in the classroom with short-term and long-term memory problems,
symptoms such as confusing mathematical symbols and signs, and having difficulties with
measurement, direction, time, and speed. They are not able to subitize and do not have an
intuitive grasp of numbers (Williams, 2013). They may often use their fingers when
counting while their peers left this strategy a long time ago.

Mathematical disability is common among mathematics learners (Sousa et al., 2017).
It is estimated that 3 to 6% of people worldwide have dyscalculia (Haring, 2020; Kosc,
1974; Kucian & Von Aster, 2015; Shalev & Von Aster, 2008). Statistics aside, individuals
with dyscalculia are likely to encounter serious hardships starting from their school years
and persisting throughout their lives (Sousa et al., 2017). Dyscalculia has a significant

influence on people’s lives affecting their career choices, psychological and emotional
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wellbeing, as well as social relationships (Wadlington et al., 2006). This can be seen in the
case of a teacher with dyscalculia who was trying to avoid having lunch with his
colleagues and always used a credit card so as not to be in a situation to count money
(Wadlington et al., 2006).

It is important to note that not every student with difficulties in mathematics will
necessarily have dyscalculia. Mazzocco (2005) suggests distinguishing between
mathematical difficulties and disabilities, the former being more overarching than the
latter. Mathematical difficulties may be related to insufficient instruction, social
environment, home, and school atmosphere. Whereas, mathematical disability has a
biological set of causes (Mazzocco, 2005). Mathematical difficulties are affected by
environmental causes and may disappear after an intervention. On the other hand,
mathematical disability is long-lasting, and symptoms may not disappear with proper
assistance. In any instance, children with this disability would definitely benefit from
initiated support (Kosc, 1974).

Dyscalculia is a less researched phenomenon compared to reading disabilities such
as dyslexia. The fact that dyscalculia is less often encountered than dyslexia and other
learning disabilities, does not mean that the disorder is rare. Perhaps it is camouflaged
under disorders (Dias et al., 2013) such as ADHD, dyslexia, depression, anxiety, as well as
other factors such as crowded classes, social and family problems, inadequate teaching
methods, or curriculum (Shalev & Von Aster, 2008). Dyscalculia may co-occur with
dyslexia in 50% of cases, and with ADHD in 40% of cases (Williams, 2013). These
statistics reasonably explain the possible reason for the underdiagnosis of the learning
disability.

Another reason for the underdiagnosing of dyscalculia is an identification gap which

leads to a late diagnosis of the disability. Altarac and Saroha (2007, as cited in Graves,
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2018) reported that in the USA many children remain undiagnosed with a learning
disability (LD) until the ages of 10-14 and 15-17. The authors claim that the reason is not
that LD starts at these ages, but that there exists a gap between when the child is suspected
to have a learning disability and eventually diagnosed with having it. This gap can
continue for 3.5 years. There is a tendency that children with LD are diagnosed more often
as they become older (Child Trends, 2016, as cited in Graves, 2018). Thus, there is a need
to close the gap between the first suspicion of the condition and the diagnosis of it.

One more reason for the underdiagnosing of dyscalculia could be the social notion
that a person is either good or bad at mathematics (Holaway, 2020). Mathematics is one of
those subjects where many students perform poorly, and dyscalculia is one of the many
reasons for low academic achievement in mathematics (Kunwar & Sharma, 2020). A
common feature of students with dyscalculia is that they can be successful in other subjects
but challenged in mathematics. The danger is that these students don't get the help they
need; their condition should be regarded as more serious than simply being bad at
mathematics (Hornigold, 2015, as cited in Kunwar & Sharma, 2020).

Research has shown that teachers play a crucial role in identifying learning
disabilities among students (Dias et al., 2013). For example, dyslexia as a learning
disability most often begins to manifest itself when students get to school (Chideridou-
Mandari et al., 2016). This factor makes a teachers’ role significant in the identification of
dyslexia and its further development (Chideridou-Mandari et al., 2016). It would be fair to
presume that a teachers’ role in identifying dyscalculia is equally important.

Inclusive Education and Dyscalculia in Kazakhstan

Since 1991, Kazakhstan has prioritized inclusive education as one of the important

strategic directions in the development of its education (Makoelle, 2018). Kazakhstan has

ratified international documents including the UN Convention on the Rights of the Child in
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1994, the Convention on the Rights of Persons with Disabilities, legislated in 2015, and
Convention against Discrimination in Education legislated in 2016 (Ramazanova, 2020).
Signing these documents that affirm equal access to education for people with special
educational needs, Kazakhstan demonstrates a determination to maintain and support
inclusive education and the international movement of Education for All (EFA). Since
then, the government has established several documents at the legislative level. The latest
legislation on inclusive education was signed by president Qasym-Zhomart Tokayev on the
need to update the current standards that are used in inclusive and special education
(Sputnik, 2021). It is expected that the standards will be updated according to the
Convention on the Rights of Persons with Disabilities. Kazakhstan has made considerable
effort and progress in the development of inclusive education; however, it is only at the
start of a long way toward implementation in the classrooms (Makoelle, 2018). Despite the
ratified reforms and steps taken to improve inclusive education, there remain inconclusive
issues of recognizing and addressing learning disabilities like dyscalculia in the
classrooms. Currently, it is not recognized and there is no legislative basis for diagnosing,
assessing, and assisting dyscalculia as a disability in Kazakhstan.
Problem Statement

A significant amount of research can be found in the literature on teachers’
knowledge of other learning disabilities like dyslexia, etc. However, a relatively scarce
amount of research can be found on teachers' awareness of dyscalculia (Williams, 2013).

Research that exists indicates that the lack of teachers’ knowledge about dyscalculia
has been revealed as one of the biggest barriers in assisting children with dyscalculia
(Graves, 2018). Consequently, teachers’ insufficient knowledge regarding dyscalculia can
lead to a failure to see the symptoms of students in the classroom and provide the

necessary assistance to them. Because the more teachers know about the nature of
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dyscalculia and are trained on educational methods, the more effective support they can
provide for their students (Butterworth et al., 2011, as cited in Sousa et al., 2017). This, in
turn, will positively affect the learning of students who have dyscalculia and other
difficulties in mathematics.

There is insufficient research on dyscalculia in Kazakhstan, contributing to a low
level of teachers’ knowledge about dyscalculia. Because dyscalculia is not officially
diagnosed as a disability in Kazakhstan, there is no information on its prevalence across
the country. According to the National Scientific and Practical Center for the Development
of Special and Inclusive Education (NSPC DSIE) (2020), dyscalculia is referred to as a
specific learning disability (SLD) in Kazakhstan and there is no exact definition of it.
Children in Kazakhstan are not officially diagnosed, assessed, or assisted by professionals
and educators likely because of insufficient knowledge about SLD and dyscalculia.
Another problem is that inclusive education is conflated with special education in
Kazakhstan (Makoelle, 2018). This is another likely reason that educators don’t have
resources to support their students with learning disabilities such as dyscalculia. In
addition, as teachers report, they are neither trained on dyscalculia at the university level as
students nor at the school level as educators (Zhanatbekova, 2018). This leads to a
situation where teachers miss the symptoms of students who need help and leave them
without any assistance in learning. Since the role of teachers in the identification of
dyscalculia is central, their knowledge about it remains crucial.

Purpose of the Study

The purpose of the study is to examine the level of dyscalculia awareness among
primary and secondary school mathematics teachers in urban mainstream schools in one of
the large cities in South Kazakhstan with respect to understanding the definition and nature

of the phenomenon, recognizing its symptoms, and methods of intervention.
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The study seeks to answer the following research question:

o To what extent are primary and secondary mathematics school teachers in urban

mainstream schools in South Kazakhstan aware of dyscalculia in respect to

understanding the definition and nature of the phenomenon, recognizing its

symptoms, and intervention methods?

It also tests the following hypotheses:

e HI: Primary and secondary school mathematics teachers’ awareness of the

definition and nature of dyscalculia is low.

e H2: Primary and secondary school mathematics teachers’ awareness of the

symptoms of dyscalculia is low.

e H3: Primary and secondary school mathematics teachers’ awareness of the

interventions to support students with dyscalculia is low.

o H4: The level of awareness about the definition, nature, symptoms of dyscalculia,

and interventions among primary and secondary school mathematics teachers is at

the same level.

e HS5: Exposure to the phenomenon of dyscalculia is associated with a better level of

knowledge about dyscalculia. The exposure is measured via two criteria:

1.

2.

Theory: have respondents heard about the phenomenon of dyscalculia in
any of the pre-service, in-service teacher training courses, from
colleagues/friends, or as a self-study.

Experiential: have they encountered students with math difficulties in class

as suspected cases of dyscalculia.

Significance of the Study

There is relatively scarce research on teachers’ knowledge about dyscalculia even

though the number of students diagnosed with dyscalculia is increasing (Chideridou-
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Mandari et al., 2016). The scarcity of literature and research makes it harder to identify the
level of knowledge teachers have about dyscalculia and how they support their students in
educational settings. Mathematical learning disability (MLD) poses significant difficulties
in school as students with dyscalculia have a greater degree of math anxiety and poorer
achievement than other students (Kucian et al., 2018). One of the reasons for students’
reluctance or negative reactions to learning mathematics may be teachers’ poor knowledge
of MLD (Kunwar et al., 2021). Furthermore, dyscalculia may negatively affect the career
choices of students with this learning disability. This is evident in the case of a student
with dyscalculia who initially wanted to be a computer scientist, but after failing high
school mathematics classes for two years in a row, his teachers set him on a course for a
language degree as opposed to computer science (Wadlington et al., 2006). This advice
opposite to the student’s career aspirations can be explained by the lack of teachers’
knowledge of dyscalculia. Teachers’ lack of knowledge is likely to result in inadequate
assistance, low expectations, and little effort in supporting those students. Teachers’ little
effort and low expectations for students are exemplified in the work by Zhanatbekova
(2018), where teachers reported that they assigned simpler tasks to their students with
mathematical difficulties in the classroom. Therefore, it is important for teachers to have
adequate knowledge about dyscalculia, its manifestations in the classroom, and strategies
of appropriate interventions and guidance in school for students with MLD. Otherwise,
low levels of knowledge among teachers can lead to a failure to detect on time the
symptoms of students with MLD who need help. However, existing national and
international findings indicate that the majority of teachers do not have enough knowledge
about dyscalculia (Chideridou-Mandari et al., 2016; Dias et.al, 2013; Graves, 2018;
Karasakal, 2018; Zhanatbekova, 2018). Considering all of the above, the results of this

study will be useful to inform the actions of the government, school administrations, and
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teachers themselves in Kazakhstan. It is also expected that this study will contribute to the
academic field examining teachers’ knowledge of dyscalculia on primary and secondary
education levels.
Definitions of Central Concepts

Different concepts are used in research related to difficulties in learning

2 <6

mathematics. These terms include “mathematical learning difficulties”, “mathematical
learning disabilities”, “dysnomia”, “arithmetical difficulties”, “developmental
dyscalculia”, etc. They all describe the notion of dyscalculia. As this thesis focuses on
dyscalculia, these terms will be used in this study interchangeably.

The key terms of the study:

e Dyscalculia is a term used for difficulties learning mathematics. These
difficulties include poor memorization of math facts, poor calculation skills,
as well as poor math problem solving and math reasoning skills (APA,
2018).

e Numeracy - “ability to understand and work with numbers: the quality or
state of being numerate” (Merriam-Webster, n.d.).

e Knowledge - “the fact or condition of knowing something with familiarity
gained through experience or association” (Merriam-Webster, n.d.).

e Awareness - “knowledge and understanding that something is happening or
exists” (Merriam-Webster, n.d.). In this study, teachers’ awareness of
dyscalculia and their knowledge regarding its definition, nature, symptoms,
as well as intervention methods are examined. Since these terms are used
interchangeably in the literature, they are also used interchangeably in this

study.
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e Specific learning disability is defined as a condition affecting children in at
least one of these learning areas: reading, writing, and mathematics, and is
not the result of reduced intelligence or poor quality of education (APA,
2018). It is important to note that even though the terms “learning
disability” and “learning disorder” are not exact synonyms of one another
(APA, 2018), they are used interchangeably in research and are used in this
study as well.

Thesis Outline

This thesis introduces the phenomenon of dyscalculia and teachers' awareness of this
disability in the world and in the context of Kazakhstan, which is presented and discussed
in each chapter of this thesis. The first introductory chapter presents the problem
statement, significance of the research as well as clearly states the main aims and
hypotheses of the study.

Chapter two reviews the existing literature on the phenomenon of dyscalculia and
provides information about its definition, nature, symptoms, diagnosis, as well as
intervention methods. The second chapter also highlights different theories that exist
around dyscalculia. Eventually, teachers’ awareness of dyscalculia across the world and in
Kazakhstan is also reviewed in this chapter.

The third chapter is concerned with the methodology used for this study. Chapter
four analyses the results of the survey questionnaire regarding teachers’ knowledge of
dyscalculia, which is then discussed with reference to the literature in chapter five. Finally,

chapter six concludes with the overall findings and suggestions for further research.
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Literature Review

Specific Learning Disabilities and Dyscalculia

This chapter presents a review of the literature on the phenomenon of dyscalculia. To
better understand this disability, sections of this chapter are organized firstly to define
dyscalculia in relation to other learning disabilities. Secondly, to present information on
how the term emerged, as well as to discuss the nature, and symptoms of dyscalculia. To
address the possible causes of dyscalculia, views that exist around this phenomenon are
also discussed. Sections in this chapter review the types of dyscalculia, diagnosis,
interventions, and why we need to understand teachers’ awareness of this disability.
Research on learning disabilities conducted in Kazakhstan is also reviewed.
Specific Learning Disabilities

Dyscalculia is a type of specific learning disability (SLD). SLD is defined as a
neurological disability that starts at school time and hinders the ability of children to learn,
which manifests itself in foundational skills such as reading, writing, or mathematics
(American Psychiatric Association, 2018). The prevalence rates of SLD vary between 5-
14% of the school-age student population in the world (Geary, 2013, as cited in Kunwar et
al., 2021). SLD is an overarching term that encompasses learning disabilities such as
dyslexia (difficulties in reading), dysgraphia (difficulties in writing), and dyscalculia
(difficulties in mathematics). These types of learning disabilities are often comorbid with
each other, i.e., people who have dyscalculia will often also have dyslexia or dysgraphia
(Willcutt et al., 2019). This comorbidity makes the process of identification of SLD more
difficult. Thus, to better understand each of these learning disabilities they are briefly
explained in the following paragraphs.

Dyslexia is a language-related neurobiological disability manifested by inaccurate

word recognition, poor spelling, and decoding competencies (International Dyslexia
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Association [IDA], 2002). Typically, people with dyslexia have reading difficulties, poor
vocabulary, and poor understanding of what they have just read (IDA, 2002). Moreover,
between 30-60% of children diagnosed with dyslexia also have comorbid math difficulties
(Soares et al., 2018; Willcutt et al., 2019). One explanation for this common comorbidity is
that it is more difficult for dyslexic students with reading difficulties (RD) to learn
mathematics involving word problems and symbols (Willcutt et al., 2019). Approximately
5% (Kaufmann & Von Aster, 2012) of primary school students and 6% (Robert & Sarah,
2014, as cited in Kunwar et al., 2021) of people around the world have dyslexia.

Dysgraphia is a “specific learning disorder in written expression” (Chung et al.,
2020, p.46). People with dysgraphia have difficulties with writing and spelling skills, are
often slower in writing than others, skip some letters in the words when writing, and may
produce grammatical errors in the sentences (Chung et al., 2020). The literature reports
varying prevalence estimates of the disability as between 10-34% among primary school
students (Rosenblum & Dror, 2016) and 7-15% amongst school-age children around the
world (Sharma, 2020, as cited in Kunwar et al., 2021).

The term “dyscalculia” literally means bad at counting (Kunwar & Sharma, 2020).
Sometimes it is referred to as “math dyslexia” or “number blindness”. However, it is a
“heterogeneous learning impairment affecting numerical and/or arithmetic functioning at
behavioral, psychological and neuronal levels” (Kucian & Von Aster, 2015, p.3). People
with dyscalculia have some challenges in arithmetic, calculations, reasoning, remembering
math facts, and solving mathematical problems (APA, 2018). Children with dyscalculia
often lag behind their peers in academic performance, and perform tasks inaccurately and
slower than typically developing children (Monei & Pedro, 2017). Yet these difficulties are
not caused by low intelligence levels (Monei & Pedro, 2017). It is important to note that

dyscalculia should not be confused with acalculia, which is acquired later in life and is a
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consequence of brain injuries (Ardilla & Roselli, 2002). By contrast, dyscalculia is innate
and has neurological origins.
Prevalence of Dyscalculia

It is difficult to evaluate the predominance of dyscalculia in the world mainly
because its identification directly depends on the definition of the disability. As there is no
universally accepted definition of dyscalculia, different definitions applied in different
countries lead to different diagnostic criteria. Thus, its prevalence rates cannot be
compared across countries. However, there are numerous studies with the same patterns of
findings on the proportion of dyscalculic people in the population which makes a global
estimate of between 3 to 6% reasonably reliable (Kosc, 1974; Kucian & Von Aster, 2015;
Shalev & Von Aster, 2008). Specifically, it is estimated that 6 to 8% of students in the
world have dyscalculia (Sharma, 2020, as cited in Kunwar et al., 2021), and around 5% are
in primary schools (Kaufmann & Von Aster, 2012). This is underpinned by the results of
the two independent studies in India, in which prevalence rates reached 5.98% and 5.54%
in all primary school children (Ramaa & Gowramma, 2002). Kucian and Von Aster
(2015), as well as Jovanovi¢ et al. (2013), have found that dyscalculia is more prevalent
among boys than girls. However, there are studies that contradict this finding. Statistics
from Austria (Landerl & Moll, 2010) and Pakistan (Ashraf & Najam, 2020), indicate that
more girls have arithmetic difficulties than boys. There are even discrepancies in gender
ratios among students with dyscalculia within the same study, depending on the
methodology. In the study of Ramaa and Gowramma (2002), the prevalence of dyscalculia
among male and female students was based on the criteria used for the diagnosis. More
boys were identified with dyscalculia when the researchers used diagnostic tests. Yet, more
girls were identified based on the teachers’ observations of students’ strategies when

solving problems which were then reported to the researchers. The prevalence was equal
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for both boys and girls if exclusionary criteria were applied. This means that if students
met all the criteria that exclude all the external factors such as school absenteeism and
include factors such as having an adequate motivation for learning, lagging behind for two
years in arithmetic, and not having serious emotional and/or behavioral issues.
Comorbidity

One of the reasons affecting the prevalence rates of dyscalculia could be comorbid
disorders under which dyscalculia could have been masked. The highest rates of
comorbidity with mathematical learning disabilities belong to reading disabilities (RD) and
attention deficit hyperactivity disorder (ADHD). For a person with dyscalculia, the
possibility of also having dyslexia is 50%, and ADHD 40% (Williams, 2013). If a student
with dyscalculia is also dyslexic, it will be even harder for them to solve word problems as
previously discussed. Indeed, research reveals that students with dyscalculia who also have
RD show worse results in solving word problems than those without RD (Andersson,
2008; Fuchs & Fuchs, 2002, as cited in Chideridou-Mandari et al., 2016). Given these
statistics of comorbidity, the process of identifying one specific learning disability
becomes more difficult, since one disorder may be masked by the second one.
Mathematical Anxiety

As math difficulties often coexist with the other disorders mentioned above, math
anxiety can be an effect of these comorbid difficulties (Kucian & Von Aster, 2015).
Children with dyscalculia typically have a greater degree of math anxiety. For instance,
Kucian et al. (2018) reported that students with dyscalculia had higher math anxiety and
poorer performance in comparison with other children. Interestingly, Mammarella et al.
(2015) discovered that deficits in verbal working memory were specific to children with
math anxiety, and deficits in visuospatial working memory were specific to children with

dyscalculia (as cited in Kucian et al., 2018). However, currently, it is unknown whether
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math anxiety is a cause of dyscalculia, but it surely poses some problems for students with
dyscalculia and affects their learning process by exacerbating the existing condition
(Butterworth, 2005b).

This section has given an overview of several common learning disabilities. The next
sections of the literature review specifically focus on dyscalculia. They discuss its
definition, nature, symptoms, types, and potential causes of the disability. Also, they
discuss different views and theories that exist around dyscalculia in the research field.
Definition, Nature, and Symptoms of Dyscalculia

The term “dyscalculia” was first used in 1940, yet it was only acknowledged in 1974
when Ladislav Kosc defined it as:

...a structural disorder of mathematical abilities which has its origin in a genetic or
congenital disorder of those parts of the brain that are the direct anatomico-
physiological substrate of the maturation of the mathematical abilities adequate to
age, without a simultaneous disorder of general mental functions (p.47).

Kosc’s (1974) study has established that the notion has nothing in common with
mental disabilities which affect people’s intellect and thinking. He further stated that
people differ from each other by their abilities and if developmental dyscalculia (DD) is
present in children, does not mean that abilities are evenly afflicted by the disorder (Kosc,
1974). This means that children with dyscalculia may excel in one area but underachieve in
another. Their intellect may be either low or at an average level regardless of having
dyscalculia.

Kosc (1974) has classified dyscalculia into (1) verbal dyscalculia, (2) practognostic
dyscalculia, (3) lexical dyscalculia, (4) graphical dyscalculia, (5) ideognostical dyscalculia,
and (6) operational dyscalculia. Verbal dyscalculia is when a person is constrained to
recognize the spoken numerical quantities, or vice versa, cannot speak out numerals that

have been shown to them although they can read or write the same numbers. Practognostic

dyscalculia is manifested by the problems with comparing real or illustrated things,
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sequencing them, and understanding concepts such as bigger/smaller, more/less, and other
comparisons. Lexical dyscalculia is present when a child is not able to read math symbols,
operational signs, and multi-digit numbers, cannot distinguish pairs of numbers (6 and 9, 2
and 5, 3 and 8), and may read numbers reversed (17 as 71). Graphical dyscalculia is
demonstrated when a child cannot write numbers or symbols whether it is orally dictated
or if the child should replicate a written number. They may write them inverted or rotated.
Interestingly, a child may be able to write the word for a dictated number, but not the
numerical value. In the literature, the lexical type is also called “numerical dyslexia” and
the graphical type is called “numerical dysgraphia” (Kosc, 1974). It is important to note
that these reading and writing difficulties are specific to the mathematics domain.
Ideognostical dyscalculia is displayed when problems arise in the conceptual
understanding of mathematics. Children cannot solve simple mental calculations and do
not understand the concept of conservation (e.g., “6”, “4+2”, and “2*3” are equivalent to
each other). Finally, operational dyscalculia can be found in children who confuse and
cannot use math symbols correctly, cannot select appropriate math symbols (or strategies)
to solve problems, and continue to use their fingers to count when their peers have
progressed to use other strategies. Despite this classification, the symptoms of different
types of dyscalculia can be combined and found in one child.

Generally, children with dyscalculia have problems with the conceptual
understanding of counting principles: one-to-one correspondence, in which one word
corresponds to one number; stable order, in which the order of the numbers should not be
changed when counting; cardinality, in which the last component of a set also indicates the
quantity of the whole set; abstraction, in which any assortment of objects can form a set
and be counted; order irrelevance, in which the order of the numbers/objects can be

changed, and it does not affect the counting; and counting features which involve standard
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direction and adjacency (an inaccurate belief that objects should be counted consecutively)
(Geary, 2004, p.6). Moreover, children with dyscalculia often have problems with
managing money, time (i.e., telling time from an analog clock, managing time in daily life)
(Williams, 2013), and measurement (i.e., weight, temperature, and speed) (Sousa et al.,
2017). They may struggle with applying the correct methods, formulas, and rules to solve
math tasks; in severe cases, they cannot even solve simple calculations (Sousa et al., 2017).
Besides, it is difficult for them to understand the actual representation of mathematical
formulas (Soares et al., 2018). It is challenging for them to further move to theoretical
interpretations of math concepts (Sousa et al., 2017). Additionally, they have short-term
and long-term memory problems manifested by difficulties in memorizing multiplication
tables, facts, and rules (Williams, 2013). Moreover, they have sequencing and directional
confusion i.e., difficulties in distinguishing between Left and Right, as well as East and
West (Williams, 2013). Furthermore, children with dyscalculia have difficulties in visual-
spatial orientation and lateralization (Michaelson, 2007). They are not able to give
explanations of and grasp information from maps and graphs (Sousa et al., 2017).
Dyscalculia is not itself an effect of poor instruction, reduced intelligence, lack of
motivation, emotional or social problems. Yet, undiagnosed it could exacerbate any
existing difficulties with motivation and emotional issues.
Theories of Dyscalculia

Numerous theories exist around the notion of dyscalculia. They can be grouped into
three main paradigms: neurobiological, cognitive, and educational. While the
neurobiological perspective treats dyscalculia as a neurological disorder, the cognitive
perspective treats it as a working memory deficit. What they both have in common is an
“internalist” view of dyscalculia which views the causes as an innate deficit of

neurological or cognitive mechanisms. In contrast to these first two theories, the
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educational perspective remains externalist, which means that the behavioral features of
dyscalculia are caused by environmental factors (Williams, 2013). These three
perspectives are discussed in more detail below.

Neurobiological Perspective

The theories that fall under the neurological perspective are concentrated around
systems such as the approximate number system (ANS) and object tracking system (OTS)
whose efficiency determines mathematical competency. Neuropsychologists have mainly
focused on investigating the two broad fields as the human brain and the genome. They
define dyscalculia as an innate neurological disability that involves impairments in the
structure and function of relevant areas of the brain and has a genetic predisposition.
Hypotheses that support the idea of the biological causes of dyscalculia are termed domain-
specific core deficit hypotheses. They imply that there are specific brain areas that are
responsible for numerical cognition.

Researchers in the field of dyscalculia who adopted the neurobiological perspective
searched for a core deficit in dyscalculia and argued that there should be a core
characteristic for numerical awareness. These researchers have considered that the
competency to recognize, manipulate, and compare magnitudes is a core characteristic of
numerical skills (Chinn, 2015). These numerical skills are supposed to have neural
correlates in particular regions of the brain. The deficiencies in those brain areas that
constrain this ability were then thought to be a potential cause of dyscalculia. The
hypothesis that supports this view is predominantly known as a deficit in the approximate
number system (ANS) (Mazzocco et al., 2011). It implies that people with dyscalculia
have difficulties in comparing and distinguishing between magnitudes in an approximate
manner with the use of a mental number line. These approximate non-symbolic number

representations or, in other words, number senses are considered to be innate in newborns
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and also in many animal species (Fias, 2016). For the reason that animals and newborns
cannot state the exact number of magnitudes, the term “approximate” is included. This
hypothesis is also known as the number sense theory. ANS acuity is usually tested with a
non-symbolic number comparison task where a child should decide whether one of the two
presented strings of dots contains a greater number of dots (Traff et al., 2017). Research
indicates that children with dyscalculia have less accuracy in ANS than other children
(Mazzocco et al., 2011). Moreover, the results of the study by Mazzocco et al. (2011)
demonstrated that ANS deficiency is a feature characteristic of children with dyscalculia.
Butterworth (2005a) has proposed a second core deficit called numerosity coding. It
states that deficit in an innate number sense that allows recognizing the numerosities
causes dyscalculia. To illustrate this, every day people encounter many numbers in
different forms such as Arabic numerals (2), Roman numerals (II), number words (two),
quantities (e.g., two dots, two books), time (2 o’clock), size, and height (Kucian & Von
Aster, 2015). The common characteristic of these number expressions is that they display
the number of elements (cardinality) in a set, which is the “numerosity” of a set according
to Butterworth (2005a). The ability of subitizing and estimating quantities are the core
elements of this hypothesis (Gillum, 2014). Subitizing is the skill of exactly naming the
number of elements up to three or four, whereas estimating is approximately stating the
number of elements above these numbers (i.e., above four). Another important element of
this hypothesis is that it is not important for the things to be visible, they may be physical,
audible, or abstract; the most important thing is to be able to recognize the numerosities.
Furthermore, Butterworth (2005a) argues that all other difficulties of children with
dyscalculia emerge from a deficit in numerosity, which implies a “lack of intuitive grasp of
numbers” (p.12). For instance, addition and subtraction are usually taught to children

through applying them and manipulating the sets. This means that development of
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arithmetic skills is based on the understanding of numerosities. What Butterworth (2005a)
argues is that if children struggle with subsequent arithmetic concepts, it is due to their
lack of intuitive grasp of numbers.

The neural correlates of the aforementioned domain-specific core deficit hypotheses
suggest that numerical awareness is affected by impairment in the brain area called the
intraparietal sulcus (IPS) (Butterworth, 2005b). Neuroimaging studies have shown that
different functional and structural abnormalities in the brain areas that are responsible for
number processing are mainly located in the intraparietal sulcus (IPS) (Kucian & Von
Aster, 2015), specifically, the horizontal intraparietal sulcus (HIPS) (Dehaene et al., 2003;
Wilson & Dehaene, 2007). Research indicates the functional differences in the brains of
children with dyscalculia as compared to those without dyscalculia. For instance, the study
conducted by Price et al. (2007) revealed decreased IPS activation in DD children in
numerical comparison tasks as compared to their peers with typical IPS functions. Other
studies have found structural differences, reporting less volume of grey and white matter in
IPS in children with dyscalculia compared to typically developing children (Rotzer et al.,
2008; Rykhlevskaia et al., 2009, as cited in Kucian & Von Aster, 2015).

Other researchers have explored multiple brain areas that are involved in numerical
processing. Dehaene et al. (2003) have proposed a triple-code model for number
processing and explained to what extent particular brain areas are involved in numerical
skills. This model hypothesized three mechanisms of representation: a “quantity system”
which is responsible for the non-verbal representation of magnitudes, a “verbal system”
which is responsible for the lexical representation of numbers, and a “visual system” in
which numbers are presented in an array of Arabic numerals (Dehaene et al., 2003). The
model’s neural correlates state that the “quantity system” is affected by the horizontal

segment of the IPS region (HIPS), the “verbal system” is affected by the left angular gyrus
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(AG) and perisylvian areas, and the “visual system” is affected by posterior superior

parietal lobes (PSPL) (Dehaene et al., 2003; Soares et al., 2018). Dehaene et al. (2003)

proposed that these three parietal regions together exist in the process of numerical

cognition and are utilized depending on the nature of the task (Figure 1). The quantity

system located in the HIPS forms the “phylogenetic precursor” of mathematical

proficiency (Fias, 2016, p.3). For example, the study by Thioux et al. (2005) reported that

the HIPS region is specific to the number domain and activates more in response to

number words than other categories of words such as animal names. In the study by

Thioux et al. (2005), participants were given number words and names of animals. The

Figure 1 Three-dimensional Representation of the Parietal Regions of the Brain
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tasks included the comparison of number words (i.e., whether “seven” is bigger/smaller
than “five”) or animal names (i.e., whether a “bear” is fiercer than a “dog”), and a
categorization task (i.e., whether a number is even/odd or an animal is a mammal/bird).
The HIPS activated bilaterally more to numbers than to animal names independent of the
tasks. This is indicative of the specificity of the HIPS region to the number domain and is
convincing evidence for the core deficit hypotheses. Except for the HIPS region, the left
AG and PSPL are not specific to the number domain. The left AG activates more when
verbal representation is required (Dehaene et al., 2003). It is proposed that the left AG is
“part of the language system” and is involved in language-related tasks such as
multiplication, which requires a lexical representation of numbers (Dehaene et al., 2003,
p.494). For instance, research found deficits in both numerical and verbal areas, in which
children with dyscalculia presented with decreased brain activations in response to
multiplication tasks (Berteletti et al., 2014). The PSPLs are involved and active while
contrasting, estimating, and counting the quantities (Dehaene et al., 2003). However, PSPL
is not only related to number processing but also is involved in other functions such as
visuospatial processes, attention, and spatial working memory. For instance, a study has
reported that PSPLs were activated when children subitized or moved their eyes (Simon et
al., 2002, as cited in Dehaene et al., 2003). This means that numerical cognition is a
complex process that involves additional brain areas apart from IPS that affect number
processing. The implication of multiple brain areas signifies that dyscalculia has more
complex causes than was initially proposed by ANS theory (Fias, 2016). It is important to
understand how the brains of children with dyscalculia are different from others. However,
it should also be considered that brain imaging studies are mostly criticized for their
“restricted applicability to education and classroom interventions” (Kaufmann, 2008,

p.167).
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It is accepted among researchers that people have a second system associated with
number processing known as an object tracking system (OTS) (Henik et al., 2011; Traff et
al., 2011; Wilson & Dehaene, 2007). This system involves visuospatial skills which allow
the child to track up to 3 to 4 objects while observing them (Wilson & Dehaene, 2007).
OTS is tested in children by the subitizing task in which participants should exactly name
the number of presented dots. Children with dyscalculia can subitize a maximum of 3 dots,
whereas their peers do this up to 4 dots (Traff et al., 2017). It is accepted that infants
sometimes use their visuospatial skills rather than their innate capacities to recognize
numerosities (Wilson & Dehaene, 2007). However, research remains inconclusive that
deficits in the OTS may cause dyscalculia (Wilson & Dehaene, 2007).

Rousselle and Noel (2007) have presented another view called the access deficit
hypothesis. According to this hypothesis, dyscalculia is caused by the inability to link
symbols to their underlying magnitudes. Access deficit is also characterized as a
disconnection syndrome (Wilson & Dehaene, 2007). This means that the disconnection
between “symbolic numbers and innate magnitude representations” may cause dyscalculia
in children (Skagerlund & Traff, 2014b, p.2). According to this view, people with
dyscalculia may have intact non-symbolic number processing (ANS), but impaired
symbolic number processing which prevents them from connecting the symbols to their
underlying quantities (Wilson & Dehaene, 2007). The neural evidence for this hypothesis
states that the brain of people with dyscalculia fails to link its frontal lobes to the parietal
areas while the child develops (Traff et al., 2017). One study found that white matter in the
brains of children with dyscalculia grew neither in the frontal nor in the parietal regions as
compared to their typically developing peers (Ranpura et al., 2013, as cited in Traff et al.,
2017). These results, as the authors further argue, may provide evidence that dyscalculia is

partially a disconnection syndrome (Rouselle & Noel, 2007).
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Recent research shows that there are deficits not only in number processing but also
in magnitude processing skills (Traff et al., 2017). The deficit in magnitude processing
implies difficulties with other magnitudes apart from numbers such as time and space. This
view is supported by the study of Skagerlund and Traff (2014a), who have found that
children with dyscalculia had deficits not only in the ANS but also difficulties with the
perception of time and processing the spatial information.

Within the neurobiological frame, genetic studies show that dyscalculia runs in
families. For instance, Landerl and Moll (2010) conducted a “family transmission
analysis” of arithmetic difficulties and found that the prevalence rate was higher among
family members of children with mathematical difficulties. The first twin study of
mathematics disability has provided essential evidence for the heredity of dyscalculia. In
that study, 40 identical and 23 same-sex fraternal twins were tested, and it was revealed
that 58% of monozygotic (identical) and 39% of dizygotic (same-sex) twins also had
dyscalculia (Alarcon et al., 1997). In addition, Shalev et al. (2001) discovered that families
and relatives of children with math learning disabilities are ten times more prone to be
identified with dyscalculia than other people (as cited in Geary, 2004).

Research in the neurobiological area emphasizes the brain and genome as potential
causal factors of dyscalculia. Nevertheless, researchers from the cognitive area highlight
the involvement of other cognitive mechanisms apart from biological factors that may
cause dyscalculia.

Cognitive Perspective

The cognitive view of the phenomenon of dyscalculia put forward the existence of

additional deficits which could be affected by non-numerical factors such as deficits in

executive functioning and different components of the working memory (Traff et al.,
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2017). The hypothesis that supports this view can be found in the literature as a domain-
general cognitive hypothesis (Henik et al., 2011; Traff et al., 2017).

Cognitive psychologists one of which is David Geary, suggest that dyscalculia is a
cognitive disorder of working memory. Geary (2004) proposed three main subtypes of
dyscalculia: procedural, semantic memory, and visuospatial. The procedural subtype
implies difficulties in learning and applying basic mathematical procedures which are
proposed to be caused by deficits in verbal working memory, conceptual knowledge, and
attentional control. The semantic subtype implies difficulties in retrieving math facts which
may be due to deficits in long-term memory. Finally, the visuospatial subtype implies
difficulties in the understanding of spatially represented quantities, which involves
problems in geometry, understanding graphs, tables, and using a mental number line
(Geary, 2004). There is a debate among researchers on whether working memory
constitutes a cause of dyscalculia. Some of these researchers have highlighted the absence
of conclusive evidence for a cognitive basis for dyscalculia (Butterworth, 2005a).
However, it is widely accepted that many children with dyscalculia have difficulties
remembering and retrieving mathematical facts (Traff et al., 2017).

The cognitive theory also proposes defective executive functioning as a possible
cause of dyscalculia in children. Executive functions are responsible for broad processes
such as attention shifting, processing speed, updating the information, switching from one
method to another, organization, and planning skills (Karagiannakis & Cooreman, 2017).
This can be seen in a study conducted by Van der Sluis et al. (2003) in which children with
arithmetic difficulties were slower in naming the numbers and quantities than the control
group. Additionally, these children showed deficits in the tasks that tested their processing
speed and cognitive shifting abilities. Similarly, a study by Traff et al. (2017) has found

deficits in the executive function of shifting ability and visuospatial working memory in
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children with dyscalculia. However, the processing speed for the children in this study was
not affected; they named colors and numbers at a normal range of speed. Currently,
literature is inconclusive about the causality of executive function deficits to dyscalculia.
Yet, it is evident that children with dyscalculia present with difficulties in executive
functioning such as attention shifting and processing speed (Traff et al., 2017).
Notwithstanding, there exists another view from the educational researchers on the causes
of dyscalculia, which is discussed further.
Educational Perspective

Some researchers from the field of mathematics education say that dyscalculia does
not exist and instead has emotional and experiential causes which means that the causes
come from external factors (Gifford, 2006). Their view originates from a disagreement
with the whole ideology of the models of disability, specifically with the medical model
(Lindsay, 2003, as cited in Gifford, 2006). They argue that paradigms such as those
proposed in the neurobiological view that stand for the innate nature of the disability use
unfavorable words such as “deficits”, which do not coincide with some teachers' beliefs
about setting an inclusive environment in the classroom with positive anticipation about all
their students (Gifford, 2005; 2006). Educational researchers criticize the cognitive
theories of disability saying that it fits the “medical model” of disability (Lindsay, 2003, as
cited in Gifford, 2006). These researchers explain that it is more concentrated on medical
factors that are “within-child”, whereas environmental factors, socio-cultural diversity,
students’ emotions, and feelings are under-considered. In addition to this, they argue that
concentrating on children’s memory problems may actually produce children with
dyscalculia. Dowker (2004) adds that such “labeling could turn a child’s learning delay

into a deficit” (as cited in Gifford, 2006, p.45). In response to the genetic predisposition of
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dyscalculia, Gifford (2006) emphasizes the “home learning environment” as a possible
bridge that conveys poor math personalities in families.

Researchers have found a link between a child’s family characteristics and academic
performance. The factors such as low socioeconomic status (SES), “home learning
environment” regardless of SES, and parental perspective on math such as mothers’ low
self-confidence in math can cause dyscalculia in children, according to Gifford (2006).
Studies that are based on the view of educational researchers report that mothers’ poor
numeracy skills and low self-esteem in math affect children’s numerical experience and
hence, academic achievement (Young-Loveridge, 1989, as cited in Gifford, 2006).
Evidence suggests that children who belong to low SES families have poorer achievement
scales, and children who were not exposed to the early experience of number learning at
home regardless of SES have lower arithmetic progress than children who were exposed
(Sammons et al., 2002).

Other factors that should be considered according to educational researchers are the
attitudes and feelings of the students themselves. This is evident from the case of some
students who ended the usage of compensating strategies for other disciplines after losing
their math confidence (Bfuzka et al., 2000, as cited in Gifford, 2006). Gifford (2006)
claims that “failure to learn or to demonstrate learning may be due to a child's attitudes
towards the learning or assessment situation” (p.42). Additionally, Gifford and Rockliffe
(2012) state that insufficient “educational experiences” and difficulties in mathematics can
lead to math anxiety and hence hinder the learning of students. Gifford (2006) argues that
there is a need for a more multi-dimensional model of MD, which would consider all the
factors and circumvent the “medical model”. However, a significant part of the scientific

community thinks that these external factors should be considered not as a cause but as
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concomitant factors which should be eliminated before the final diagnosis (Kaufmann et
al., 2012; Kucian & Von Aster, 2015).

Overall, the neurobiological perspective highlights the biological causes of
dyscalculia, the cognitive perspective highlights the working memory deficit, and the
educational perspective highlights the external factors. Although there is an ongoing
debate around the causes of dyscalculia, recently researchers have combined these views
for further investigation of the disability which are discussed in the next section.
Heterogeneity and Types of Dyscalculia

There has been much debate done around the causes of dyscalculia, specifically
whether it is caused by biological factors or also involves domain-general cognitive factors
which is explained in this section. Researchers are gradually agreeing on the presence of
other domain-general factors such as working memory and executive functioning which
may cause dyscalculia (Henik et al., 2011; Karagiannakis et al., 2014; Kucian & Von
Aster, 2015; Traff et al., 2017). More recently, dyscalculia was recognized as a
heterogeneous disability that may involve both neurological factors and cognitive
mechanisms. Kucian and Von Aster (2015) defined dyscalculia as a “heterogeneous
learning impairment affecting numerical and/or arithmetic functioning at behavioral,
psychological and neuronal levels” (p.3). Currently, there seems to be a consensus on
heterogeneity and this proposed definition of dyscalculia.

Some researchers argue that academia should distinguish between two types of
dyscalculia: primary and secondary dyscalculia (Traff et al., 2017). Primary dyscalculia is
considered to be caused by “neurobiological factors” which are specific to the number
domain or in other words domain-specific factors. Secondary dyscalculia, on the other
hand, is explained by cognitive factors or “non-numerical impairments” such as attentional

control, working memory, executive functioning, and processing speed which in other
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words are domain-general factors (Traff et al., 2017). Even if the causal factors are
distinct, a person may display mixed symptoms of both neurological and cognitive
domains. This is evident in the study conducted by Traff et al. (2017), in which they tested
four students for having different deficits. They reported that children with dyscalculia
may have a combination of cognitive and neurological deficits. Only one of the four
investigated students had primary dyscalculia caused by defective ANS and magnitude
processing deficit, which suggests that pure dyscalculia is a rare condition. The other two
students had primary dyscalculia mixed with cognitive deficits, and one student had
secondary dyscalculia entirely caused by domain-general cognitive factors. The authors
further support the suggestion that the term secondary dyscalculia must be applied only
when the difficulties are completely produced by the domain-general factors. Otherwise, in
the presence of both cognitive and neurological factors, considering the core neurological
deficits as the main cause must be seen as a priority issue (Traff et al., 2017). These
findings support the hypothesis of the heterogeneous nature of dyscalculia.

Some researchers have categorized the manifested symptoms according to their
underlying deficits. Karagiannakis et al. (2014) proposed four subtypes of dyscalculia.
They have criticized the subtypes that Geary (2004) proposed from the cognitive view (i.e.,
procedural, semantic memory, and spatial), saying that this categorization is limited
because multiple characteristics can be discovered in one child that belongs to distinct
subtypes. Karagiannakis et al. (2014) have proposed a “multidimensional” model as a
bridge from unidimensional dyscalculia to multifaceted mathematics learning difficulties
(MLD). MLD is a broader term that is used for difficulties in all math domains rather than
dyscalculia which is narrower and includes only the arithmetical domain. The proposed
classification model comprises both domain-specific and domain-general factors that affect

students’ math learning (Karagiannakis et al., 2014, p.2, table 1). The proposed subtypes
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include core number, memory, reasoning, and visual-spatial difficulties of students with
dyscalculia.

1) Core number. This subtype includes deficits in the “ANS, OTS, numerosity
coding, representation of symbols, and access deficit” (Karagiannakis et al., 2014, p.2).
Encountered difficulties are in the arithmetical domain such as number processing,
counting, subitizing skills, placing numbers on a number line, manipulating Arabic
numerals, the ability to convert one form of a number to another as in the “triple-code
model” (quantity, lexical and Arabic digits), and understanding the meaning of
mathematical operation symbols (+-x:);

2) Memory. Memory, which consists of retrieval and processing, includes deficits in
the “working memory (WM), semantic memory, and inhibitions of irrelevant information
from entering WM” (Karagiannakis et al., 2014, p.2). Encountered difficulties are in all
math domains. Manifested difficulties are poor extraction of math facts, understanding of
mathematical terms, understanding and solving verbally presented tasks and rules,
incorrect mental calculation, poor memorization and use of formulas, and inability to
follow the steps required in arithmetic problems;

3) Reasoning. This subtype includes various executive functions such as “entailment,
inhibition (not connected to WM), updating relevant information, shifting from one
operation-strategy to another, updating and strategic planning, decision-making”
(Karagiannakis et al., 2014, p.2). Encountered difficulties are in all math domains.
Children show difficulties in understanding mathematical concepts, solving and
understanding the multiple steps in solving complicated problems, and understanding the
logic of fundamental math rules;

4) Visual-Spatial. This subtype includes deficits in “visuospatial working memory,

and visuospatial reasoning/perception” (Karagiannakis et al., 2014, p.2). Encountered
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difficulties are in written arithmetic, geometry, algebra, analytical geometry, and calculus.
Children exhibit problems with understanding the visual representation of math concepts
such as geometric figures or notation systems, inaccurate calculation in written form,
visualizing and evaluating the three-dimensional geometric figures when mental rotation is
required, understanding and interpreting tables, graphs, and maps.

In view of the primary/secondary dyscalculia, the presence of core number subtype
would be primary, whereas other remaining subtypes would be considered as secondary
dyscalculia. This model is suggested by Karagiannakis et al. (2014) as being applicable to
mathematics education and classroom interventions. Moreover, it may stand as an
instrument that helps mathematics teachers both at primary and secondary levels of
education (Karagiannakis et al., 2014). The model can help mathematics teachers in the
early identification of profiles of math difficulties of children which in turn will assist in
providing proper support to them.

In conclusion, this section has provided an information on the heterogeneity and
subtypes of dyscalculia. However, at present, no information is available on whether
differentiating between biological factors and cognitive impairments positively affect the
“diagnostic accuracy or interventional outcomes” (Kaufmann et al., 2013, p.4). In other
words, knowing about the heterogeneity of the disability does not influence accurate
diagnosis and successful interventions. The following section presents an information on
the diagnosis of dyscalculia.

Diagnosis

To date, there is no universal and standardized instrument for the diagnosis of
dyscalculia. This is due to the inconsistencies around the definition of this disability as
discussed in previous sections. The literature provides tools used for the diagnosis of

dyscalculia which can be either curriculum-based or neuropsychological (Kaufmann &
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Von Aster, 2012). The following criteria are curriculum-based tools that are used to
identify the learning disability dyscalculia:

1) Discrepancy criterion. Identification of dyscalculia is made if there exists an
extensive gap between students’ intellectual quotient (IQ) and overall performance in
mathematics (Shalev & Von Aster, 2008; Williams, 2013). Currently, using IQ in the
identification process is recognized as not an objective measure of the disability. It is
evident from research that children with low and average 1Q present with the same forms
of math difficulties (Ehlert et al., 2012, as cited in Kucian & Von Aster, 2015). According
to the American Psychiatric Association (APA) (2013) in the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5), the requirement of the diagnosis that pupils’
academic achievement should be lower than their IQ was also removed. Otherwise, pupils
with low 1Q would be barely identified as having dyscalculia based on the discrepancy
model since their mathematics achievement should have been remarkably low (Kucian &
Von Aster, 2015).

2) Severity criterion. This model uses cut-off points in standardized educational tests
to show the degree of the severity of the condition (Geary, 2004; Shalev & Von Aster,
2008; Williams, 2013). These cut-off points differ from study to study, assuming that DD
students should fall under the lowest 10-25th percentile on standardized tests. As
children’s progress is not static and changes over time, Kaufmann et al. (2013) recommend
that it should be retested during an academic year, especially for those children falling
under the 10th percentile.

3) "Resistant to intervention (RTI)” criterion. When a child does not react to any of
the initiated interventions, it is a plausible criterion for the identification of dyscalculia
(Shalev & Von Aster, 2008; Williams, 2013). The RTI model is a three-level procedure

that is aimed to identify students who are at-risk at an early stage (Soares et al., 2018). This
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model, overall, depicts the large number of students educated in general classrooms, with a
lesser number of students (at some risk) getting supplementary assistance, and a few
numbers of students (at high risk) getting exhaustive educational support (Soares et al.,
2018). According to this model, those students who do not respond to any of the initiated
additional support will be recognized as possibly having dyscalculia.

4) “Two-year achievement delay” criterion. If a child lags in performance behind
age-matched peers with a two-year academic gap, then it is considered as a reasonable
diagnostic criterion (Shalev & Von Aster, 2008).

In addition to these curriculum-based methods, some researchers developed special
diagnostic tools such as Dyscalculia Screener (Butterworth, 2003) and Number Sense
Screener (Jordan et al., 2010) that will help to diagnose dyscalculia in children (see
Appendix A for more information).

Apart from the educational diagnostic tools, neuroimaging studies put forward the
value of eye-tracking data (Van Viersen et al., 2013) and functional magnetic resonance
imaging (fMRI) methods (Dinkel et al., 2013) to diagnose dyscalculia in children. Specific
patterns of brain and eye-movements that are obtained from these methods are used in the
diagnosis of dyscalculia. Although these methods have a strong potential as a promising
tool for the diagnosis of the disability, tools such as MR scanner and eye-tracker are not
accessible for educators because of their availability only for the scientific community
(Appendix A).

It is important to note that possible comorbidities and exogenous factors such as
brain damage, poor instruction, and low intelligence should be eliminated before the final
diagnosis. As Kucian and Von Aster (2015) caution “In view of the multiplicity of the
functional components participating in these disturbances”, it is obvious that the

assessment of disability should comprise the investigation of “a thorough personal,
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familial, and scholastic developmental history” (p.5). Kaufmann et al. (2012) also
highlighted the importance of considering cognitive factors, social and emotional well-
being, and results from brain imaging studies where needed. The final decision should be
made based on the testing, clinical examination, and history taking, followed by
psychosocial assessment (Haberstroh & Korne, 2019).

To sum up, to diagnose dyscalculia, only factors such as hereditary or neurological
should be considered. External factors should be excluded for being a possible cause for
children’s difficulties. It is important to know that external factors do not cause
dyscalculia. However, their presence may pose significant problems for children’s learning
process. Early and successful diagnosis of dyscalculia will lead to effective and targeted
forms of interventions which are discussed in the next section.

Interventions to Support Students with Dyscalculia

It is important to identify dyscalculia as early as possible to provide proper support
and assist students in learning. A strong and rigorously designed teaching strategy
contributes greatly to the educational achievements of any student including students with
dyscalculia (Karagiannakis & Cooreman, 2015). A review of the literature revealed two
types of interventions - educational and behavioral. Educational methods are aimed to
increase students’ understanding of math procedures, whereas behavioral ones are intended
to reduce math anxiety and form positive attitudes towards mathematics.

Educational Interventions

The literature provides some educational methods on enhancing DD students’
reading comprehension, math problem-solving skills, and word problem solving skills
which include techniques such as breaking the whole into smaller parts, starting with

concrete then moving to abstract, using highlighters to solve word problems, using
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postcards that are helpful in memorization of facts, reviewing the learned material, and
instructing in small groups (Trott, 2003; Wadlington & Wadlington, 2008).

Ise and Schulte-Korne (2013) have conducted a study that aimed to identify the
effectiveness of strategies to support students with dyscalculia (as cited in Kucian & Von
Aster, 2015). The study showed the intervention is most effective if it is individualized
teaching, and/or is aligned with and tailored to the child’s academic success rates.
Furthermore, lessons which are arranged in a structural manner that starts with concrete
then moves to abstract notions, involving “curricular” and “non-curricular” arithmetic
themes, as well as repeating activities to retain knowledge identified to be effective
strategies. Similarly, in the study by Re et al. (2014, as cited in Monei & Pedro, 2017)
individualized instruction has enhanced students’ mental and written calculation skills.
Moreover, it is argued to be effective especially for severe and mild math difficulties.

Using technology and working in small-groups are identified as effective in
supporting many students with dyscalculia (Monei & Pedro, 2017). For instance, the math
achievement of children with dyscalculia has increased from using computer-based digital
interventions (Benavides-Varela et al., 2020; Syah et al., 2015). Working in small-groups
helped children with dyscalculia to become more competent and fluent in arithmetic tasks
since it allowed instructors to apply interventions intensively and explicitly (Monei &
Pedro, 2017).

“Strategy instruction” interventions stand as an effective student-centered approach
that is aimed to help students to focus on the primary and important information in the task
rather than on secondary information. It includes techniques such as highlighting the
keywords, using visual materials and providing clear instructions that are used to guide

students to understand math concepts (Monei & Pedro, 2017).
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Karagiannakis and Cooreman (2015) have proposed interventions according to every
four subtypes that were presented in the heterogeneous view of the disability as discussed
before. They stress the importance of focusing on the strengths of students rather than on
weaknesses; this will allow them to compensate for their impairments. This means that
students will be able to use their strengths to learn and achieve in mathematics.

Core number. The first set of interventions concerns the difficulties in core number
concepts. Karagiannakis and Cooreman (2015) suggest that for the core number subtype,
interventions that are aimed to explain the link between the numbers and their
mathematical notations using real-world examples are beneficial (i.e., fingers, stairs, cards,
money, and hands). For example, teachers can use the stairs to explain the counting
principles, and also use hands to explain the meaning of the symbol “=" in which students
should balance the amount in two hands. Many repetitions are also useful. Some children
are strong in “reasoning” and “visual-spatial” areas, where logic is important and no
numerals are needed, respectively. Thus, expanding their abilities in these fields should be
a priority and long-term goal. For instance, allowing the use of calculators will help them
overcome their difficulties in this primary core number area.

Visual-Spatial. The second set of interventions are related to the visual-spatial
difficulties of DD students (Karagiannakis & Cooreman, 2015). As large numbers,
geometric figures, rotations, symmetry, graphs, and tables all are challenging for students
with dyscalculia in this group, supporting them with visual aids is beneficial. For example,
teachers can use colorful pens to highlight the figures or words in some topics of geometry.
Clear instructions should be provided and connections should be made between real-life
and math topics in which visual interpretation and visualization are needed. The best
support is verbal for this type of students. Verbal clues may be given but not

simultaneously with the visual information. It is important to keep their attention on either
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the visual or verbal information. Evidence suggests that fostering the abilities close to
language skills to be able to understand word problems, fostering listening comprehension
skills, and improving visuospatial comprehension by providing physical and hands-on
activities are proven to be effective in increasing DD students’ mathematical achievement
(Faramarzi & Sadri, 2014).

Memory. The third set of interventions concerns memory. Karagiannakis and
Cooreman (2015) recommended to explain the logic and how the task should be solved
rather than presenting a list of steps that should be done to solve the problem for DD
students in this subtype. However, the students, especially their memory, should not be
overwhelmed by long instructions. Providing them with tables, graphs, formulas, and
“structured algorithms” will help students to remember and learn math facts. Many
repetitions are also needed for students to reach automaticity to solve problems. Faramarzi
and Sadri (2014) have reported that fostering active memory by repeating and recalling the
learned material was discovered to be effective educational support. Moreover, stimulating
memory has been shown to be positively correlated with academic math achievement in
children with dyscalculia (Faramarzi & Sadri, 2014).

Reasoning. The fourth set of interventions concerns reasoning skills (Karagiannakis
& Cooreman, 2015). The students that have a “reasoning” subtype often start to fail when a
formula or a rule should be applied to the problem. They need an example to get back and
look for the algorithm of how the problem should be solved. They tend to rely on
memorized rules and formulas as they have a good memory. This strength can be helpful
for them for some time, but not in all math domains. It is beneficial for them to say out
loud the process of solving the problem to promote their thinking. It is also important to
show the connections between math and real life. These students fail when abstract topics

are introduced because in these topics executive functioning and reasoning skills are
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required. It is comfortable for them to follow the provided steps to solve the problem. They
should be taught to find the key information and signs needed to solve the problem
according to Karagiannakis and Cooreman (2015). It is proven that stimulating the visual
and auditory attentional control by visual and auditory aids, respectively, as well as
training executive functions by teaching students to organize and arrange their time and
goals are effective educational methods (Faramarzi & Sadri, 2014).

Behavioral Interventions

Researchers have given a little attention to behavioral interventions compared to
aforementioned educational interventions. Behavioral interventions are focused on the
psychological well-being of children with dyscalculia and are aimed at helping them to
overcome math anxiety. The suggested interventions include ensuring a positive
environment in the classroom, praising success, role modeling such as stories of famous
people as Einstein, Churchill who overcame their learning difficulties, as well as fostering
favorable attitudes towards math (Wadlington & Wadlington, 2008). Research indicates
that motivating children by acknowledging and praising them, as well as using techniques
that help them to overcome their math anxieties are proven to be effective in supporting
those students (Ise & Schulte-Korne, 2013, as cited in Kucian & Von Aster, 2015).

In conclusion, despite the view that dyscalculia is a persistent disability, adequate
support, and early identification could reduce its consequences for a child (Sousa et al.,
2017). If not assisted on time, dyscalculia may hamper children’s educational perspectives
and bring problems with employability in adulthood (Soares et al., 2018). Although
dyscalculia is not the result of inappropriate instruction and teaching methods, having
adequate knowledge and applying it, will positively influence the process and lead to a
more successful intervention. The next section specifically explains how teachers

themselves understand dyscalculia and handle it in their pedagogy.
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Teachers’ Awareness of Dyscalculia

Teachers are at the forefront of working with students who have learning disabilities.
Their role is central in early identification and providing interventions for their students.
This makes their awareness of learning disabilities such as dyscalculia very important. This
section provides a review of the literature which has focused on teachers’ awareness of the
definition and nature of dyscalculia, recognizing its symptoms, and intervention methods.
Also, it discusses how primary and secondary school mathematics teachers compare in
their awareness of dyscalculia. The relationship between teachers’ exposure to the
phenomenon of dyscalculia and their level of knowledge is also discussed.
Teachers’ Awareness of the Definition and Nature of Dyscalculia

Research reveals different general level of knowledge among teachers in different
countries. Teachers in some countries seem to have a better knowledge of the definition
and nature of dyscalculia (Chideridou-Mandari et al., 2016; Kunwar & Sharma, 2020;
Sousa et al., 2017, Table 1). However, research identified widespread confusions about
some aspects of teachers’ knowledge. Although most teachers in Nepal reported to be
aware of dyscalculia, they have limited knowledge in other aspects of dyscalculia such as
the causes of this disability (Kunwar & Sharma, 2020). Similarly, most teachers in Greece
knew the innate nature of dyscalculia, its prevalence and that dyscalculia is not the result
of a poor instruction (Chideridou-Mandari et al., 2016). Yet they tended to blame school
absenteeism and reduced intelligence for dyscalculia rather than their own teaching
strategies. These research findings show that even those teachers who have some
familiarity with dyscalculia may have a different understanding of what they know about
this disability.

Other studies reveal even more confusion and lack of awareness about dyscalculia

among teachers. Many studies indicate that teachers have not heard about dyscalculia at all
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Table 1 Review of the Literature: Teachers’ Knowledge of the Definition and Nature of Dyscalculia

#  Studies (Adequate level) Definition and Nature of Dyscalculia
1 Chideridou-Mandari et al. Majority of teachers (between 69-86%) had moderate level of knowledge about the definition and nature of
(2016) dyscalculia.
86% of teachers knew the prevalence and innate nature of dyscalculia.
83% of them knew that dyscalculia is not the result of a poor instruction.
31% of teachers thought that students’ school absenteeism was a cause for dyscalculia.
Only 40.4% of teachers correctly answered to all questions about nature of dyscalculia.
Most teachers had limited knowledge of the symptoms of dyscalculia.
2 Kunwar and Sharma (2020) 67.33% of teachers reported to know the definition and nature of dyscalculia. Yet, very few (17%) had good
knowledge of all dimensions of dyscalculia, including the definition and nature, symptoms, and interventions.
3 Sousaetal. (2017) 75.4% of teachers have heard about dyscalculia.
Having heard about dyscalculia predicted a higher level of knowledge about the definition and nature of it, but did
not improve teachers’ knowledge on the symptoms of dyscalculia.
Studies (Low level) Definition and Nature of Dyscalculia
1 Diasetal. (2013) 45.2% of teachers reported that they do not know what dyscalculia is.
2 Fuand Chin (2017) 57.5% of teachers reported that they do not know what dyscalculia is.
66.3% - perceived that dyscalculia is highly uncommon across children.
62.5% - associated it as a synonym for math anxiety.
55% - think that students with dyscalculia also have dyslexia.
3 Graves (2018) 51.1% of teachers have not heard the term dyscalculia.
62.3% reported to not know what dyscalculia is.
4  Karasakal (2018) 51% of teachers reported that they do not know what dyscalculia is.
Majority of teachers were not aware of the term dyscalculia, they used the term “learning disability”.
5 Kunwar et al. (2021) Majority of teachers have not heard the term dyscalculia before (4 out of 6 teachers).
Moreover, some teachers associated it with math anxiety, disliking the subject, and mental disabilities.
6  Sezer and Akin (2011) All of 10 teachers were not aware of the term dyscalculia, they used the term “learning disability”.

Several teachers think that math anxiety and attention deficit are main characteristics of students with dyscalculia.




TEACHERS’ AWARENESS OF DYSCALCULIA 40

(Graves, 2018; Karasakal, 2018; Kunwar et al., 2021; Sezer & Akin, 2011) or do not know
what it is (Dias et al., 2013; Fu & Chin, 2017, Table 1). For instance, in Turkey teachers
were not aware of the term dyscalculia; they described the students as having a “learning
disability” instead (Karasakal, 2018; Sezer & Akin, 2011). Karasakal (2018) reported that
half of the participants did not accept that dyscalculia is a real disability that may bring
distress for students as well as alter their behavior. Consequently, many teachers did not
know how to support such students and tried to get help from other specialists. In another
study in Malaysia, more than half of the teachers did not know the definition and
prevalence of dyscalculia (Fu & Chin, 2017).

It is known from literature that dyscalculia can be accompanied by other learning and
behavioral disabilities. The most common are dyslexia and ADHD as well as other factors
such as math anxiety (Kucian et al., 2018; Williams, 2013). The risk is that educators may
not notice the dyscalculia underlying these contributing factors. Fu and Chin (2017)
reported that teachers thought dyscalculia was a synonym for math anxiety. Moreover,
over half of the teachers thought that students with dyscalculia always have dyslexia.
Comparably, Dias et al. (2013) found that teachers think that students who have a deficit of
attention (65%) or not interested in mathematics (68%) may have dyscalculia. At the same
time, the majority of teachers (84.1%) knew that not every student with dyscalculia might
also have dyslexia. The same was reported by Kunwar et al. (2021) that some teachers
associate dyscalculia with math anxiety and disliking the subject. Moreover, some teachers
associated it with intellectual disability.

A significant body of research demonstrates poor knowledge of the causes of
dyscalculia among teachers (Table 2). For instance, majority of teachers in Nepal did not
know the causes of dyscalculia, indicating only external factors such as poor instruction

and low performance (Kunwar & Sharma, 2020; Kunwar et al., 2021). Studies in other
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Table 2 Review of the Literature: Teachers’ Knowledge of the Causes of Dyscalculia

Studies Causes

1 Kunwar and Reported causes: students’ low performance, home and school
Sharma, 2020 environment, language problems, math anxiety

2 Kunwar et al., Reported causes: poor instruction, home atmosphere, students’
2021 low self-efficacy in math

3 Diasetal., 2013 Brain damage (49.2%)
Emotional problems (44.4%)

4 Fuand Chin, 2017 Lack of attention (60%)
Brain damage (51.2%)

5 Karasakal, 2018 Heredity (28%)
Lack of attention (20%)

countries identified confusions about teachers’ knowledge of the causes of dyscalculia. On
the one hand teachers in Turkey knew that heredity is a main cause for dyscalculia, but at
the same time they thought that a lack of attention can cause this disability (Karasakal,
2018). Similarly, teachers in Brazil and Malaysia reported brain damage along with other
factors such as students’ lack of attention (Fu & Chin, 2017) and emotional problems to be
primary factors which cause dyscalculia in students (Dias et al., 2013).

These findings demonstrate that teachers have low levels of knowledge of the
definition and nature of dyscalculia. Research shows that the more knowledge and
understanding teachers have about the phenomenon of dyscalculia, the better they can
support children with dyscalculia in learning mathematics (Butterworth et al., 2011, as
cited in Sousa et. al, 2017). However, only knowledge about the nature of the disability is
insufficient to recognize students with dyscalculia (Chideridou-Mandari et al., 2016). To
recognize and provide proper and effective educational support, it is important to be aware
of manifestations of dyscalculia in the classroom. The following subsection provides a

review of the literature on teachers’ knowledge regarding the symptoms of the disability.
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Teachers' Awareness of the Symptoms of Dyscalculia

Even if teachers in the studies described before did not fully understand the nature of
the phenomenon of dyscalculia, they were able to report some symptoms that students with
dyscalculia manifest and struggle with (Table 3). Further, the discussion is made according
to the type of difficulty such as core number, visual-spatial, behavioral, reasoning and
memory difficulties.

Several studies report that teachers have adequate knowledge of the symptoms of DD
students related to core number concepts such as working with numbers or sequencing
elements (Dias et al., 2013; Fu & Chin, 2017; Graves, 2018); visual-spatial such as
confusing the directions (Fu & Chin, 2017); behavioral such as struggling to explain their
answers (Chideridou-Mandari et al., 2016); memorization problems and reasoning
difficulties such as poor problem solving skills and understanding of math symbols
(Chideridou-Mandari et al., 2016; Fu & Chin, 2017; Sezer & Akin, 2011).

However, research identifies discrepancies among teachers’ knowledge of these
aspects of the symptoms of dyscalculia. This means that even if teachers knew some
symptoms, yet they did not know other characteristics of students with dyscalculia. For
instance, even if the majority of teachers in Greece knew that students with dyscalculia
have difficulties that require reasoning skills such as weight and length issues, only a
minority knew that they also have difficulties with telling time and exchanging money
(Chideridou-Mandari et al., 2016). Moreover, the majority of teachers believed that solving
word problems is just because of students’ comprehension difficulties of the task.
Furthermore, the most falsely believed symptom was that students can solve arithmetic
algorithms if they are given enough time. However, limited time is not the only reason for
their difficulties (Chideridou-Mandari et al., 2016). Similarly, teachers in Brazil have

limited knowledge about DD students’ difficulties requiring reasoning skills such as
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Table 3 Review of the Literature: Teachers’ Knowledge of the Symptoms of Dyscalculia (by types)
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Types Adequate level Low level
Core o 82.5% - difficulties with sequencing elements (Fu & Chin, 2017). e 45-46% - poor organization of numbers, and
number e 69.8% - difficulties with sequencing elements (Dias et al., 2013). difficulties in counting and calculations
e  Teachers knew the symptoms associated with dyscalculia such as difficulties in number (Kunwar et al., 2021).
sense, reading, understanding, and working with numbers (Graves, 2018).
Reasoning e 99% - difficulties with linking arithmetic terms to their symbols (Chideridou-Mandari e 58% - difficulties with telling the time
et al., 2016). (Chideridou-Mandari et al., 2016).
e 95% - difficulties in choosing correct operation to solve problems (Chideridou-Mandari o 60% - difficulties with exchanging money
et al., 2016). (Chideridou-Mandari et al., 2016).
e 82% - difficulties with weight and length issues (Chideridou-Mandari et al., 2016). e 2 0of 10 teachers - difficulties with exchanging
e 67.5% - difficulties with the perception of time (Fu & Chin, 2017). money (Sezer & Akin, 2011)
e 7 0f 10 teachers - lack of problem-solving skills (Sezer & Akin, 2011). e 36.5% - difficulties with solving word problems
(Dias et al., 2013).
e 55.6% - difficulties with comparing quantities
by using terms “bigger/smaller” (Dias et al.,
2013).
e 60.3% - difficulties in measurement (time,
distance, weight) (Dias et al., 2013).
e 58.8% - difficulties in measurement (Fu & Chin,
2017).
Visual- e 67.5% - difficulties in confusing left/right directions when speaking out (Fu & Chin, e 55% - difficulties in representing word problems
Spatial 2017). visually (Chideridou-Mandari et al., 2016).
e 63% - difficulties in interpreting diagrams
(Chideridou-Mandari et al., 2016).
Memory *  91% - difficulties with retrieval of basic math facts (Chideridou-Mandari et al., 2016). e 52.8% - poor memorizing of math facts and
e 73% - difficulties in memorizing multiplication tables (Chideridou-Mandari et al., symbols (Kunwar et al., 2021).
2016).
e 9 0f 10 teachers - difficulties in memorizing multiplication tables (Sezer & Akin, 2011).
e 67.5% - difficulties with keeping in mind phone numbers (Fu & Chin, 2017).
Behavioral e 93% - difficulties with explaining their answers (Chideridou-Mandari et al., 2016). e 61.9% - DD students appear to be frustrated and

84% - respond to word problems impulsively (Chideridou-Mandari et al., 2016).

anxious in math lessons (Dias et al., 2013).
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solving word problems, issues of measurement, and comparing things with terms such as
“bigger/smaller” and “more/less” (Dias et al., 2013). Moreover, these teachers had limited
knowledge of behavioral difficulties of DD students such as being frustrated and anxious
in math lessons (Dias et al., 2013). A study conducted in Nepal revealed that teachers lack
knowledge about DD students’ core number difficulties such as poor organization of
numbers, as well as difficulties in counting and calculations (Kunwar et al., 2021). Despite
memory difficulties being the most commonly known symptom among teachers in other
studies, most teachers in Nepal did not know that DD students struggle with memorization
of math facts and symbols (Kunwar et al., 2021). In addition, teachers in Greece lacked
knowledge about visual-spatial difficulties of students with dyscalculia such as difficulties
in interpreting diagrams and representing word problems visually (Chideridou-Mandari et
al., 2016).

The evidence presented thus far shows moderate to low levels of teachers’
knowledge regarding the symptoms of dyscalculia. Having a solid knowledge of students’
characteristics positively impacts the way teachers instruct them (Ernest, 1989, as cited in
Chideridou-Mandari et al., 2016). This means that the more they know about symptoms,
the more effective they become in their instructions. Teachers’ awareness about
interventions to support students with dyscalculia is discussed further in the next section.
Teachers’ Awareness of Interventions for Students with Dyscalculia

Evidence shows that teachers are relatively better aware of the intervention strategies
than the nature and symptoms of dyscalculia. This section discusses teachers’ knowledge
of intervention methods through the prism of educational and behavioral methods that
teachers in different countries believe to be effective in supporting students potentially

having dyscalculia.
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The review of the literature identified most frequently used teaching strategies
among teachers to support their struggling students (Table 4). For instance, many teachers
in the USA and Turkey believed visual aids (Graves, 2018) and hands-on manipulatives
(Graves, 2018; Sezer & Akin, 2011) would best support DD students. As one teacher
explain “for instance, to help students understand graphing, I lay out a coordinate plane on
the floor and have students graph themselves. When they [the students] begin working
with linear equations, I give them strings to make the lines.” (Graves, 2018, p.46).
Similarly, teachers in Turkey emphasized activity-based teaching as an effective
educational intervention (Sezer & Akin, 2011). Moreover, the use of online resources and
multimedia was believed to be effective in teaching students with dyscalculia by teachers
in the USA and Nepal (Graves, 2018; Kunwar et al., 2021). Furthermore, teachers in these
countries reported that teaching in small groups, one-on-one and student-centered
instruction would best support DD students in learning mathematics (Graves, 2018;
Kunwar et al., 2021). Teachers in many studies mostly provided extra individual support
for their struggling students (Graves, 2018; Sezer & Akin, 2011; Kunwar & Sharma, 2020;
Kunwar et al., 2021). However, they also believed that students would benefit from one-to-
one support from a specialist (Graves, 2018; Karasakal, 2018).

Apart from these findings, Kunwar et al. (2021) revealed behavioral interventions
that are mainly used for reducing math anxiety in children. Teachers were aware of the
behavioral interventions even if they did not know the causes and symptoms of
dyscalculia. Strategies they used involved developing in students a positive attitude
towards mathematics, setting a positive atmosphere in the classroom, encouraging the
active involvement of students in and out of the classroom, role modeling of famous
people, motivating students to learn, encouraging students not to give up, and taking

numerous attempts to succeed.
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Table 4 Review of the Literature: Teachers’ Knowledge of the Interventions to Support Students with Dyscalculia

#

Studies

Educational Interventions

1

Sezer and Akin (2011)

Teachers mostly used hands-on projects, activity-based teaching as well as emphasized the use of peer consulting and
many repetitions, as well as extra individual support/lesson.

2

Graves (2018)

The educational strategies teachers reported included the use of (1) “multiplication tables”; (2) “manipulatives and visual
aids”; (3) “online resources”; (4) “assistive technology” including calculators; (5) mini-groups, and one-on-one
instruction; (6) “support and extra practice’’; as well as (7) “standard IEP accommodations” such as giving extra time,
different tasks, “preferential seating”, and allowing students to work in a remote place (Graves, 2018, p. 45).

About more than half of the teachers believed that students would benefit from one-to-one support from a specialist and
used a co-teaching strategy when a student with dyscalculia was present in the classroom.

One teacher mentioned a visual representation of mathematical ideas. As they explain “for instance, to help students
understand graphing, I lay out a coordinate plane on the floor and have students graph themselves. When they [the
students] begin working with linear equations, I give them strings to make the lines.”, and another teacher explained use
of “hands-on manipulatives to make abstract concepts concrete; IXL for individualized instruction and practice; use of
calculators; extended teaching time through a flex class period; additional support through a 45-minute intervention
class.” (Graves, 2018, p.46).

Kunwar and Sharma (2020)

An effective and exhaustive instruction was adopted by teachers as educational interventions.

Kunwar et al. (2021)

Teachers reported using multimedia, student-centered teaching as well as providing help and extra support to students
with dyscalculia.

Karasakal (2018)

Teachers reported to not know how to treat students with dyscalculia. However, they tried to understand their students,
motivated them to learn mathematics, worked with concrete problems, and sought help from psychologists and parents,
advising them to refer the student to a specialist.

Studies

Behavioral Interventions

Kunwar et al. (2021)

Strategies that teachers used involved developing in students a positive attitude towards mathematics, setting a positive
atmosphere in the classroom, encouraging the active involvement of students in and out of the classroom, role modeling
of famous people, motivating students to learn, encouraging students not to give up, and taking numerous attempts to
succeed.
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In summary, research revealed adequate knowledge of the intervention methods
among teachers. Although teachers had low levels of awareness about dyscalculia, they
instinctively tried to assist their students who have difficulties in mathematics.
Mathematics is a complex subject, different at primary and secondary school. Teachers
that educate students at these levels may have different views of students’ math
development. Thus, as one of the main purposes of this study, the next section looks at
how primary and secondary school teachers vary in their awareness of dyscalculia.

How Primary and Secondary School Teachers Differ in Their Awareness of Dyscalculia

Teachers teaching at different grade levels may have different views about students’
difficulties in mathematics learning. One of the main aims of this study is to compare the
primary and secondary teachers’ awareness of dyscalculia. It is important to note that the
primary level in Kazakhstan includes grades 1 to 4 and the secondary level involves grades
5 to 11. Moreover, mathematics teachers in secondary school in Kazakhstan teach not all
the subjects as primary school teachers do, but rather only mathematics. Thus, studies that
have focused purely on the primary (Fu & Chin, 2017; Kunwar & Sharma, 2020; Kunwar
et al., 2021) and secondary levels (Chideridou-Mandari et al., 2016; Graves, 2018) are
discussed further in this section.

Research identified that teachers’ knowledge of the definition and nature of
dyscalculia, its symptoms, and intervention methods does not differ by grade levels they
teach. Little was known about the definition and nature of dyscalculia equally by teachers
at both levels of education (Chideridou-Mandari et al., 2016; Fu & Chin, 2017; Graves,
2018; Kunwar et al., 2021), although adequate knowledge has also been found in some
studies (Chideridou-Mandari et al., 2016; Kunwar & Sharma, 2020). Interestingly, several
studies have reported that primary teachers have associated dyscalculia with math anxiety,

and disliking the subject (Fu & Chin, 2017; Kunwar et al., 2021). Teachers at both levels
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equally declared the external factors as the cause of dyscalculia (Chideridou-Mandari et
al., 2016; Fu & Chin, 2017; Kunwar et al., 2021). At the same time, they knew that
dyscalculia is not the result of a poor instruction (Chideridou-Mandari et al., 2016; Fu &
Chin, 2017).

Moreover, both primary and secondary teachers were able to report some symptoms
of dyscalculia despite having limited knowledge about its definition and nature. Teachers
at both levels knew the symptoms associated with core number concepts and memory
issues (Chideridou-Mandari et al., 2016; Fu & Chin, 2017; Graves, 2018). However,
teachers’ knowledge of the symptoms associated with reasoning skills were divergent for
both primary and secondary levels. Although teachers at both levels equally knew certain
symptoms requiring reasoning skills (Chideridou-Mandari et al., 2016; Fu & Chin, 2017),
at the same time, they equally did not know that DD students also have difficulties with
measurement (Fu & Chin, 2017), time, and exchanging money (Chideridou-Mandari et al.,
2016).

Teachers’ awareness of the interventions was equally good at both levels of
education compared to their knowledge of the symptoms and nature of dyscalculia
(Graves, 2018; Kunwar & Sharma, 2020; Kunwar et al., 2021). Teachers at both levels
reported the use of different educational strategies that are aimed at improving learners’
math achievement. Nevertheless, primary teachers in Nepal also mentioned behavioral
interventions that are aimed to reduce math anxiety and motivate children to learn
mathematics (Kunwar et al., 2021).

As evidence shows no explicit difference is found between primary and secondary
teachers’ knowledge of dyscalculia. The next section discusses how teachers’ previous
exposure to the phenomenon of dyscalculia is related to their level of knowledge about this

disability.
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Exposure to the Phenomenon of Dyscalculia and Teachers’ Level of Knowledge About
Dyscalculia

Teachers’ previous exposure to the phenomenon of dyscalculia can be either
theoretical such as learning about it in any of the pre-service, in-service teacher training
courses, from colleagues/friends, as a self-study, or experiential such as having
encountered students with math difficulties as suspected cases of dyscalculia. Many studies
over the past years have emphasized the importance of teachers’ theoretical exposure to the
phenomenon of dyscalculia (Chideridou-Mandari et al., 2016; Kunwar & Sharma, 2020;
Kunwar et al., 2021). Evidence shows that majority of teachers in different countries faced
the topic of dyscalculia neither at pre-service nor at in-service training (Kunwar et al.,
2021; Fu & Chin, 2017; Zhanatbekova, 2018); and neither at their professional training at
graduate nor at postgraduate levels (Dias et al., 2013; Karasakal, 2018). Studies conducted
in India (Pio Albina, 2019) and Brazil (Dias et al., 2013) have provided an evidence that
the theoretical exposure to the topic of dyscalculia seems to be more important than the
type of school. The author states that public school teachers in India were receiving
training on learning disabilities organized by the government, thus they had more
knowledge about dyscalculia (Pio Albina, 2019). Comparably, private school teachers in
Brazil believed that they knew more on what dyscalculia is rather than their colleagues
from public schools (Dias et al., 2013). This discrepancy is explained by the authors that
private schools organize more training courses for their educators than public schools
where it is hard to motivate teachers and students due to different “socio-economic
conditions” (Dias et al., 2013, p.6). It can be said that it is not the type of school that is
more important for teachers’ awareness of dyscalculia, but rather teachers’ exposure to this

disability. Indeed, teachers were not well aware of dyscalculia in a significant part of the
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studies reviewed. Evidently, training the teachers, to a greater extent, affects their
awareness of this disability.

However, experiential exposure to the phenomenon of dyscalculia as having met a
student suspected of dyscalculia did not predict better awareness of dyscalculia in Portugal
(Sousa et al., 2017). This could be due to the small number of teachers who have had such
students in that study. At the same time, facing the topic of dyscalculia predicted a higher
level of knowledge on two dimensions such as definition and nature of dyscalculia and
intervention strategies (Sousa et al., 2017).

To sum up, considering the above-mentioned evidence, it is fair to assume that
exposure to the phenomenon of dyscalculia better affects the knowledge of teachers about
this disability. The next section provides information on the current situation in
Kazakhstan about learning disabilities. The identified gap that this study aims to close is
also discussed further in the next section.

Research in Kazakhstan

The current situation in Kazakhstan is that there is no practice of identifying specific
learning disabilities, with no data on their prevalence across the country. There is also very
scarce literature on SLD in Kazakhstan. The author of this study was able to identify only
one empirical study on dyscalculia (Zhanatbekova, 2018) and one on dyslexia
(Galimzhanova, 2021).

In 2018, Zhanatbekova conducted qualitative research that aimed to find out the level
of awareness about dyscalculia among primary school teachers (1-4 grades) and school
leadership in three primary schools of Nur-Sultan, Kazakhstan. The study revealed that
overall, school leaders (i.e., vice-principals) and teachers are not aware of dyscalculia.
Zhanatbekova (2018) reported that teachers have never heard of the term dyscalculia and

could not provide an adequate definition of it. Respondents were not familiar with
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dyscalculia even if they had many years of experience. Regarding the causes of
dyscalculia, the majority of teachers thought hereditary factors, whereas others declared
neurological as well as external factors to be the cause. Mostly they thought that students
with dyscalculia generally outgrow their problems. However, they admitted that they do
not know what happens with students after transferring to secondary school. School
principals confirmed that there were cases when students with symptoms of dyscalculia
were present at the secondary level too, which means that the disability does not disappear
with age. As far as the interventions are concerned, mainly teachers tried to run individual
support after lessons and set easier goals in the classroom (Zhanatbekova, 2018).
Furthermore, Zhanatbekova (2018) argues that there is a likelihood that students with
dyscalculia might be also labeled as “lazy” or “stupid” at school because teachers held
views that these children are “weak’ or “unsuccessful” (p. 46). Moreover, Zhanatbekova’s
study (2018) have shown that one of the main reasons for teachers’ low awareness about
dyscalculia, could be the fact that none of them received training on the topic of
dyscalculia neither before starting nor during their careers. This and other research in
Kazakhstan (Galimzhanova, 2021) identified that teachers need a formal training to
understand and recognize specific learning disabilities such as dyscalculia and dyslexia.
For instance, a study in Kazakhstan which focused on teachers’ knowledge of
dyslexia and their training experiences revealed that there is a need to add the topic of
dyslexia to university preparation courses and organize professional training for pre-
service and in-service teachers (Galimzhanova, 2021). Overall, this study revealed low
awareness of dyslexia among educators. Over half of the teachers did not know the
permanent nature and prevalence of dyslexia as well as its hereditary and neurological
causes. Most teachers in the study were not trained about dyslexia at the university, and did

not attend any additional professional development (PD) courses on dyslexia. However,
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the study revealed that teachers’ knowledge was not significantly related to their
preparation courses. Only a small number of those who had training on dyslexia had a
good level of knowledge about dyslexia, which suggests that the quality of those training
sessions should be refined. Overall, evidence suggest that there is a low level of knowledge
on specific learning disabilities on the whole in Kazakhstan. Teachers must receive quality
training on specific learning disabilities in order to understand their nature and recognize
them in the classroom.

To conclude this chapter, the review of the literature published within the last ten
years identified a low level of knowledge about dyscalculia among primary and secondary
school teachers worldwide (Dias et al., 2013; Fu & Chin, 2017; Graves, 2018; Karasakal,
2018; Kunwar et al., 2021; Sezer & Akin, 2011; Zhanatbekova, 2018). The main purpose
of the current study is to identify teachers’ awareness of dyscalculia and compare how they
differ in their knowledge at different grade levels as well as to find how teachers’ exposure
to the phenomenon of dyscalculia is related to their level of knowledge about dyscalculia.
So far, no research has been conducted to compare teachers’ knowledge by grade level.
Thus, this study attempts to close this gap. The primary level is important in the early
recognition and support of the disability. However, it is important to consider the
secondary level of education where mathematics is more complex and comprises a deep
understanding of the concepts and applications of mathematical facts. The evidence from
international studies presented in this literature review, helped to shape the hypotheses of
this study as follows:

e HI: Primary and secondary school mathematics teachers’ awareness of the
definition and nature of dyscalculia is low.
e H2: Primary and secondary school mathematics teachers’ awareness of the

symptoms of dyscalculia is low.
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e H3: Primary and secondary school mathematics teachers’ awareness of the
interventions to support students with dyscalculia is low.

e H4: The level of awareness about the definition, nature, symptoms of dyscalculia,
and interventions among primary and secondary school mathematics teachers is at
the same level.

e HS5: Exposure to the phenomenon of dyscalculia is associated with a better level of
knowledge about dyscalculia. The exposure is measured via two criteria:

1. Theory: have respondents heard about the phenomenon of dyscalculia in
any of the pre-service, in-service teacher training courses, from
colleagues/friends, or as a self-study.

2. Experiential: have they encountered students with math difficulties in class
as suspected cases of dyscalculia.

Finally, only two of the examined research studies were conducted in post-soviet
countries which indicates a lack of studies conducted in this context. Therefore, the
proposed research will greatly contribute to the existing literature on the topic
internationally and in the context of Kazakhstan. The next section provides full

information on the methodology and ethical aspects of the current study.
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Methodology

Research Design

Most of the studies over the past ten years that have investigated teachers’
knowledge of dyscalculia have utilized a survey research design and used a questionnaire
for the data collection (Chideridou-Mandari et al., 2016; Dias et al., 2013, Fu & Chin,
2017; Graves, 2018; Haring, 2020; Karasakal, 2018; Kunwar & Sharma, 2020; Kunwar et
al., 2021, Pio Albina, 2019; Sousa et al., 2017). The current study also applied the
quantitative research approach that allows obtaining data from a group of people, then
generalizing it to the entire population (Creswell, 2012). The approach applied was similar
to that in the study by Sousa et al. (2017), which was an exploratory quantitative study
focused on the selected region’s population and described it quantitatively. The design
helped the researcher of this study to find out trends in data (Creswell, 2012) and explore
the level of dyscalculia awareness among primary and secondary mathematics teachers.

Within the quantitative approach, this study employed a cross-sectional survey
design as it allows collecting data like teachers’ awareness of the dyscalculia phenomenon
at one point at a time (Creswell, 2012). This study utilized an existing survey instrument
developed by the same authors Sousa et al. (2017), which was changed and adapted to the
Kazakhstani context, piloted, and administered online. The current study preferred the
web-based survey method as a type of data collection since it saves time and provides an
economical and efficient means of gathering a large amount of data from participants
(Creswell, 2012).

This study builds on research by Sousa et al. (2017) which sought to determine
predictors of teachers' knowledge of dyscalculia. In the current study, the focus is on
teachers' knowledge of dyscalculia and how they differ across the grade levels. The main

purpose of the current study was to examine the level of dyscalculia awareness among
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primary and secondary school mathematics teachers in urban mainstream schools in one of
the large cities in South Kazakhstan in respect to understanding the definition and nature of
the phenomenon, recognizing its symptoms, and intervention methods; and to compare
how teachers at different levels of education differ in their answers. This study was guided
by the following research question:

o To what extent primary and secondary mathematics school teachers in urban
mainstream schools in South Kazakhstan are aware of dyscalculia in respect to
understanding the definition and nature of the phenomenon, recognizing its
symptoms, and intervention methods?

The study tested the subsequent hypotheses:

e HI: Primary and secondary school mathematics teachers’ awareness of the
definition and nature of dyscalculia is low.

e H2: Primary and secondary school mathematics teachers’ awareness of the
symptoms of dyscalculia is low.

e H3: Primary and secondary school mathematics teachers’ awareness of the
interventions to support students with dyscalculia is low.

e H4: The level of awareness about the definition, nature, symptoms of dyscalculia,
and interventions among primary and secondary school mathematics teachers is at
the same level.

e HS5: Exposure to the phenomenon of dyscalculia is associated with a better level of
knowledge about dyscalculia. The exposure is measured as learning about the
concept and having students with math difficulties in class as suspected cases of
dyscalculia.

The next section provides information about the survey instrument that was used in

this study.
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Survey Questionnaire

To date, several questionnaires have been developed by researchers to evaluate
teachers’ knowledge about dyscalculia. The present study utilized an existing survey
instrument that demonstrated high reliability and validity indexes (Sousa et al., 2017).
Before being piloted, the survey questionnaire was revised and changed. Some items in the
questionnaire were either omitted or reformulated, and new items were also added
according to the given context and information emerging from the relevant literature. After
making changes, the questionnaire was translated into Kazakh and Russian languages.
Then, the survey was piloted among six mathematics teachers to adapt it to the
Kazakhstani context and to make sure that the translation of the instrument is accurate.
After that, based on the recommendations the survey instrument was brought into the final
version to be administered online.

The final version of the survey questionnaire (Appendix B) consists of two sections.
The first section included 14 questions on teacher demographics, followed by the second
section of 44 questions which examines the teachers’ knowledge of dyscalculia that was
adapted from Sousa et al. (2017). The second section of the questionnaire consists of three
parts, focusing on (1) the definition and nature of dyscalculia; (2) the symptoms of
dyscalculia; and questions about (3) intervention methods. The survey questionnaire had
response options of “Agree”, “Don’t know” and “Disagree”. At the end of the survey, two
questions were asked whether participants have any additional comments and whether they
would like to receive any training about dyscalculia.

The researcher also assessed the reliability of the survey questionnaire by calculating
Cronbach's alpha (o). The reliability index was excellent for the scale questions on the

“Symptoms” (a=.95) and “Interventions” (a=.94). The reliability index was low for the
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scale question “Definition and nature of dyscalculia” (o= .55), but still acceptable (George
& Mallery, 2003, as cited in Gliem & Gliem, 2003).
Revising the Original Survey Questionnaire

The researcher revised the original survey questionnaire before piloting it with
teachers. Firstly, four questions that showed a low-reliability index in the study by Sousa et
al. (2017) were excluded from this study. The authors of the original survey tool assessed
the reliability of the instrument by calculating Cronbach's alpha (a), the person separation
reliability (PSR), and the item separation reliability (ISR) indexes (Sousa et al., 2017). At
first attempt the first two parts showed low reliability, but after eliminating the four items
in the questionnaire reliability indexes of all three parts were high (“definition and nature”:
a= .66, PSR= .57, ISR=.96; “symptoms”: a=.88; PSR=.78; ISR=.79; and
“interventions”: a=.90; PSR=.75; ISR=.89.) (Sousa et al., 2017, p.212). Thus, these four
questions were not included in this study.

Secondly, the following item: “Dyscalculia is more common in girls than boys” was
excluded from this study because of contradicting findings found in the literature (Ashraf
& Najam, 2020; Jovanovi¢ et al., 2013; Kucian & Von Aster, 2015; Landerl & Moll,
2010).

Thirdly, the following item “Drawing the human figure in an organized and
structured way”’ was also omitted due to its inapplicability to secondary education level.
The curriculum at the secondary school in Kazakhstan does not include tasks that assess or
require students to draw a human figure. This is more common at the primary school level
than at the secondary school.

Three new items measuring teachers’ knowledge of the symptoms of dyscalculia

such as difficulties in comparing quantities (Kosc, 1974), memorizing multiplication tables
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(Williams, 2013), and difficulties with concentrating on math lessons (Soares et al., 2018;
Kucian et al., 2018) were also added based on the review of the literature (Appendix C).

Finally, the third part of the questionnaire focusing on the methods of interventions
was entirely changed. The authors of the original survey instrument suggested adding new
items to this part of the questionnaire to have a deeper understanding of teachers’
knowledge of the intervention methods (Sousa et al., 2017). Nine new items measuring
teachers’ knowledge of the interventions were added based on the review of the literature.
These items include the following methods: structured lessons beginning with more
concrete and moving to abstract concepts, motivating children by acknowledging and
praising them (Ise & Schulte-Korne, 2013, as cited in Kucian & Von Aster, 2015),
improving reading and listening comprehension skills (Faramarzi & Sadri, 2014; Trott,
2003), using postcards (Trott, 2003), working in small groups (Ise & Schulte-Ko6rne, 2013,
as cited in Kucian & Von Aster, 2015; Monei & Pedro, 2017), stimulating memory,
providing physical and hands-on activities, training executive functions by teaching
students to be organized, as well as stimulating attentional control by providing visual and
auditory aids (Faramarzi & Sadri, 2014) (see Appendix C for detailed information about
the changes in the items of the questionnaire).
Pilot Study

Since the intended audience of the study was teachers the survey was piloted among
six mathematics teachers to adapt it to the Kazakhstani context and to make sure that the
translation of the instrument from English to Russian and Kazakh is accurate. It was
important because the views of the target audience on the questionnaire itself will finally
exert influence on how they will be responding to the items (Muijs, 2004). The survey was
critiqued using a structured interview process, which has been described by Thomas (2011)

as an efficient method for piloting surveys. Firstly, four mathematics teachers (2 Kazakh
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speaking teachers, and 2 Russian speaking teachers) reviewed the questionnaire for its
validity. The teachers during the pilot study were asked to review the survey and comment
on the clarity of the questionnaire items, instructions, readability, and layout. Time taken to
complete the survey questionnaire was also recorded. The survey was revised based on the
feedback and suggestions of the four reviewing teachers. The author of this study omitted
the following item in the first part of the questionnaire: “If a student performs well in an
activity and then fails to complete it, he does not have dyscalculia” because it was not clear
to the teachers. Other changes were minor and concerned with the accurate translation of
the items. In the end, the questionnaire was piloted with the remaining two mathematics
teachers (Kazakh and Russian speaking). Both of them stated that all questions were clear
and understandable in both languages (see Appendix C for detailed information about the
changes in the items of the questionnaire).

Sample

The population in this study was all primary and secondary mathematics teachers
who work in urban mainstream schools in the selected city in Southern Kazakhstan. The
site — a city in Southern Kazakhstan - is chosen for the current study due to its large
economic relevance in Kazakhstan. Galimzhanova (2021) and Zhanatbekova (2018) have
conducted research on teachers’ awareness of dyslexia and dyscalculia, respectively, in
Northern Kazakhstan. The rationale behind choosing a city in Southern Kazakhstan as a
research site is to extend the research on learning disabilities in this region.

The participants were selected by the cluster sampling method as it allows selecting a
specific number of schools and then surveying all primary and secondary school
mathematics teachers in those schools (Cohen et al., 2007). Special and selective schools
were not included in the study. According to the directory of educational organizations of

the selected city included in this study in Southern Kazakhstan, there are 111 mainstream
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schools across eight districts. To ensure that only mainstream school teachers participate in
the current study, only the respondents who selected the “mainstream school” option for
the type of school where they work continued the survey. Teachers who selected the other
options answering the question were not included in the study. According to information
received by telephone from the Mathematics Coordinator in the municipality of the
selected city, the number of primary school teachers was about 2000 and the number of
mathematics teachers at the secondary level was about 575. It is suggested that with a
population of 2500 people at a confidence level of 95%, the sample size should be 484
(Cohen et al., 2007, box 4.1).

To reach the sample, firstly, the researcher got a written agreement from the
municipal Education Authority to access the sites. Once the consent was gained, the
researcher applied the cluster sampling method. Only schools that include primary and
secondary school levels of education and contain more than 500 students were included in
the study. Also, the privilege was made in favor of those schools that had more
mathematics teachers. With these considerations in mind, the clusters were formed to fairly
represent and cover the whole region. To do this, the researcher formed a list of all the
mainstream schools for each district, then every third school was selected from the list.
The schools which did not fit the inclusion criteria were excluded from the cluster. The
researcher contacted the administration of the selected schools by phone and asked to
distribute the link to the survey to all primary and secondary mathematics teachers in their
schools. If a school refused to participate or there was no response, another school was
added to the sample. Overall, 751 respondents from 60 schools participated in the survey.
Data Collection Procedures and Research Ethics

This research was approved by the Graduate School of Education (GSE) Ethics

Review Committee at Nazarbayev University (NU). This study employed a web-based
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questionnaire which provides gathering a large amount of data from participants (Creswell,
2012). The survey was completely anonymous. No names, email addresses, or IP addresses
were collected by the survey instrument, only personal characteristics such as age, gender,
teaching experience, and level of education were asked. As the information that is obtained
during this study is anonymous this means that not even the researcher knows the
participants’ identity and their responses to the questions will not disclose the respondents’
identities. The survey was hosted by Qualtrics Survey Platform which does not retain any
identifiable data as the option to anonymize data was activated in Qualtrics. Qualtrics is a
secure platform, which means that it supports TLS and encrypts data in transit (between
user and server). Thus, no information provided by the respondents can be tracked and
connected back to their personalities which could reveal them. The collected data will be
kept in a safe place to ensure confidentiality. The data will be stored electronically in the
researcher’s personal computer, locked by a password and only the researcher will have
access to the files. After the thesis is completed and all analysis required is conducted, the
dataset will be destroyed by the researcher.

Given the time spent on questionnaires, they have always been an invasion into the
lives of respondents (Cohen et al., 2007). Thus, all participants were informed about the
subject and purpose of the study and were provided with information about the potential
risks and benefits of participation at the beginning of the survey questionnaire. The
participants were assured that no personal identifying data is collected and the results will
be presented in the aggregate form only, not allowing to identify separate answers. The
participants were explicitly asked about their agreement to participate in the survey.
Accepting and continuing further with the survey questions was considered as they have
signed the informed consent form and accepted all the information provided by the

researcher. If they decided not to participate in the study and pressed the “I Disagree”
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button, the survey was closed with words of thanks for their participation. If they decided
to participate and press the “I Agree” button, the participants were asked to indicate the
type of their schools as mainstream, selective, or special. Teachers who work at special
and/or selective schools did not continue with the questionnaire being thanked for their
participation. In this way, the selective and special schools were excluded from the sample.
The survey took approximately 15 minutes to complete. At the end of the survey, the
respondent was thanked for their time and participation.
Data Analysis

The current study was conducted to examine the level of dyscalculia awareness
among primary and secondary school mathematics teachers regarding the definition and
nature, symptoms of dyscalculia, and intervention methods. All collected information was
downloaded from the Qualtrics Survey Platform, then analyzed using a computer program
called Statistical Program for Social Sciences (SPSS). Data were analyzed to test the
following hypotheses:

e HI: Primary and secondary school mathematics teachers’ awareness of the
definition and nature of dyscalculia is low.

e H2: Primary and secondary school mathematics teachers’ awareness of the
symptoms of dyscalculia is low.

e H3: Primary and secondary school mathematics teachers’ awareness of the
interventions to support students with dyscalculia is low.

e H4: The level of awareness about the definition, nature, symptoms of dyscalculia,
and interventions among primary and secondary school mathematics teachers is at
the same level.

o HS5: Exposure to the phenomenon of dyscalculia is associated with a better level of

knowledge about dyscalculia. The exposure is measured as learning about the
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concept and having students with math difficulties in class as suspected cases of
dyscalculia.

The first step was to run descriptive statistics and frequency distributions to present
information about the characteristics of the sample. This type of analysis is called
univariate analysis as it implies looking at the variables separately (Muijs, 2004) such as
teachers’ education level, teaching experience, and grade levels they teach.

The next step was to run a bivariate analysis. Specifically, cross-tabulations and chi-
square tests were performed to measure teachers’ knowledge about dyscalculia by looking
at how many teachers answered specific questions as well as to compare primary and
secondary school mathematics teachers’ answers about this disability. This analysis
allowed the researcher to describe the situation among mathematics teachers concerning
their awareness of dyscalculia. Next, teachers’ knowledge was measured on a continuous
scale by counting the correct answers on the survey questionnaire. A new variable was
created combining correct responses for all scale items. A maximum score for the scale
question “Definition and Nature of Dyscalculia” was 9, for “Symptoms” was 21, and for
“Interventions” was 13. The smallest score for each scale question was 1.

Mann-Whitney test was then performed to compare the primary and secondary teachers’
mean scores as well as to look at how exposure to the phenomenon of dyscalculia affects
teachers’ level of knowledge of this disability. Mann-Whitney test which is a non-
parametric test was chosen over the parametric one because the sample size of the present
study was non-normally distributed. A Shapiro-Wilk test showed a significant departure
from normality for both primary and secondary school teachers in each scale question.
Particularly, the Shapiro-Wilk test did not show evidence of normality for the scale
question “Definition and Nature of Dyscalculia” for primary W(232)=.915, p=.000 and

secondary school teachers W(99)=.941, p=.000; for the scale question on the “Symptoms”
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for primary W(232)=.885, p=.000 and secondary teachers W(99)=.939, p=.000; and for the
scale question on the “Interventions” for primary W(232)=.812, p=.000 and secondary

teachers W(99)=.892, p=.000 (Appendix D). Thus, to be conservative about the findings of
the current research, a non-parametric Mann-Whitney test was preferred for this study. The

findings are reported in the next chapter.
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Findings

Demographic Characteristics

This chapter presents the findings of the current study examining the level of
teachers’ knowledge of dyscalculia, its definition, the nature of this disability, its
symptoms, and knowledge of intervention methods. Also, the findings on the comparison
of primary and secondary school teachers’ knowledge, and the relationship between the
teachers’ exposure to dyscalculia and their level of knowledge about this disability are also
presented in this chapter. This chapter has five subsections - demographic characteristics of
respondents in the study, teachers’ knowledge of the definition and nature of dyscalculia,
teachers’ knowledge of the symptoms of dyscalculia, teachers’ knowledge of the
interventions, and the relationship between the exposure to dyscalculia and teachers’ level
of knowledge about dyscalculia.

Overall, 751 teachers from 60 schools participated in an anonymous survey. Almost
83% (n=620) of respondents completed all sections of the survey; 443 (71.5%) were
primary school and 177 (28.5%) secondary school mathematics teachers. The remaining
part (17.4%, n=133), who did not consent to this study, completed only demographic
questions, taught at both primary and secondary levels of education or did not specify
which grade they teach were excluded from the data analysis. The total number of cases
that were used for analysis was 620.

Almost all participants of the sample were females (96.8%, n=600), and a smaller
proportion were males (3.2%, n=20). The mean age for teachers was 40.5 years (SD=12).

The most common highest educational degree for teachers was the bachelor's degree
(60.8%, n=377), and 16% (n=99) of teachers indicated that they had received a higher
education diploma before 1991 (Table 5). Almost half of the respondents had teaching

experience of less than 10 years (45.4%, n=281). About one-quarter had an experience of
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more than 25 years (27.7%, n=172), and between 11-25 years (26.9%, n=167) (see
Appendix E for more characteristics).

Table 5 Demographic Characteristics of Respondents

Background variables N Total
Gender Male 20 (3.2%) 620 (100%)

Female 600 (96.8%)
The Highest High school 10 (1.6%) 618 (99.7%)
g‘i‘;‘;g‘gonal College 55 (8.9%)

Bachelor 377 (60.8%)

Master 58 (9.4%)

Doctoral 2 (0.3%)

Higher education diploma received prior to 99 (16%)

1991

Other 17 (2.7%)
Teaching Less than 1 year 47 (7.6%) 620 (100%)
Experience 5 5 cars 132 (21.3%)

6 - 10 years 102 (16.5%)

11 - 25 years 167 (26.9%)

More than 25 years 172 (27.7%)

It is interesting that more than half (61.5%, n=381) of the respondents had not
encountered the topic of dyscalculia before this survey (Table 6). Those, who reported that
they had encountered this term (38.4%, n=238), mostly indicated pre-service teacher
training (TT) program at the bachelor’s degree level (13.2%, n=82), in-service professional
development training course (14%, n=87), or their colleagues and friends (13.1%, n=81) as
a source of information. Similarly, a little more than half of the surveyed teachers indicated
that they did not encounter dyslexia (51.3%, n=318) before. Since dyslexia is one of the
most common disorders coexisting with dyscalculia, it was important to ask about dyslexia
as well. Those who had heard about dyslexia (47.7%, n=296), predominantly specified the

same sources of information which were the pre-service TT program at bachelor’s degree



TEACHERS’ AWARENESS OF DYSCALCULIA

67

(14.5%, n=90), in-service professional development training course (17.7%, n=110), as

well as colleagues and friends (14.8%, n=92).

Table 6 Teachers’ Exposure to the Phenomenon of Dyscalculia and Dyslexia

Background variables

N Total

Encountered No 381 (61.5%) 619 (99.8%)
g;;;’ﬁﬁ;f Yes 238 (38.4%)
Before Pre-service TT program at Bachelor’s Degree 82 (13.2%)

TT program at Master’s Degree 22 (3.5%)

TT program at Doctoral Degree 2 (0.3%)

In-service training course 87 (14%)

I found and studied materials myself 44 (7.1%)

I heard about it in some presentation 38 (6.1%)

I heard about it from my colleagues/friends 81 (13.1%)

Other 7 (1.1%)
Encountered No 318 (51.3%) 614 (99%)
%;j;ﬁgc of yes 206 (47.7%)
Before Pre-service TT program at Bachelor’s Degree 90 (14.5%)

TT program at Master’s Degree 31 (5%)

TT program at Doctoral Degree 5(0.8%)

In-service training course 110 (17.7%)

I found and studied materials myself 69 (11.1%)

I heard about it in some presentation 52 (8.4%)

I heard about it from my colleagues/friends 92 (14.8%)

Other 14 (2.3%)
Encountered Yes 201 (32.4%) 616 (99.4%)
g‘;gg‘g;d No 415 (66.9%)
Dyscalculia

It stands out that the majority of teachers did not encounter suspected cases of

dyscalculia throughout their career (66.9%, n=415). At the same time, the majority of

teachers showed interest to participate in additional courses about dyscalculia (65.5%,
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n=406). Most teachers (n=11) who left additional comments at the end of the survey
expressed a need for TT courses about dyscalculia.
Teachers’ Awareness of the Definition and Nature of Dyscalculia

Teachers’ knowledge of dyscalculia was examined by the adoption and adjustment
of the existing survey questionnaire developed by Sousa et al. (2017) to the Kazakhstani
context. The instrument has 44 questions with response options of “Agree”, “Don’t know”
(DN), and “Disagree”. It is divided into three parts which are designed to measure
teachers’ knowledge of the definition and nature of dyscalculia (10 items), symptoms (21
items), and interventions (13 items). The questions were scored as correct or incorrect
based on the facts about dyscalculia. Generally, the option “Agree” was correct for all
items, except 1st, 3rd, 7th, 8th, and 9th items of the first part of the instrument that have
the option “Disagree” as the correct answer. In addition, a chi-square test was performed in
order to compare teachers’ answers at different grade levels. On average, teachers did not
differ in their awareness holding similar views about dyscalculia in most of the items.
Nevertheless, some important findings emerged and there were several items that showed a
statistically significant difference between primary and secondary teachers’ knowledge of
dyscalculia. Only statistically significant results on the chi-square test are presented and
discussed in more detail in this chapter. Detailed tables with full information about
teachers’ knowledge of each question can be found in the appendices F, G, and H.

The first hypothesis that teachers lack knowledge of the definition and nature of
dyscalculia was confirmed. None of the questions were correctly answered by more than
half of the surveyed teachers. The scores for correct answers ranged from 4.9% to 49.3%.
The average score of the correct answers in this section was 25.6% (2.3 out of 9 items) for

both primary and secondary teachers which is very low.



TEACHERS’ AWARENESS OF DYSCALCULIA 69

Table 7 Teachers’ Knowledge of the Causes of Dyscalculia

Ne Item Primary Secondary Total

10 In your opinion, what is reduced intelligence 120 50 170 (27.4%)
the cause of

. lack of attention 194 76 270 (43.5%)
dyscalculia? (more than

one alternative can poor quality of education 87 52 139 (22.4%)

be marked): brain damage 110 53 163 (26.3%)

heredity 147 59 206 (33.2%)

emotional problems 88 44 132 (21.3%)

social problems 70 45 115 (18.5%)

other problems 85 25 110 (17.7%)

When indicating the possible causes of dyscalculia, most teachers marked the lack of
attention (43.5%, n=270), and heredity (33.2%, n=206) as a cause of dyscalculia (Table 7).
Almost one-third of the respondents thought that reduced intelligence (27.4%, n=170), and
brain damage (26.3%, n=163) can cause this learning disability. Finally, poor quality of
education (22.4%, n=139), social (18.5%, n=115), and emotional problems (21.3%, n=132)
teachers mentioned the least.

A chi-square test was performed to compare the answers of primary and secondary
teachers. There was a statistically significant difference between their knowledge of
dyscalculia on 6th question X2 (2, N=524) =10.34, p=.006, phi= .14 (Table 8). On
average, secondary teachers did not know that “some developmental disorders such as
ADHD may co-occur with dyscalculia” more than primary teachers. The effect size
indicates the modest strength of this relationship.

Moreover, a statistically significant result was found on 9th question X2 (2, N=515)
=9.8, p=.007, phi= .14. Primary teachers (32.4%, n=116) were more likely to incorrectly
agree with the statement “unlike dyslexia, dyscalculia is a relatively rare disorder, affecting
only 1% of students”. The expected counts for this option were higher than observed

values for primary and fewer for secondary teachers. Whereas a higher proportion of
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Table 8 Statistically Significant Items on the “Definition and Nature of Dyscalculia”

Ne Item Primary Secondary Total
6 Some developmental Agree  Count 151 49 200
disorders, such as
Attention Deficit Expected Count 138.5 61.5 200.0
Hyperactivity Disorder % within Primary and  41.6%  30.4% 38.2%
(ADHD), may co- Secondary
occur with dyscalculia. Count 191 92 283
Expected Count 196.0 87.0 283.0
% within Primary and  52.6%  57.1% 54.0%
Secondary
Disagree Count 21 20 41
Expected Count 28.4 12.6 41.0
% within Primary and  5.8% 12.4% 7.8%
Secondary
Total Count 363 161 524

X2 (2, N=524) = 10.34, p=".006, phi = .14

9 Unlike dyslexia, Disagree Count 19 8 27
dyscalculia is a Expected Count 188 82 27.0
relatively rare
disorder, affecting % within Primary and  5.3% 5.1% 5.2%
only 1% of students. Secondary

DN Count 223 119 342
Expected Count 237.7 104.3 342.0
% within Primary and  62.3%  75.8% 66.4%
Secondary

Agree  Count 116 30 146
Expected Count 101.5 44.5 146.0
% within Primary and  32.4%  19.1% 28.3%
Secondary

Total Count 358 157 515

X2 (2, N=515) = 9.8, p=.007, phi = .14

secondary teachers were not sure and ticked the “don’t know” option (75.8%, n=119).
Accordingly, the expected counts were higher than the observed for secondary and fewer

for primary teachers on this option. Only a minority of both secondary and primary
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teachers knew that this statement was not true. The effect size indicates the modest
strength of this relationship.
Teachers’ Awareness of the Symptoms of Dyscalculia

The second hypothesis that teachers’ lack knowledge about the symptoms of
dyscalculia was confirmed. However, they were more knowledgeable about the symptoms
than the nature of dyscalculia. The scores for correct answers ranged from 34.6% to
65.9%, which is slightly higher than that of the survey’s previous section. The average
score of the correct answers in this section was 44.3 % (9.3 out of 21 items) for all teachers
which confirms their low level of knowledge. Primary and secondary school teachers had
similar average scores for the correct answers which were 47.6% for primary and 49% for
secondary teachers.

Table 9 Statistically Significant Items on the “Symptoms” of Dyscalculia (items 1,3,5)

Ne Item Primary Secondary Total
1 Understanding and using Agree  Count 210 71 281
mathomatical symbols (- Expected Count 2017 793 2810
% within Primary and 51.6%  44.4% 49.6%
Secondary
DN Count 133 50 183
Expected Count 131.4 51.6 183.0
% within Primary and 32.7%  31.3% 32.3%
Secondary
Disagree Count 64 39 103
Expected Count 73.9 29.1 103.0
% within Primary and 15.7%  24.4% 18.2%
Secondary
Total Count 407 160 567
X2 (2, N=567) =6.01, p=.049, phi = .10
3 Reading numbers (e.g., Agree Count 158 43 201
“127instead of "217). Expected Count 1409 60.1 201.0

% within Primary and 42.9%  27.4% 38.3%
Secondary
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Ne Item Primary Secondary Total
DN Count 125 55 180
Expected Count 126.2 53.8 180.0
% within Primary and 34.0%  35.0% 34.3%
Secondary
Disagree Count 85 59 144
Expected Count 100.9 43.1 144.0
% within Primary and 23.1%  37.6% 27.4%
Secondary
Total Count 368 157 525

X2 (2, N=525) = 15.4, p<.001, phi = .17

5 Difficulty in counting Agree  Count 183 61 244
(repeating or omitting Expected Count 1704 73.6 244.0
numbers).

% within Primary and 51.7%  39.9% 48.1%
Secondary

DN Count 108 54 162
Expected Count 113.1 48.9 162.0
% within Primary and 30.5%  35.3% 32.0%
Secondary

Disagree Count 63 38 101
Expected Count 70.5 30.5 101.0
% within Primary and 17.8%  24.8% 19.9%
Secondary

Total Count 354 153 507

X2 (2, N=507) = 6.5, p=.04, phi = .11

A chi-square test revealed a statistically significant difference in several items
on knowledge of the symptoms between primary and secondary teachers (Table 9, Table
9a). The primary teachers, generally were more likely to correctly agree, while secondary
teachers were more likely to incorrectly disagree with the given statements. The expected
counts for primary teachers were fewer than the observed, whereas the expected counts for
secondary teachers were higher than the observed values. This means that secondary
teachers were less aware of the symptoms than their colleagues teaching primary level. For

example, it is known that students with dyscalculia struggle with selecting appropriate
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mathematical symbols (Kosc, 1974). However, secondary teachers had tendency to
incorrectly disagree (24.4%, n=29) that students with developmental dyscalculia (DD)
have difficulties in “understanding and using mathematical symbols” (i.e., +, -, X, :) than
the primary teachers did (15.7%, n=64), X2 (2, N=567) =6.01, p=.049, phi = .10.

Though it is a correct statement (Kosc, 1974), secondary teachers also were likely to
incorrectly disagree (37.6%, n=59) that DD students have difficulties with “reading
numbers” i.e., reading 12 as 21, while primary teachers were more likely to agree with it
(42.9%, n=158), X2 (2, N=525) =15.4, p<.001, phi = .17.

Moreover, secondary teachers more frequently did not believe (24.8%, n=38) that
DD students have “difficulties in counting” such as repeating or omitting numbers while
counting, X2 (2, N=507) =6.5, p=.04, phi = .11. However, it is a true characteristic of
students with dyscalculia (Sousa et al., 2017). By contrast, primary teachers (51.7%,
n=183) more frequently knew this fact.

A higher proportion of secondary teachers (18.8%, n=28) did not believe that
students struggle with “understanding the concept of time”, X2 (2, N=503) =8.96, p= .01,
phi = .13, though they do have such difficulties (Williams, 2013). Meanwhile, primary
teachers (55.6%, n=197) relatively better knew this item.

Secondary teachers were more likely not to believe (23.1%, n=34) that DD students
struggle with “performing activities that require sequencing elements i.e., saying the
correct sequence of the months of the year, days of the week and seasons”, whereas
primary teachers (45.2%, n=157) were more likely to agree with this statement, X2 (2,
N=494) =7.4, p= .03, phi = .12. As it was mentioned before, sequencing confusion is one

of the core characteristics of students with dyscalculia (Williams, 2013).
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Table 9 a Statistically Significant Items on the “Symptoms” of Dyscalculia (items

6,8,12,14)
Ne  Item Primary Secondary Total
6  Understanding the Agree Count 197 62 259
concept of time (e.g.,
telling the time), Expected Count 1823 76.7 259.0
% within Primary and  55.6% 41.6% 51.5%
Secondary
DN Count 114 59 173
Expected Count 121.8 51.2 173.0
% within Primary and  32.2% 39.6% 34.4%
Secondary
Disagree  Count 43 28 71
Expected Count 50.0 21.0 71.0
% within Primary and  12.1% 18.8% 14.1%
Secondary
Total Count 354 149 503

X2 (2, N=503) = 8.96, p= .01, phi = .13

8 Performing activities Agree Count 157 52 209
that require Expected Count 1468 622 209.0
sequencing elements
(e.g., saying the % within Primary and  45.2% 35.4% 42.3%
correct sequence of the Secondary
months of the year

> DN Count 141 61 202
days of the week and oun
seasons). Expected Count 141.9 60.1 202.0
% within Primary and  40.6% 41.5% 40.9%
Secondary
Disagree  Count 49 34 83
Expected Count 583 247 83.0
% within Primary and  14.1% 23.1% 16.8%
Secondary
Total Count 347 147 494

X2 (2, N=494) =7.4, p= .03, phi = .12

12 Difficulties with Agree Count 167 54 221
writing numbers and
symbols (e.g., inverted Expected Count 154.8 66.2 221.0
or rotated). % within Primary and  49.3% 37.2% 45.7%

Secondary
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Ne  Item Primary Secondary Total
DN Count 129 60 189
Expected Count 1324  56.6 189.0
% within Primary and  38.1% 41.4% 39.0%
Secondary
Disagree  Count 43 31 74
Expected Count 51.8 222 74.0
% within Primary and  12.7% 21.4% 15.3%
Secondary
Total Count 339 145 484
X2 (2, N=484) =8.5, p= .01, phi = .13
14 Understanding the Agree Count 154 48 202
concept of . Expected Count 1427 593 202.0
conservation (e.g., “6”,
“4+2” and “5+1” are % within Primary and  45.4% 34.0% 42.1%
equivalent to each Secondary
other). DN Count 128 56 184
Expected Count 130.0 54.1 184.0
% within Primary and  37.8% 39.7% 38.3%
Secondary
Disagree Count 57 37 94
Expected Count 66.4  27.6 94.0
% within Primary and  16.8% 26.2% 19.6%
Secondary
Total Count 339 141 480

X2 (2, N=480) =7.69, p= .02, phi = .13

A higher proportion of secondary teachers were inclined to incorrectly disagree that

DD students have “difficulties with writing numbers and symbols (e.g., inverted or

rotated)” compared to primary teachers (49.3%, n=167) who tended to agree with this fact,

X2 (2, N=484) =8.5, p= .01, phi = .13. Children with dyscalculia indeed have problems

with correctly writing numbers and symbols (Kosc, 1974).

Finally, secondary teachers were disposed not to believe the fact that DD students

may have problems in “understanding the concept of conservation” (Kosc, 1974) i.e., “6”,

“442” and “5+1” are equivalent to each other, though primary teachers were apt to agree
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(45.4%, n=154), X2 (2, N=480) =7.69, p= .02, phi = .13. Overall, the effect sizes for all
these items show a modest relationship between primary and secondary teachers’
knowledge.

Teachers’ Awareness of the Interventions

The third hypothesis that teachers lack knowledge about the interventions to support
students with dyscalculia was rejected. Teachers’ knowledge about intervention methods
was revealed to be at a moderate level. The level of their knowledge was determined as
follows: up to 60% - a low level, from 61 to 80% - moderate level, above 81% - a high
level. In comparison to the two previous parts of the survey, teachers had moderate
average scores of the correct answers in this section which was 63.8% (8.3 out of 13
items). The scores for correct answers ranged from 54.1% to 70%. This means that at least
half of the surveyed teachers answered correctly all questions regarding interventions to
support students with dyscalculia. Primary and secondary teachers had a very similar level
of knowledge about intervention methods. The average scores of the correct answers were
63.8% for primary and 63.1% for secondary teachers.

A chi-square test was performed to examine the relationship between primary and
secondary teachers' knowledge of interventions. This analysis found no statistically
significant difference between these two groups on all items measuring knowledge of
intervention to help DD students.

Mann-Whitney test was performed and confirmed the fourth hypothesis that there is
no statistically significant difference between primary and secondary teachers’ knowledge
of dyscalculia. To sum up, this test showed that teachers at primary and secondary levels
did not have statistically significant differences in their mean scores holding very similar
levels of knowledge on each dimension of the survey: (1) definition and nature of

dyscalculia U(Nprimary=339, Nsecondary=151) =25263.00, z=-.23, p=.82; (2) symptoms of
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dyscalculia U(Nprimary=292, Nsecondary=126) =17157.00, z=-1.097, p=.27; and (3)
interventions U(Nprimary=296, Nsecondary=130) =18464.00, z=-.67, p=.501.

Relationship Between Teachers’ Exposure to the Phenomenon of Dyscalculia and
their Level of Knowledge of this Disability

One of the aims of the present study was to test the hypothesis that exposure to the
phenomenon of dyscalculia is associated with a better level of teachers’ knowledge about
dyscalculia. The exposure was measured as learning about the concept of dyscalculia and
having students suspected of dyscalculia throughout teachers’ careers. Mann-Whitney test
was used to test the abovementioned hypothesis. Overall, it can be said that this fifth
hypothesis was confirmed.

The Mann-Whitney test indicated statistically significant differences in two
dimensions of the survey (definition and nature of dyscalculia, symptoms of dyscalculia,)
for teachers who encountered students suspected of dyscalculia in their careers. In
particular, teachers who had students suspected of dyscalculia had better knowledge of the
definition and nature of dyscalculia, U(N=158) =17763.50, z=-5.75, p<.001; and symptoms
of dyscalculia, U(N=145) =16118.50, z=-3.031, p=.002. However, there was no
statistically significant difference in their knowledge of the intervention methods to
support DD students, U(N=142) =19136.50, z=-.75, p=.451.

Comparably, the Mann-Whitney test revealed statistically significant differences in
each dimension for teachers who learned about dyscalculia using different sources of
information such as pre-service or in-service training, having heard about it from
colleagues, or studying it by themselves. Teachers who learned about this disability were
more aware of the definition and nature of dyscalculia, UN=176) =21374.00, z=-4.18,
p<.001; symptoms of dyscalculia, U(N=144) =16282.00, z=-2.95, p=.003; and

interventions, U(N=156) =17915.00, z=-2.605, p=.009.
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Besides, the interesting finding is that the Mann-Whitney test revealed statistically
significant differences in each dimension for teachers who learned about dyslexia from
different sources of information. Teachers who learned about dyslexia were also more
knowledgeable about the definition and nature of dyscalculia, U(N=221) =20619.00, z=-
5.82, p<.001; symptoms of dyscalculia, U(N=198) =18192.50, z=-2.92, p=.004; and
interventions, U(N=196) =19652.00, z=-2.24, p=.025.

In addition, a chi-square test was performed to examine whether there is a significant
relationship between teachers who learned about the concept of dyscalculia and those who
had students suspected of this disability. There is a statistically significant relationship
between learning about the concept and having students suspected of dyscalculia, X2(1, N
=615)=18.43, p <.001, phi = .17. Teachers who had students suspected of dyscalculia
were more likely to learn about this disability. The effect size indicates the modest strength
of this relationship.

In conclusion, teachers showed a low level of awareness about dyscalculia.
Specifically, they lacked knowledge on the “definition and nature” as well as “symptoms”
of dyscalculia. Yet, they were relatively better informed about educational strategies. They
had low average scores on the first two sections which were 25.6% and 44.3%,
respectively. However, they had moderate average scores on the “interventions” section
which were 63.8%. This indicates that teachers are somehow aware of the intervention
methods to support students with MLD. Furthermore, the findings of the present research
indicate that exposure to the phenomenon of dyscalculia is associated with a better level of
knowledge about dyscalculia. The exposure is measured as learning about the concept and
having students with math difficulties in class as suspected cases of dyscalculia. However,
teachers who encountered students suspected of dyscalculia did not have better knowledge

about interventions. Moreover, teachers’ experience of learning about dyscalculia is
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associated with having students with this disability. The next section discusses these

findings in accordance with and reference to the literature.

79
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Discussion
Low Primary and Secondary School Mathematics Teachers’ Awareness of the
Definition and Nature of Dyscalculia

The results of this study revealed a low level of teachers’ knowledge of the definition
and nature of dyscalculia which is consistent with findings in most other studies (Dias et
al., 2013; Fu & Chin, 2017; Graves, 2018; Karasakal, 2018; Kunwar et al., 2021; Sezer &
Akin, 2011).

Striking was a finding in this study that teachers believe dyscalculia is a relatively
rare disorder compared to dyslexia, affecting only 1% of students. Only 5.3% of teachers
in the current study knew this was not true. International studies, however, show varying
results. One-third of teachers in Malaysia and 86% of teachers in Greece knew that
dyscalculia is common and affects more than 1% of students (Chideridou-Mandari et al.,
2016; Fu & Chin, 2017). Despite the discrepancy in the percentage of teachers’ knowledge
of the prevalence of dyscalculia in international studies, the result obtained in Kazakhstan
is still at a very low level.

Another prominent finding of the current study was that teachers believed that
symptoms may disappear if students are properly supported. Only 4.9% of the teachers
knew that this was not true. This finding corroborates the findings of a study in Kazakhstan
by Zhanatbekova (2018), in which teachers also were not well aware of the permanent
nature of this particular disability. Zhanatbekova’s (2018) study also revealed that teachers
held the view that symptoms usually disappear by 4th grade. Nevertheless, vice-principals
in the same study admitted that there are still some students with mathematics difficulties
in secondary school, and symptoms do not disappear with age.

However, almost half of the teachers in the current study (49.3%) knew that

dyscalculia significantly interferes with academic achievement or activities of daily living
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that require calculation ability. Despite this item being correctly answered most frequently,
it is still a low percentage of their level of knowledge. This means that the other half of the
teachers do not know this fact. Similar results were reflected in Turkey, where half of the
teachers disagreed that dyscalculia is real, may bring distress to students, and alter their
behavior (Karasakal, 2018). A possible explanation for teachers' low awareness of the
definition and nature of dyscalculia in this study may be the fact that the majority of
teachers (61.5%) have not encountered the phenomenon of dyscalculia before. Teachers in
this study have studied dyscalculia neither at the university level nor received professional
training courses on this topic. These findings send a strong signal to the government and
have important implications for developing quality professional training courses for
teachers.

Regarding the causes of dyscalculia, the majority of teachers in the current study
indicated students’ lack of attention and heredity as the main causes of dyscalculia. On one
hand, teachers correctly believed that heredity may cause dyscalculia, on the other hand,
they did not know that lack of attention does not cause this disability. In accordance with
the present results, previous studies in different countries have demonstrated that many
teachers also think that the main causes for dyscalculia are students’ lack of attention (Fu
& Chin, 2017; Karasakal, 2018) and heredity (Karasakal, 2018; Zhanatbekova, 2018). The
given findings especially mirror those obtained in Turkey, where most of the teachers
indicated both lack of attention and heredity as the main factors causing dyscalculia
(Karasakal, 2018). A possible explanation for teachers’ view in this study that attention
deficits can cause dyscalculia in students, might be the fact that one of the most common
coexisting disorders with dyscalculia is ADHD (Williams, 2013).

Overall, these discussed findings show that the vast majority of primary and

secondary mathematics teachers in the large city in Southern Kazakhstan have poor
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knowledge of the causes, the prevalence of dyscalculia, and think symptoms may
disappear if students are properly supported which is consistent with most earlier studies
done in the field (Fu & Chin, 2017; Karasakal, 2018; Zhanatbekova, 2018).

Low Primary and Secondary School Mathematics Teachers’ Awareness of the
Symptoms of Dyscalculia

In the current study, teachers have shown a low level of knowledge of the symptoms
of dyscalculia. Though teachers were more aware of the symptoms than the definition and
nature of dyscalculia, the average score for the correct answers is still at a low level
(44.3%). Further, this section discusses teachers’ knowledge about the symptoms of
dyscalculia as related to the core number, memory, reasoning, behavioral, and visual-
spatial difficulties of students with dyscalculia.

The current study found that most of the teachers lacked knowledge of the items
related to core number concepts. In particular, they did not know that difficulties in
counting, distinguishing pairs of numbers, reading numbers, sequencing elements, and
understanding the concept of conservation are the core characteristics of students with
dyscalculia. This is consistent with the study in Nepal in which teachers were not well
aware of the symptoms such as poor organization of numbers and counting difficulties
(Kunwar et al., 2021). On the contrary, most studies indicate that teachers are aware of the
core number difficulties of DD students. For instance, most teachers in Brazil and
Malaysia knew that DD students have difficulties in sequencing elements (Dias et al.,
2013; Fu & Chin, 2017). Additionally, teachers in a study conducted in the USA knew the
symptoms associated with dyscalculia such as difficulties in number sense, reading,
understanding, and working with numbers (Graves, 2018). For example, one of the
teachers stated that dyscalculia is “The struggle/inability to read, understand, and calculate

with numbers” and another stated that “Dyscalculia is a disability that makes it difficult to
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understand number concepts” (Graves, 2018, p.107). As compared to these mentioned
earlier studies, it can be said that teachers of the current study have limited knowledge
about DD students’ core number difficulties.

The current study found that most of the teachers also lacked knowledge of the items
related to reasoning skills. The majority of the teachers did not know that DD students
struggle with understanding the concept of measurement (weight, length), time, and
dealing with money. These findings corroborate the findings of earlier studies. Many
studies report that teachers have insufficient knowledge about DD students’ difficulties in
issues of measurement such as distance, weight, and time (Dias et al., 2013; Fu & Chin,
2017). Interestingly, findings of the study in Greece indicate that even if the majority of
teachers knew that students with dyscalculia have difficulties with weight and length
issues, only a minority knew that they also have difficulties with telling time and
exchanging money (Chideridou-Mandari et al., 2016). Similarly, in Turkey almost all
teachers reported that DD students lack problem-solving skills that require the application
of math rules; yet very few reported that these students also have difficulties in exchanging
money (Sezer & Akin, 2011). Perhaps low awareness of these symptoms among teachers
of the current study may be related to the content of the curriculum - how much time the
education system devotes to the topics related to reasoning skills or if teachers connect
their lessons with everyday life activities such as telling the time or exchanging money.

Interestingly, the most known and unknown symptoms by teachers were related to
the difficulties that require reasoning skills. The most common misunderstanding by
teachers (only 34.6% were correct) in this study was that students with dyscalculia do not
struggle with comparing quantities using terms such as “more/less”, and “bigger/smaller”.
This finding corroborates the results of the study by Dias et al. (2013), in which more than

half of teachers (63.5%) also did not know that students with dyscalculia have difficulties
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in comparing quantities by using these mentioned terms. However, in contrast to these
findings, a study conducted in Greece has found that most teachers knew that DD students
struggle with understanding the meaning of arithmetic terms (i.e., bigger than)
(Chideridou-Mandari et al., 2016).

The most frequently correctly answered question by teachers (65.9%) in this study
was that DD students struggle with solving word problems which also require reasoning
skills. This proportion is still small compared to a study in Greece, in which almost all
teachers (95%) knew about DD students’ difficulties in choosing appropriate arithmetic
operations to solve word problems (Chideridou-Mandari et al., 2016). By contrast, the
majority of the teachers in Brazil did not know this fact (only 36.5% were correct) (Dias et
al., 2013). This discrepancy also may be explained by the number of hours devoted to this
topic in the curriculum in different countries. Moreover, these results show that even if
most teachers in this study knew that DD students have difficulties with word problem:s,
only a minority knew that they also struggle with comparing quantities using terms such as
“bigger/smaller” and “more/less”.

This study has found that the majority of teachers are not well aware of the visual-
spatial difficulties of DD students. These include difficulties with writing numbers and
symbols, interpreting tables and graphs as well as difficulty in spatial orientation and
lateralization. Similarly, teachers in Greece had limited knowledge that representing word
problems visually and interpreting diagrams is difficult for students with dyscalculia
(Chideridou-Mandari et al., 2016). In contrast, the levels observed in this study are far
below those observed by Fu and Chin (2017) in Malaysia, who found that teachers knew
about DD students’ visual-spatial difficulties such as confusing the left and right directions

(Fu & Chin, 2017).
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One of the most frequently correctly reported symptoms of dyscalculia by teachers
(60%) of the current research was related to memory difficulties. This is to say that
teachers understood that students with dyscalculia often have problems with remembering
math concepts, rules, and multiplication tables. These results match those observed in
many earlier studies, in which teachers knew that students with dyscalculia often have
problems with remembering math facts (Chideridou-Mandari et al., 2016; Fu & Chin,
2017; Graves, 2018; Sezer & Akin, 2011). This is the most commonly known symptom of
students with dyscalculia according to the literature.

Additionally, over half of the teachers in the present study were informed that
dyscalculia can alter the behavior of DD children. Students with dyscalculia may be
anxious, and nervous and may not concentrate well on learning mathematics. However,
these results are still small compared to the findings of other earlier studies. Dias et al.
(2013) reported that the majority of teachers knew the behavioral symptoms as being
anxious and distracted during mathematics lessons. Furthermore, almost all teachers in
Greece knew that DD students struggle with explaining their answers and may respond
impulsively, especially to word problems (Chideridou-Mandari et al., 2016).

Findings in the current study on Kazakhstan demonstrate that most teachers lacked
knowledge about DD students' symptoms related to the core number, reasoning, and
visual-spatial difficulties associated with this disability. However, teachers most frequently
knew that students with dyscalculia have difficulties with memorizing math facts and
solving word problems. The most common misunderstanding by teachers was that DD
students can easily compare quantities using terms such as “bigger/smaller”, and
“more/less”.

Moderate Primary and Secondary School Mathematics Teachers’ Awareness of the

Interventions to Support Students with Dyscalculia
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The participants of the present study were more aware of the intervention methods
compared to identifying the symptoms of dyscalculia. A possible explanation for this
discrepancy may be the fact that all of the methods provided in the questionnaire can be
used as effective strategies to support not only DD students but also all those who have
difficulties in mathematics. Also, this could be because of teachers’ belief that all students
with difficulties in math will have dyscalculia. Indeed, the majority of teachers in this
study did not know that not every student with difficulties in mathematics will have this
disability. In addition, teaching struggling students encourages their teachers to try
different teaching methods, and in practice, these teachers can determine which methods
are effective. The findings are discussed further in accordance with the previous research.

The majority of teachers (69-70%) in this study mostly believed that teaching
students individually and stimulating their memory would best support DD students. The
latter technique could be explained by the fact that one of the most frequently believed
symptoms of dyscalculia among teachers of this study was students’ difficulties with
memory. Similar to the findings of this study, research in the USA (Graves, 2018) and
Kazakhstan (Zhanatbekova, 2018) indicates that individualized instruction was reported by
teachers as a method of intervention that would best support students with dyscalculia.
However, teachers in the USA believed that providing extra time to MLD students will
cause other students to be ignored in the class (Graves, 2018). Most teachers in the study in
the US believed that students would benefit from one-to-one support from a specialist and
used a co-teaching strategy when a student with symptoms of dyscalculia was present in
the classroom (Graves, 2018). Comparably, primary teachers in the study in Kazakhstan
tried to run individual classes after school (Zhanatbekova, 2018). Definitely, tutoring is a
common practice of teachers in Kazakhstan for all those who lag behind their peers in

academic performance.
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Teachers of this study least believed (only 54.1% were correct) that technology and
computer-based interventions are effective in increasing DD students’ math achievement.
By contrast, teachers in earlier studies reported the use of technology, online resources
(Graves, 2018), and multimedia (Kunwar et al., 2021) as effective tools to support students
with math difficulties.

The findings of this study are consistent with previous research which has reported
behavioral interventions apart from the educational tools that teachers used to support
students with difficulties in mathematics. These are aimed at reducing math anxiety in
children. More than half of the teachers (66.5%) in the present study believed that
motivating children by acknowledging and praising them helps students with dyscalculia in
their learning. Kunwar et al. (2021) reported that teachers in Nepal used methods to
develop students’ positive attitude towards mathematics, set a positive atmosphere in the
classroom, encourage the active involvement of students in and out of the classroom
activities, motivate students to learn, encourage students not to give up, and take numerous
attempts to succeed. Similarly, even if teachers in the study conducted in Turkey did not
know how to support students with dyscalculia, they tried to understand their students and
motivate them to learn mathematics (Karasakal, 2018).

Overall, teachers of the present research in Kazakhstan had relatively better
knowledge about the interventions compared to the definition, nature, and symptoms of
dyscalculia. Teachers of this study knew that DD students gain much from individualized
instruction; however, these teachers least believed that technology and computer-based
interventions are effective strategies to support students with dyscalculia. Although
teachers had a moderate level of knowledge about methods of intervention, it is suggested
that this is not due to their knowledge of these strategies to support DD students, but

because they mostly thought that all students who have difficulties in math will have
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dyscalculia and intuitively arrived at these methods that are appropriate for all students
who struggle in mathematics.
Similar Primary and Secondary Teachers’ Knowledge about Dyscalculia

The findings of this study revealed that there was no statistically significant
difference in teachers’ average scores of the correct answers at both the primary and
secondary levels of education. Primary and secondary school teachers in Kazakhstan, on
average, had very similar levels of knowledge about the definition of dyscalculia, its
nature, symptoms, and interventions. Nevertheless, the study revealed some important
differences between the primary and secondary school teachers’ knowledge in certain areas
as well. A possible explanation for this might be that teachers teaching at different levels
may have different views of how a student develops in math learning. Another possible
explanation for this is the content of the curriculum at different grade levels that allows
teachers to determine in which certain areas children may struggle.

For instance, secondary school teachers were less informed that some developmental
disorders such as ADHD may co-exist with dyscalculia compared to primary teachers. This
may be due to the fact that behavioral disorders such as ADHD are more visible at the
primary level when children are younger, and identified at an age under 12 (APA, 2013).

The prevalence of dyscalculia was a puzzle for teachers at both levels. Most teachers
at both levels did not know the correct answer to this question. In accordance with the
present result, a previous study in Malaysia has demonstrated that most of the primary
teachers (66%) perceived dyscalculia as a rare condition and believed children outgrow
their disabilities (Fu & Chin, 2017). This study in Kazakhstan shows that this is not the
issue only for primary school teachers, but also for secondary school teachers.

Regarding the symptoms of dyscalculia, the secondary teachers were less aware of

the symptoms than their colleagues teaching at the primary level. The majority of these
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symptoms include core number difficulties such as difficulties in understanding and using
mathematical symbols, reading numbers, difficulty in counting, performing activities that
require sequencing elements, as well as difficulties in understanding the concept of
conservation. This could be attributed to the fact that these primary skills are taught at the
primary school level. However, previous research in Nepal has contradicting results; most
of the primary teachers did not know that dyscalculia is associated with counting skills
(Kunwar et al., 2021).

Moreover, primary teachers in this study were more informed that DD students have
difficulties in understanding the concept of time, and difficulties with writing numbers and
symbols compared to secondary teachers. The skills of telling time and writing numbers
and symbols in a correct way are also practiced more in primary school. This could explain
primary teachers’ higher awareness of these symptoms. This is consistent with the findings
of earlier research in Greece, in which most secondary teachers did not know that DD
students have difficulties with telling the time (Chideridou-Mandari et al., 2016).

As far as the intervention methods are concerned, all teachers held very similar views
on how the students with dyscalculia should be supported. To sum up, teachers of primary
and secondary school levels held very similar views and levels of knowledge about the
definition and nature of dyscalculia, recognizing its symptoms, and intervention methods.
However, primary teachers were more informed about certain symptoms of dyscalculia
than secondary teachers. Additionally, primary teachers were more informed about the
comorbidity of dyscalculia with other developmental disorders such as ADHD than their
colleagues teaching at the secondary school level.

Exposure to the Phenomenon of Dyscalculia is Associated with a Better Level of

Knowledge about Dyscalculia
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One of the tasks in this study was to test the hypothesis of whether teachers’
exposure to the phenomenon of dyscalculia is associated with a better awareness of
dyscalculia. The exposure was measured by teachers’ experiential contact as having a
student suspected of dyscalculia in the class and theoretical contact as learning about the
phenomenon of dyscalculia in any of the pre-service or in-service training courses, having
heard about dyscalculia from colleagues or friends, or studying it by themselves.

The study revealed that teachers who learned about the phenomenon of dyscalculia
were more aware of this disability. This is consistent with that of Sousa et al. (2016) who
found that teachers who have heard about dyscalculia before were better informed about
the definition and nature of dyscalculia as well as intervention methods. Teachers of the
current study learned about dyscalculia from different sources including training courses.
This study supports evidence from previous observations (Dias et al., 2013; Pio Albina,
2019) that the theoretical exposure to the topic of dyscalculia seems to be more important
than the type of school. Public school teachers in India (Pio Albina, 2019) and private
school teachers in Brazil (Dias et al., 2013) were receiving training on learning disabilities,
thus they had better awareness of dyscalculia. This clearly demonstrates the importance of
training courses organized rather than the type of schools. However, it should be kept in
mind that teachers in this study learned about dyscalculia not only from training courses
but also from other sources of information. Nevertheless, the majority of teachers in the
current study most often indicated that they learned about it at pre-service and in-service
training courses. A previous study in Kazakhstan demonstrates that the vast majority of
teachers encountered the topic of dyscalculia neither during pre-service nor in-service
training (Zhanatbekova, 2018). Similarly, more than half of the teachers of the current

study have not heard about dyscalculia before. Thus, these findings have important
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implications for developing quality in-service or pre-service training programs for teachers
at all levels of education to raise their awareness about this disability.

In addition, the present study revealed that having encountered a student suspected of
dyscalculia was associated with a better level of teachers’ knowledge about the definition
and nature of dyscalculia, recognizing its symptoms, but not the intervention methods.
Teachers who had students suspected of dyscalculia were more likely to learn about this
disability from different sources. This finding is contrary to that of Sousa et al. (2017) who
found that having a student suspected of dyscalculia was not associated with a higher level
of knowledge about dyscalculia. Sousa et al. (2017) argue that this result could be due to
the small number of teachers who had this contact in the study. The findings of the current
study mean that teachers’ experiential exposure did not affect their level of intervention
knowledge. They were informed about intervention methods regardless of having students
suspected of dyscalculia, which may mean that teachers intuitively came to the methods
that are suitable for all students having difficulties in math. In addition, it is not certain that
students of those teachers who indicated that they had previous contact with DD students
would have had this disability. Nevertheless, only one-third of teachers in this study
encountered suspected cases of dyscalculia throughout their careers.

As dyslexia and dyscalculia are overlapping learning disabilities, the study also
tested whether attending training courses on dyslexia was associated with a better level of
teachers’ knowledge of dyscalculia. The current study revealed an interesting finding -
teachers who learned about dyslexia were also more knowledgeable about dyscalculia.
Since dyscalculia and dyslexia belong to the same large category of specific learning
disabilities, one would expect teachers who are aware of dyslexia to be potentially aware
of dyscalculia. Another possible explanation for this could be that teachers are more

exposed to dyslexia than dyscalculia, and could have guessed and found some similarities
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between these two learning disabilities. The number of teachers in this study who
encountered dyslexia before is much higher than those who encountered dyscalculia. These
results reflect those of Dias et al. (2013) who also found that teachers were exposed more
to the topic of dyslexia than dyscalculia in Brazil. While half of the teachers in the study in
Brazil encountered the topic of dyslexia at their graduate level, the majority of them
encountered dyscalculia neither at graduate nor at postgraduate levels (Dias et al., 2013).
To sum up, one of the issues emerging from the findings of this study specifically
relates to the need to train teachers on dyscalculia. Findings indicate that more than half of
the teachers have not heard about the phenomenon of dyscalculia before. What could be
done at this stage to raise awareness at the governmental level, is to initiate adequate pre-
service and in-service training for teachers. Teachers, in turn, would gain knowledge about
the disability and assist DD students in the classroom. Because without adequate
knowledge about dyscalculia, the effectiveness of interventions is doubtful. It should be
also noted that the majority of the surveyed teachers in this study expressed a desire to
participate in additional professional development courses on dyscalculia. The important
thing here is to provide quality training since previous studies on learning disabilities have
shown that even though teachers who received training on dyslexia were not well aware of
this disability (Galimzhanova, 2021). Therefore, there is a certain need to provide adequate

pre-service and in-service teacher training programs for teachers across Kazakhstan.



TEACHERS’ AWARENESS OF DYSCALCULIA 93

Conclusion
Teachers’ Level of Knowledge about Dyscalculia: Answers to the Research Questions
and Hypotheses

The purpose of this study was to examine the level of dyscalculia awareness among
primary and secondary school mathematics teachers in urban mainstream schools in a large
city in Southern Kazakhstan. This study tested five hypotheses: (1) teachers’ level of
knowledge of the definition and nature of dyscalculia is low, (2) teachers’ level of
knowledge of the symptoms is low, (3) teachers’ level of knowledge of the interventions is
low; (4) primary and secondary school teachers’ knowledge is at the same level, and (5)
teachers’ exposure to the phenomenon of dyscalculia is associated with a better
understanding of this disability. To answer the research questions and test the hypotheses,
the study utilized a quantitative survey research method. Overall, 620 valid responses were
obtained from teachers who have completed the online survey questionnaire.

The results of this questionnaire indicate that teachers demonstrated very limited
knowledge of the definition and nature of dyscalculia, having an average score of correct
answers of 25.6% in this dimension. One of the prominent findings of this study was that
teachers lack knowledge about the prevalence and permanent nature of dyscalculia.
Although teachers were better informed about the symptoms of dyscalculia than the
definition and nature of this disability, the average score of the correct answers was still
low at 44.3%. Teachers most frequently believed that DD students do not struggle with
comparing quantities with terms such as “bigger/smaller”, and “more/less”, which is not
the case. Interestingly, teachers were better informed about the intervention methods
compared to the nature and symptoms of dyscalculia. The average score of correct answers
was 63.8%, indicating a moderate level of awareness compared to their awareness of the

definition and nature of dyscalculia, as well as symptoms of it. However, most teachers in
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this study were unsure or thought that all students struggling in math would have
dyscalculia. This may explain their moderate level of awareness of the interventions which
may have led them to accept these methods as appropriate to support all students with math
difficulties. Overall, teachers lacked knowledge about the nature of dyscalculia and its
symptoms. This may imply that even if teachers may suspect cases of dyscalculia in the
classroom to some extent, they do not know and understand the nature of this disability. In
this case, the effectiveness of their teaching methods aimed at supporting these students
would be in doubt. In order to provide effective and successful interventions, it is
important to be knowledgeable of all dimensions of this disability.

The analysis of whether teachers at primary and secondary school levels have the
same level of knowledge about dyscalculia showed the following. In most instances,
teachers at both levels had a very similar level of knowledge. However, several statistically
significant results emerged in certain characteristics. Teachers at the secondary level were
less aware of certain characteristics of the definition and nature of dyscalculia, as well as
its symptoms. For example, primary teachers were better informed that DD students have
difficulties in counting and understanding the concept of time. This could be explained by
the fact that these skills are taught and practiced more at the primary level. Nonetheless,
there was no difference in their awareness of the intervention methods. Overall, it can be
said that the fourth hypothesis that primary and secondary teachers’ knowledge is at the
same level was also confirmed.

Another important finding was that theoretical and experiential exposure to the
phenomenon of dyscalculia was revealed to be associated with a better understanding of
this disability regarding its definition, nature, symptoms, and interventions which
confirmed the last hypothesis of this study. However, having encountered a student

suspected of dyscalculia was not associated with a better awareness of the interventions.
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This study showed that theoretical exposure as learning about dyslexia was also associated
with a better understanding of dyscalculia. Despite these findings, the majority of teachers
in this study reported that they did not face the topic of dyscalculia in any of the pre-
service and in-service training. It would be fair to suggest that more teacher training
courses should be organized in schools. We cannot demand teachers to be knowledgeable
about dyscalculia if we have not properly trained them on the topic of dyscalculia and have
not provided the needed resources. If teachers do not know about dyscalculia, the
effectiveness of their teaching methods is doubtful. Based on the findings of this study the
following recommendations emerge:
¢ Including the topic of dyscalculia in teacher training programs at university levels
e Organizing quality in-service professional development courses for teachers about
dyscalculia

Limitations and Future Research

The present study has several limitations. Firstly, the items in the scale question
about interventions were formulated in positive statements which would have led teachers
to agree with them naturally. Since these strategies are appropriate for all students
struggling in math including DD students, teachers may have recognized good methods
that would also work for students with dyscalculia. Future research may change the
formulation of these questions and include negative statements as well to mitigate bias.

Secondly, the reliability index for the scale questions “symptoms” (o= .95) and
“interventions” (o= .94) were excellent. However, the reliability of the scale question
“Definition and nature of dyscalculia” was low (o= .55). This could be because of the
changes that were done to the original survey questionnaire developed by Sousa et al.
(2017). To improve the reliability of the scale, further piloting of new survey items in the

context of Kazakhstan is recommended.
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Thirdly, this study examined only teachers’ knowledge about dyscalculia; it is
recommended for future research to investigate teachers’ attitudes towards students with
dyscalculia, as well as their self-efficacy in supporting these students in learning. For
instance, Graves (2018) investigated and revealed that teachers’ self-efficacy is an
important factor in supporting students with dyscalculia. It would be interesting to
investigate this in Kazakhstan. It is also important to extend research on learning
disabilities in other regions of the country to better understand and have a clearer picture of

teachers’ level of knowledge about this disability.
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Appendices
Appendix A

Description of Diagnostic Tools

# Diagnostic Information
methods

1 Dyscalculia Butterworth (2003) has prepared an instrument called the Dyscalculia
Screener Screener. It is based on the hypothesis of a deficit in numerosity and includes

four tests: simple reaction time, dot enumeration, number comparison, and
arithmetic achievement test (multiplication and addition). “Simple reaction
time” assesses the response time of a student to the questions, in which more
time is indicative of dyscalculia in the student. “Dot enumeration” tests the
subitizing and/or estimation skills of a student. “Number comparison” simply
tests the ability to identify a larger number given on the screen. Finally,
“Arithmetic achievement” tests the proficiencies of students in multiplication
and addition of numbers with slower response time indicating those who use
finger counting.

2 Number Number Sense Screener (NSS) is another diagnostic tool based on the number
Sense sense theory (Jordan et al., 2010). It is concerned with knowledge of counting
Screener and its principles (e.g., set enumeration, counting sequence (as a minimum to
(NSS) 10), and principles of one-to-one correspondence, stable order, and

cardinality); number recognition (e.g., the ability to verbalize written digits);
number knowledge (e.g., “what number comes right after 777, or “which
number is bigger, 5 or 47"); and “nonverbal addition/subtraction calculations”
(Jordan et al., 2010, p.186). The NSS screener is designated for use in
kindergarten and first grade. According to the authors, NSS has a firm capacity
to make a highly correct identification of students at risk and needing extra
educational assistance (Jordan et al., 2010).

3 Functional

Apart from the educational diagnostic tools, neuroimaging studies reported

magnetic diagnosing dyscalculia based on the functional magnetic resonance imaging
resonance  (fMRI) methods (Dinkel et al., 2013). In the study by Dinkel et al. (2013)
imaging imaging was accomplished on an MR scanner which helped to detect atypical
(fMRI) reactions of the children’s brains. The findings of the study indicate that the
method brains of children with dyscalculia are substantially different from those of
children without dyscalculia in specific patterns of activations. Although this
method has a strong potential as a promising tool for the diagnosis of the
disability, tools such as MR scanners are not accessible for educators because
of their availability only for the scientific community.
4 Eye- Van Viersen et al. (2013) put forward the value of eye-tracking in diagnosing
tracking dyscalculia. They recorded the eye movements of a 9-year-old DD girl on an
data eye-tracker during the numerical tasks. Her working memory, number sense,

and arithmetic abilities were compared to typically developing children.
Results demonstrated that she was less accurate and used atypical strategies
than the control group of children, and this was recorded as “unidentifiable eye
fixation patterns” (Van Viersen et al., 2013, p.9). These patterns may be
suggestive of dyscalculia in children. The authors concluded that eye-tracking
data can be a helpful and hopeful instrument in the process of identification of
the disability.
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Appendix B
Nazarbayev University
M.Sc. in Educational Leadership: Inclusive Education
INFORMED CONSENT FORM

Mathematics Teachers’ Awareness of Dyscalculia in Southern Kazakhstan

You are invited to participate in a study entitled “Mathematics teachers’ awareness
of dyscalculia in Southern Kazakhstan”. The purpose of the study is to examine the level
of dyscalculia awareness among primary and lower secondary school mathematics
teachers. The field of dyscalculia is not much investigated in Kazakhstan. The scarcity of
existing literature and research on the topic of dyscalculia makes it harder for the process
of development of the education system. Your participation in the study is of utmost
importance and a great contribution to the science and enhancement of the current teacher
education system and inclusive education system as a whole in Kazakhstan.

The survey is completely anonymous. Research results will be presented in only
aggregate manner. The survey will take approximately 10-15 minutes to complete.

The benefits of the study are to contribute to the education system of Kazakhstan.
Education authorities, researchers and teachers will be able to make use of the findings of
the study for future policies, studies and classroom interventions. This study does not
present any noticeable risks to respondents.

If you agree to take part in this survey, please, be informed that participation in the
survey is voluntary, and you have the right not to continue and withdraw from the survey
at any time you wish.

Contact Information. If you have any questions or concerns or complaints about this
research, its procedures, risks and benefits, contact the researcher (Azhar Satybaldy,

azhar.satybaldy@nu.edu.kz, +77022728516) or Thesis Supervisor, (Rita Kasa,




TEACHERS’ AWARENESS OF DYSCALCULIA 110

rita.kasa@nu.edu.kz). If you have any other questions you may contact NUGSE Research
Committee at gse researchcommittee@nu.edu.kz
Statement of Consent.
By clicking “I agree” below you are indicating that you are at least 18 years old, have read and
understood this consent form and agree to participate in this research study.
I Agree
I Disagree => exit the survey

DATA COLLECTION INSTRUMENT (Survey)

Survey Questions

Section 1 (Demographics)

1. Depending on the nature of the school's education, mark the type of the school you
are teaching at:
o Mainstream
o Selective
o Special
2. Depending on the type of ownership of the school, mark the type of the school you
are teaching at:
o Private school
o Governmental school
o Iam not sure
3. Type of the school you are teaching at:
o School
o Lyceum
o Gymnasium
o School-lyceum
o School-gymnasium
o Iam not sure
4. Please, indicate your gender:
o Male
o Female
5. Please, indicate your age:
o 18

o 99
6. Teaching experience:
o Less than lyear
o 2-5years
o 6-10 years
o 11-25 years
o More than 25 years
7. Your highest educational degree:
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O O O O O O

o

High-school
College
Bachelor
Masters
Doctoral

Higher education diploma received prior to 1991
Other:

8. Grade levels you are teaching:

@)
@)
@)
@)

1-4th grades
5-9th grades
10-11th grades
Other:

9. For how many years have you been teaching at this school?

@)
@)
@)
@)
@)

10. Have you learned about “dyscalculia” (difficulties with math) in any of the pre-

Less than lyear
2-5 years

6-10 years

11-25 years

More than 25 years

service, in-service teacher training courses, from colleagues or as a self-study?

@)
@)

Yes
No

11. If the answer is yes — Could you please specify if it was:

o

O O O O O O

o

Pre-service teacher training program at Bachelor’s degree
Teacher training program at Master’s degree

Teacher training program at Doctorate degree

In-service training course

I found and studied materials myself

I heard about it in some presentation

I heard about it from my colleagues/friends

Other:

12. Have you learned about “dyslexia” (difficulties with reading) in any of the pre-
service, in-service teacher training courses, from colleagues or as a self-study?

@)
@)

Yes
No

13. If the answer is yes — Could you please specify if it was:

o

O O O O O O

o

Pre-service teacher training program at Bachelor’s degree
Teacher training program at Master’s degree

Teacher training program at Doctorate degree

In-service training course

I found and studied materials myself

I heard about it in some presentation

I heard about it from my colleagues/friends

Other:
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14. Did you already encounter situations during your professional career that made you
suspect dyscalculia?

o

Yes

o No
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Section 2

PART I (Definition and Nature of Dyscalculia)

Taking into account what you think about dyscalculia, mark your opinion: Agree (A);
Don’t know (DN); Disagree (D)

A DN (D
1. All students with mathematics difficulties have dyscalculia.
2. Dyscalculia is a neurological disorder with a genetic origin.
3. Inappropriate teaching methods may be the cause of
dyscalculia.
4. Dyscalculia significantly interferes with academic
achievement or activities of daily living that require
calculation ability.
5 Students with dyscalculia usually have normal intellectual
capabilities.
6. Some developmental disorders, such as Attention Deficit
Hyperactivity Disorder (ADHD), may co-occur with
dyscalculia.
7. All students with dyscalculia have dyslexia.
8. If a student with dyscalculia is properly supported, symptoms
can disappear.
9. Unlike dyslexia, dyscalculia is a relatively rare disorder,
affecting only 1% of students.
10 In your opinion, what is the cause of dyscalculia? (more than one alternative can

be marked):

O

O O O O O O O

reduced intelligence

lack of attention

poor quality of education
brain damage

heredity

emotional problems
social problems

other problems
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PART II (Symptoms)
Taking into account some of the difficulties that students with dyscalculia may have,
mark your opinion: Agree (A); Don’t know (DN); Disagree (D)
A | DN (D

1. Understanding and using mathematical symbols (+, -, X, :).

2. Distinguishing pairs of numbers (e.g., 2 and 5, 3 and 8, 6
and 9, 17 and 71).

3. Reading numbers (e.g., “12” instead of “21”).

4. Difficulties with solving word problems (e.g., selecting
appropriate strategies/operations).

3. Difficulty in counting (repeating or omitting numbers).

6. Understanding the concept of time (e.g., telling the time).

7. Dealing with money (e.g., knowing the value of currencies,
money exchanges).

8. Performing activities that require sequencing elements (e.g.,
saying the correct sequence of the months of the year, days
of the week and seasons).

9. Understanding abstract concepts for children with
dyscalculia is more difficult than understanding concrete
concepts

10. | Students with dyscalculia have difficulties in comparing
quantities with terms such as “more/less”, and
“bigger/smaller”.

11. | Establishing one-to-one correspondence (e.g., between a

number and a set of corresponding objects).

12 | Difficulties with writing numbers and symbols (e.g., inverted

or rotated).

13. | Recognizing amounts without counting.

14. | Understanding the concept of conservation (e.g., “6”, “4+2”
and “5+1” are equivalent to each other).

15. | Memorizing multiplication tables, formulas and rules.
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16. | Understanding multiplication tables, formulas and rules.

17. | Writing numbers in a slow, imperfect and illegible way.

18. | Understanding the concept of measure (e.g., weight, length,
temperature, speed).

19. | Difficulty in spatial orientation (difficulties in the
organization, writing and drawing difficulties, learning
geometric elements) and lateralization (concept of leftness
and rightness).

20. | Difficulty in interpreting and grasping information from
maps, tables and graphs.

21. | Children with dyscalculia may be anxious, nervous and

may not concentrate well on learning mathematics.

PART III (Interventions)

Taking into account what you know about dyscalculia, mark the strategies you consider
important and effective in supporting students who have difficulties in learning
mathematics: Agree (A); Don’t know (DN); Disagree (D)

effective in enhancing students’ math learning (to understand
word problems).

A | DN | D

1. | Individualized teaching that is adapted to a child’s
performance level is an effective strategy.

2. Stimulating memory helps to improve academic mathematics
achievement among children with dyscalculia.

3. Providing physical and hands-on activities help children with
dyscalculia to learn mathematics.

4. | Technology and computer-based interventions are effective
in increasing students’ math performance.

5. | Motivating children by acknowledging and praising them
helps students with dyscalculia in their learning.

6. | Improving reading and listening comprehension skills is
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Consolidation exercises (lots of repetitions, rehearsals) are
effective methods to support students with dyscalculia.

Using postcards is helpful in the memorization of facts.

Working in small groups have positive effects on students
with dyscalculia.

10.

Structured lessons beginning with more concrete and moving
to abstract concepts is an effective educational method for
students with dyscalculia.

11.

Training executive functions by teaching students to be
organized (making plans, schedules) is an effective method
to support students with dyscalculia.

12.

Providing extra time in carrying out activities, and allowing
them to work at their own pace.

13

Stimulating attentional control by providing visual and
auditory aids is an effective educational method for students
with dyscalculia.

Would you like to participate in additional professional development courses on
dyscalculia aimed at recognizing symptoms of, and working with students who
have dyscalculia?

o Yes

o No

Do you have any additional comments?

Thank you for your participation in this survey!
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Appendix C

Items that were Changed or Added to the Survey Questionnaire

Part 1. Definition and Nature of Dyscalculia

#  Item Reference

2 Dyscalculia is a neurological disorder The item is reformulated from the original based on
with a genetic origin. the recommendations of the pilot study. The

original item was: “Some studies report that
dyscalculia is a neurological disorder with a genetic
origin”.

3 Inappropriate teaching methods may  The item is reformulated from the original based on
be the cause of dyscalculia. the recommendations of the pilot study. The

original item was: “Inappropriate teaching
methods, intellectual deprivation or sensory
difficulties; cultural aspects or medical conditions;
motivation or other factors that may affect learning
may be the cause of dyscalculia”. Also, this
question showed a low-reliability index in the study
by Sousa et al. (2017), so it was decided to
reformulate the original question.

10 In your opinion, what is the cause of  In the studies conducted by Karasakal (2018) and
dyscalculia? (more than one Dias et al. (2013), teachers’ knowledge of the
alternative can be marked): causes of dyscalculia was measured by the given

o reduced intelligence format of the question. It was decided to adopt this
o lack of attention format.
o poor quality of education
o brain damage
o heredity
o emotional problems
o social problems
o other problems
Part 2. Symptoms

#  Item Reference

4  Difficulties with solving word The item is reformulated from the original based on
problems (e.g., selecting appropriate  the recommendations of the pilot study. The
strategies/operations). original item was: “Selecting appropriate strategies

to solve problems”.

9  Understanding abstract concepts for ~ The item is reformulated from the original based on
children with dyscalculia is more the recommendations of the pilot study. The
difficult than understanding concrete  original item was: “Difficulty in moving from a
concepts concrete level to an abstract level”.

10 Students with dyscalculia have A new item was added based on the review of the

difficulties in comparing quantities

literature (Kosc, 1974).
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with terms such as “more/less”, and
“bigger/smaller”.

15 Memorizing multiplication tables, A new item was added based on the review of the
formulas and rules. literature (Williams, 2013).

18 Understanding the concept of The word “length” was added based on the review
measure (e.g., weight, length, of the literature (Chideridou-Mandari et al., 2016).
temperature, speed)

19 Difficulty in spatial orientation The description of the item was added based on the
(difficulties in the organization, recommendations of the pilot study and review of
writing and drawing difficulties, the literature (Muthee, n.d).
learning geometric elements) and
lateralization (concept of leftness and
rightness)

20 Difficulty in interpreting and The phrase “grasping information from maps,
grasping information from maps, tables, and graphs” was added based on the review
tables and graphs. of the literature (Sousa et al., 2017).

21  Children with dyscalculia may be A new item was added based on the review of the
anxious, nervous and may not literature (Soares et al., 2018; Kucian et al.,
concentrate well on learning 2018).
mathematics.

Part 3. Interventions

#  Item Reference

1 Individualized teaching that is The item was reformulated from the original based
adapted to a child’s performance on the review of the literature (Ise and Schulte-
level is an effective strategy. Korne, 2013, as cited in Kucian & Von Aster,

2015). The original item was: “Individualized
teaching”.

2 Stimulating memory helps to This new item was added based on the review of
improve academic mathematics the literature (Faramarzi & Sadri, 2014).
achievement among children with
dyscalculia.

3 Providing physical and hands-on This new item was added based on the review of
activities help children with the literature (Faramarzi & Sadri, 2014).
dyscalculia to learn mathematics.

4  Technology and computer-based The item was reformulated from the original based

interventions are effective in
increasing students’ math
performance

on the review of the literature. The original was:
“Information and communication technologies
(ICT)”.

Using technology: Monei and Pedro (2017)
Computer-based interventions: Benavides et al.
(2020), Syah et al. (2015).
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5  Motivating children by This new item was added based on the review of
acknowledging and praising them the literature (Ise & Schulte-Kdrne, 2013, as cited
helps students with dyscalculia in in Kucian & Von Aster, 2015).
their learning.

6  Improving reading and listening This new item was added based on the review of
comprehension skills is effective in the literature.
enhancing students’ math learning (to Reading comprehension: Trott (2003)
understand word problems) Listening comprehension: Faramarzi and Sadri

(2014).

7  Consolidation exercises (lots of The item was reformulated from the original based
repetitions, rehearsals) are effective on the review of the literature (Trott, 2003; Ise &
methods to support students with Schulte-Ko6rne, 2013, as cited in Kucian & Von
dyscalculia Aster, 2015). The original item was:

“Consolidation exercises”.

8  Using postcards is helpful in the This new item was added based on the review of
memorization of facts the literature (Trott, 2003).

9  Working in small groups has positive  This new item was added based on the review of
effects on students with dyscalculia the literature (Ise & Schulte-Korne, 2013, as cited

in Kucian & Von Aster, 2015; Monei & Pedro,
2017).

10 Structured lessons beginning with This new item was added based on the review of
more concrete and moving to abstract the literature (Ise & Schulte-Korne, 2013, as cited
concepts is an effective educational in Kucian & Von Aster, 2015).
method for students with dyscalculia

11 Training executive functions by This new item was added based on the review of
teaching students to be organized the literature (Faramarzi & Sadri, 2014).

(making plans, schedules) is an
effective method to support students
with dyscalculia

12 Providing extra time in carrying out ~ The item was reformulated from the original based
activities, and allowing them to work  on the review of the literature (Trott, 2003). The
at their own pace original item was: “extra time in carrying out

activities”.

13 Stimulating attentional control by This new item was added based on the review of

providing visual and auditory aids is
an effective educational method for
students with dyscalculia

the literature (Faramarzi & Sadri, 2014).
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The Results of the Shapiro-Wilk Test of Normality
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Shapiro-Wilk test of normality

Primary and Secondary Statistic df Sig.
Definition and nature of P oY 15 232 000
dyscalculia secondary 941 99 .000
primary .885 232 .000
S t

YHIPTOmS secondary 939 99 000
. primary 812 232 .000

Int t
Hierventions secondary 892 99 000




TEACHERS’ AWARENESS OF DYSCALCULIA 120
Appendix E
Demographic Characteristics of Respondents
Background variables N Total
Gender Male 20 (3.2%) 620 (100%)
Female 600 (96.8%)
Age Mean 40.5 615 (99.2%)
Std. deviation 12
Minimum 19 (3)
Maximum 71 (1)
Mode 28 (24)
The Highest High school 10 (1.6%) 618 (99.7%)
Educational Degree College 55 (8.9%)
Bachelor 377 (60.8%)
Master 58 (9.4%)
Doctoral 2 (0.3%)
Higher education diploma 99 (16%)
received prior to 1991
Other 17 (2.7%)
Teaching Experience  Less than 1 year 47 (7.6%) 620 (100%)
2 - 5 years 132 (21.3%)
6 - 10 years 102 (16.5%)
11 - 25 years 167 (26.9%)
More than 25 years 172 (27.7%)
Grade Level Primary School (1 - 4 grades) 443 (71.5%) 620 (100%)
Secondary School (5 - 11 grades) 177 (28.5%)
Years Teaching at Less than 1 year 81 (13.1%) 616 (99.4%)

This School

2 - 5 years

6 - 10 years

11 - 25 years

More than 25 years

181 (29.2%)
151 (24.4%)
148 (23.9%)
55 (8.9%)

Encountered the Topic
of Dyscalculia Before

No
Yes

Pre-service TT program at
Bachelor Degree
TT program at Master's Degree

TT program at Doctoral Degree
In-service training course

I found and studied materials
myself

I heard about it in some
presentation

I heard about it from my
colleagues/friends

Other

381 (61.5%)
238 (38.4%)
82 (13.2%)

22 (3.5%)
2 (0.3%)

87 (14%)
44 (7.1%)

38 (6.1%)
81 (13.1%)

7(1.1%)

619 (99.8%)
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Background variables N Total
Encountered the Topic No 318 (51.3%) 614 (99%)
of Dyslexia Before Yes 296 (47.7%)

Pre-service TT program at 90 (14.5%)

Bachelor Degree

TT program at Master's Degree 31 (5%)

TT program at Doctoral Degree 5(0.8%)

In-service training course 110 (17.7%)

I found and studied materials 69 (11.1%)

myself

I heard about it in some 52 (8.4%)

presentation

I heard about it from my 92 (14.8%)

colleagues/friends

Other 14 (2.3%)
Encountered Yes 201 (32.4%) 616 (99.4%)
Suspected Cases of No 415 (66.9%)
Dyscalculia During
Professional Career
Whether teachers Yes 406 (65.5%) 556 (89.7%)
would like to No 150 (24.2%)
participate in
additional professional
development courses
on dyscalculia
Additional comments  Courses are needed 11

"It would be nice to make special 2

classes for such children".

"If there are such children, it may

be more effective to teach them

individually or in small groups"

"Very relevant for today"/"It is 2

very important to solve this

problem"

"This topic should be investigated 1

more in depth"

"The topic is new, not quite 2

familiar" "I would
like to understand what
Dyscalculia is?"
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Teachers’ Knowledge of the “Definition and Nature of Dyscalculia”

Appendix F
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Ne Item Primary  Secondary  Total
1 All students with  Disagree Count 94 40 134
mathemgtics Expected Count  96.1 379 134
glyfsfi;‘fiﬁﬁzhm % within 22% 23.7% 22.4%
: Primary and
Secondary
Count 167 69 236
Expected Count  169.2 66.8 236.0
% within 39.0% 40.8% 39.5%
Primary and
Secondary
Count 167 60 227
Expected Count  162.7 64.3 227.0
% within 39.0% 35.5% 38.0%
Primary and
Secondary
Total Count 428 169 597
X2 (2, N=597) = .65, p= .72, phi = .03
2 Dyscalculiais a Count 102 34 136
neurological Expected Count ~ 96.0 40.0 136.0
disorder with a % within 26.1%  20.9% 24.5%
genetic origin. Primary and
Secondary
Count 231 92 323
Expected Count  228.0 95.0 323.0
% within 59.1% 56.4% 58.3%
Primary and
Secondary
Count 58 37 95
Expected Count  67.0 28.0 95.0
% within 14.8% 22.7% 17.1%
Primary and
Secondary
Total Count 391 163 554
X2 (2, N=554) =5.57, p= .06, phi = .10
3 Inappropriate Disagree Count 81 44 125
teaching methods Expected Count ~ 87.7 37.3 125.0
may be the cause % within 204%  27.3% 23.1%
of dyscalculia. Primary and
Secondary
Count 170 65 235
Expected Count  164.9 70.1 235.0
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No Item Primary  Secondary  Total
% within 44.9% 40.4% 43.5%
Primary and
Secondary
Agree Count 128 52 180
Expected Count  126.3 53.7 180.0
% within 33.8% 32.3% 33.3%
Primary and
Secondary
Total Count 379 161 540
X2 (2, N=540) = 2.33, p= .31, phi= .07
4  Dyscalculia Agree Count 182 82 264
significantly Expected Count  184.6 79.4 264.0
interferes with % within 487%  50.9% 49.3%
academlc Primary and
achievement or Secondary
activities of daily DN Count 159 62 271
living that
require Expected Count  154.5 66.5 221.0
calculation % within 42.5% 38.5% 41.3%
ability. Primary and
Secondary
Disagree Count 33 17 50
Expected Count  35.0 15.0 50.0
% within 8.8% 10.6% 9.3%
Primary and
Secondary
Total Count 374 161 535
X2 (2, N=535)= .92, p= .63, phi = .04
5  Students with Agree Count 158 64 222
dyscalculia Expected Count  154.6 67.4 222.0
usually have % within 433%  403% 42.4%
pormal Primary and
1nte11§chal Secondary
capabilities. DN Count 177 81 258
Expected Count  179.7 78.3 258.0
% within 48.5% 50.9% 49.2%
Primary and
Secondary
Disagree Count 30 14 44
Expected Count  30.6 13.4 44.0
% within 8.2% 8.8% 8.4%
Primary and
Secondary
Total Count 365 159 524
X2 (2, N=524) = .42, p= 81, phi = .03
6 Agree Count 151 49 200



TEACHERS’ AWARENESS OF DYSCALCULIA 124
No Item Primary  Secondary  Total
Expected Count  138.5 61.5 200.0
% within 41.6% 30.4% 38.2%
Primary and
Some Secondary
developmental  pN Count 191 92 283
iltstor‘i?r& Is)u‘}h as Expected Count  196.0  87.0 283.0
Hysemantivity % within 52.6%  57.1% 54.0%
Disorder Primary and
(ADHD), may ' Secondary
co-occur with Disagree Count 21 20 41
dyscalculia. Expected Count  28.4 12.6 41.0
% within 5.8% 12.4% 7.8%
Primary and
Secondary
Total Count 363 161 524
X2 (2, N=524) = 10.34, p=.006, phi = .14
7  All students with Disagree Count 74 33 107
dyscalculia have Expected Count ~ 74.7 32.3 107.0
dyslexia. % within 20.6%  21.2% 20.7%
Primary and
Secondary
DN Count 210 94 304
Expected Count  212.1 91.9 304.0
% within 58.3% 60.3% 58.9%
Primary and
Secondary
Agree Count 76 29 105
Expected Count  73.3 31.7 105.0
% within 21.1% 18.6% 20.3%
Primary and
Secondary
Total Count 360 156 516
X2 (2, N=516) = .43, p= .81, phi = .03
8 Ifastudent with  Disagree Count 16 9 25
dyscalculia is Expected Count  17.3 7.7 25.0
properly % within 45%  5.7% 4.9%
supported, Primary and
symptoms can Secondary
disappear. DN Count 204 90 294
Expected Count  203.8 90.2 294.0
% within 57.1% 57.0% 57.1%
Primary and
Secondary
Agree Count 137 59 196
Expected Count  135.9 60.1 196.0
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No Item Primary  Secondary  Total
% within 38.4% 37.3% 38.1%
Primary and
Secondary
Total Count 357 158 515
X2 (2, N=515) = .36, p= .83, phi = .03
9  Unlike dyslexia, Disagree Count 19 8 27
dyscalculia is a Expected Count  18.8 8.2 27.0
relatively rare % within 53%  5.1% 5.2%
dlsorQer, Primary and
affecting only Secondary
1% of students. )\ Count 223 119 342
Expected Count  237.7 104.3 342.0
% within 62.3% 75.8% 66.4%
Primary and
Secondary
Agree Count 116 30 146
Expected Count  101.5 44.5 146.0
% within 32.4% 19.1% 28.3%
Primary and
Secondary
Total Count 358 157 515
X2 (2, N=515)=9.8, p=.007, phi = .14
No Item Primary Secondary Total
10 Inyour opinion, reduced intelligence 120 50 170 (27.4%)
what is the lack of attention 194 76 270 (43.5%)
cause of poor quality of 87 52 139 (22.4%)
dyscalculia? education
o dmage 109 15000
be marked): heredity 147 59 206 (33.2%)
emotional problems 88 44 132 (21.3%)
social problems 70 45 115 (18.5%)
85 25 110 (17.7%)

other problems
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Teachers’ Knowledge of the “Symptoms”
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Ne  Item Primary Secondary Total
1 Understanding Agree Count 210 71 281
and using Expected Count ~ 201.7 793 281.0
mathematical % within Primary  51.6%  44.4%  49.6%
s)y mbols (+, -, x, and Secondary
o DN Count 133 50 183
Expected Count 131.4 51.6 183.0
% within Primary  32.7%  31.3% 32.3%
and Secondary
Disagree  Count 64 39 103
Expected Count 73.9 29.1 103.0
% within Primary  15.7%  24.4% 18.2%
and Secondary
Total Count 407 160 567
X2 (2, N=567) =6.01, p=.049, phi = .10
2 Distinguishing Agree Count 173 59 232
pairs of numbers Expected Count  163.5  68.5 232.0
(e.g,2and5,3 % within Primary ~ 46.1%  37.6% 43.6%
and 8, 6 and 9, 17 and Secondary
and 71). DN Count 137 64 201
Expected Count 141.7 59.3 201.0
% within Primary  36.5%  40.8% 37.8%
and Secondary
Disagree Count 65 34 99
Expected Count 69.8 29.2 99.0
% within Primary 17.3%  21.7% 18.6%
and Secondary
Total Count 375 157 532
X2 (2, N=532)=3.5, p=.17, phi = .08
3 Reading numbers  Agree Count 158 43 201
(e.g., “12” instead Expected Count 1409  60.1 201.0
of “217). % within Primary  42.9%  27.4% 38.3%
and Secondary
DN Count 125 55 180
Expected Count 126.2 53.8 180.0
% within Primary  34.0%  35.0% 34.3%
and Secondary
Disagree Count 85 59 144
Expected Count 100.9 43.1 144.0
% within Primary  23.1%  37.6% 27.4%

and Secondary



TEACHERS’ AWARENESS OF DYSCALCULIA 127
Ne  Item Primary Secondary Total
Total Count 368 157 525
X2 (2, N=525)=15.4, p<.001, phi = .17
4 Difficulties with Count 237 103 340
solving word Expected Count  238.5  101.5 340.0
problems (e.g., % within Primary ~ 65.5%  66.9% 65.9%
SeleC“ng and Secondary
Esltprgig glrelzl/t (e)peratio Count H3 42 155
ns). Expected Count 108.7 46.3 155.0
% within Primary  31.2%  27.3% 30.0%
and Secondary
Count 12 9 21
Expected Count 14.7 6.3 21.0
% within Primary  3.3% 5.8% 4.1%
and Secondary
Total Count 362 154 516
X2 (2, N=516) = 2.3, p=32, phi = .07
5 Difficulty in Count 183 61 244
counting Expected Count 1704 73.6 244.0
(repeating or % within Primary  51.7%  39.9% 48.1%
omitting and Secondary
numbers). Count 108 54 162
Expected Count 113.1 48.9 162.0
% within Primary  30.5%  35.3% 32.0%
and Secondary
Count 63 38 101
Expected Count 70.5 30.5 101.0
% within Primary 17.8%  24.8% 19.9%
and Secondary
Total Count 354 153 507
X2 (2, N=507) = 6.5, p=.04, phi = .11
6 Understanding the Count 197 62 259
concept of time Expected Count 1823  76.7 259.0
(e.g., telling the % within Primary ~ 55.6%  41.6% 51.5%
time). and Secondary
Count 114 59 173
Expected Count 121.8 51.2 173.0
% within Primary  32.2%  39.6% 34.4%
and Secondary
Count 43 28 71
Expected Count 50.0 21.0 71.0
% within Primary  12.1%  18.8% 14.1%
and Secondary
Total Count 354 149 503

X2 (2, N=503) = 8.96, p=.01, phi = .13
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Ne  Item Primary Secondary Total
7 Dealing with Agree Count 165 53 218

money (e.g., Expected Count ~ 153.2  64.8 218.0
knowing the % within Primary  46.5%  35.3% 43.2%
value Of and Secondary
currencies, money  py Count 134 65 199
exchanges).
Expected Count 139.9 59.1 199.0
% within Primary 37.7%  43.3% 39.4%
and Secondary
Disagree  Count 56 32 88
Expected Count 61.9 26.1 88.0
% within Primary  15.8%  21.3% 17.4%
and Secondary
Total Count 355 150 505
X2 (2, N=505) = 5.6, p=.06, phi = .11
8 Performing Agree Count 157 52 209
activities that Expected Count  146.8  62.2 209.0
require % within Primary ~ 45.2%  35.4% 42.3%
sequencing and Secondary
clements (e.g, — py Count 141 6l 202
saying the correct
sequence of the Expected Count 141.9 60.1 202.0
months of the % within Primary  40.6%  41.5% 40.9%
year, days of the and Secondary
week and Disagree Count 49 34 83
seasons). Expected Count 58.3 24.7 83.0
% within Primary  14.1%  23.1% 16.8%
and Secondary
Total Count 347 147 494
X2 (2, N=494) = 7.4, p=.03, phi = .12
9 Understanding Agree Count 187 78 265
abstraf:t concepts Expected Count 185.9 79.1 265.0
fl"f Chlﬂd??n with % within Primary ~ 53.4%  52.3% 53.1%
ysca(?; fla llst and Secondary
Egrrle then DN Count 149 57 206
understanding Expected Count 144.5 61.5 206.0
concrete concepts % within Primary 42.6%  38.3% 41.3%
and Secondary
Disagree Count 14 14 28
Expected Count 19.6 8.4 28.0
% within Primary  4.0% 9.4% 5.6%
and Secondary
Total Count 350 149 499
X2 (2, N=499) = 5.9, p=.052, phi = .11
10 Students with Agree Count 126 44 170
dyscalculia have Expected Count 1189  51.1 170.0
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Ne  Item Primary Secondary Total
difficulties in % within Primary  36.6%  29.7% 34.6%
comparing and Secondary
quantities with DN Count 127 60 187
terms like Expected Count  130.7  56.3 187.0
“more/less”, and % within Primary  36.9%  40.5%  38.0%
“bigger/smaller”. and Secondary

Disagree  Count 91 44 135
Expected Count 94.4 40.6 135.0
% within Primary  26.5%  29.7% 27.4%
and Secondary
Total Count 344 148 492
X2 (2, N=492) =2.19, p=.34, phi = .07

11  Establishing one-  Agree Count 163 65 228
to-one Expected Count 159.7 68.3 228.0
correspondence % within Primary  47.1%  43.9% 46.2%
(e.g., between a and Secondary
g‘f“;g’i:;fnziie; DN Count 141 64 205
objects). Expected Count 143.6 61.4 205.0

% within Primary  40.8%  43.2% 41.5%
and Secondary
Disagree  Count 42 19 61
Expected Count ~ 42.7 18.3 61.0
% within Primary  12.1%  12.8% 12.3%
and Secondary
Total Count 346 148 494
X2 (2, N=494) = .43, p=281, phi = .03

12 Difficulties with ~ Agree Count 167 54 221
writing numbers Expected Count  154.8  66.2 221.0
and symbols (e.g., % within Primary  493%  37.2% 45.7%
inverted or and Secondary
rotated). DN Count 129 60 189

Expected Count 132.4 56.6 189.0
% within Primary 38.1%  41.4% 39.0%
and Secondary
Disagree Count 43 31 74
Expected Count 51.8 22.2 74.0
% within Primary  12.7%  21.4% 15.3%
and Secondary
Total Count 339 145 484
X2 (2, N=484) = 8.5, p=.01, phi= .13

13 Recognizing Agree Count 161 69 230
amounts without Expected Count  162.1 67.9 230.0
counting. % within Primary ~ 47.5%  48.6% 47.8%

and Secondary
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Ne  Item Primary Secondary Total
Count 137 59 196
Expected Count 138.1 57.9 196.0
% within Primary  40.4%  41.5% 40.7%
and Secondary
Count 41 14 55
Expected Count 38.8 16.2 55.0
% within Primary  12.1%  9.9% 11.4%
and Secondary
Total Count 339 142 481
X2 (2, N=481) = .49, p=.78, phi = .03
14 Understanding the Count 154 48 202
concept of Expected Count 1427  59.3 202.0
conservation % within Primary  45.4%  34.0% 42.1%
(e.g.‘,‘ “6”;,“4+2” and Secondary
anivz;—elnt ?éeeach Count 128 56 184
O?her). Expected Count ~ 130.0  54.1 184.0
% within Primary 37.8%  39.7% 38.3%
and Secondary
Count 57 37 94
Expected Count 66.4 27.6 94.0
% within Primary  16.8%  26.2% 19.6%
and Secondary
Total Count 339 141 480
X2 (2, N=480) = 7.69, p=.02, phi = .13
15 Memorizing Count 197 91 288
multiplication Expected Count 2022 858 288.0
tables, formulas % within Primary  58.5%  63.6% 60.0%
and rules. and Secondary
Count 115 43 158
Expected Count 110.9 47.1 158.0
% within Primary  34.1%  30.1% 32.9%
and Secondary
Count 25 9 34
Expected Count ~ 23.9 10.1 34.0
% within Primary  7.4% 6.3% 7.1%
and Secondary
Total Count 337 143 480
X2 (2, N=480) = 1.13, p=.57, phi = .05
16  Understanding Count 197 90 287
multiplication Expected Count  200.8  86.2 287.0
tables, formulas % within Primary  59.5%  63.4% 60.7%
and rules”. and Secondary
Count 106 37 143
Expected Count 100.1 42.9 143.0
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Ne  Item Primary Secondary Total
% within Primary  32.0%  26.1% 30.2%
and Secondary
Count 28 15 43
Expected Count 30.1 12.9 43.0
% within Primary  8.5% 10.6% 9.1%
and Secondary
Total Count 331 142 473
X2 (2, N=473) = 1.89, p=.39, phi = .06
17 Writing numbers Count 146 53 199
in a slow, Expected Count 1403  58.7 199.0
imperfect and % within Primary  44.0%  38.1% 42.3%
illegible way. and Secondary
Count 137 64 201
Expected Count 141.7 59.3 201.0
% within Primary 41.3%  46.0% 42.7%
and Secondary
Count 49 22 71
Expected Count 50.0 21.0 71.0
% within Primary  14.8%  15.8% 15.1%
and Secondary
Total Count 332 139 471
X2 (2, N=471) = 1.39, p=.5, phi = .05
18  Understanding the Count 193 74 267
concept of Expected Count  187.8  79.2 267.0
measure (e.g., % within Primary  58.1%  52.9% 56.6%
weight, length, and Secondary
tempjrat“re’ Count 111 50 161
speed). Expected Count 1132 47.8 161.0
% within Primary  33.4%  35.7% 34.1%
and Secondary
Count 28 16 44
Expected Count 30..9 13.1 44.0
% within Primary  8.4% 11.4% 9.3%
and Secondary
Total Count 332 140 472
X2 (2, N=472) = 1.58, p=A45, phi = .06
19  Difficulty in Count 180 69 249
spatial orientation Expected Count 1754  73.6 249.0
(difficulties in the % within Primary  54.7%  50.0% 53.3%
organization, and Secondary
writing and Count 120 51 171
drawing
difficulties, Expected Count 120.5 50.5 171.0
learning % within Primary  36.5%  37.0% 36.6%

and Secondary
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Ne  Item Primary Secondary Total
geometric Count 29 18 47
elements) and Expected Count  33.1 13.9 47.0
iif;i‘gzs‘g;’n % within Primary  8.8%  13.0% 10.1%
leftnes}si) and and Secondary
rightness)
Total Count 329 138 467
X2 (2, N=467) =2.14, p=.34, phi = .07
20 Difficulty in Count 179 70 249
interpreting and Expected Count  174.5 745 249.0
grasping % within Primary ~ 54.6%  50.0% 53.2%
information from and Secondary
maps, tables and Count 121 59 180
graphs.
Expected Count 126.2 53.8 180.0
% within Primary  36.9%  42.1% 38.5%
and Secondary
Count 28 11 39
Expected Count ~ 27.3 11.7 39.0
% within Primary  8.5% 7.9% 8.3%
and Secondary
Total Count 328 140 468
X2 (2, N=468) = 1.14, p=.56, phi = .05
21  Children with Count 175 75 250
dyscalculia may Expected Count 1753 74.7 250.0
be anxious, % within Primary  54.0%  54.3% 54.1%
nervous and may and Secondary
not concentrate Count 122 53 175
well on learning
mathematics. Expected Count 122.7 523 175.0
% within Primary 37.7%  38.4% 37.9%
and Secondary
Count 27 10 37
Expected Count ~ 25.9 11.1 37.0
% within Primary  8.3% 7.2% 8.0%
and Secondary
Total Count 324 138 462

X2 (2, N=462) = .16, p= .92, phi = .02
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Appendix H
Teachers’ Knowledge of the “Interventions”
No Item Primary Secondary Total
1 Individualized Agree Count 257 103 360
;a;htgagtghzt is Expected Count 2614  98.6 360.0
chil%’ S % within Primary  67.8%  72.0% 69.0%
performance and Secondary
level is an DN Count 96 32 128
effective Expected Count 92.9 35.1 128.0
strategy. % within Primary  25.3%  22.4% 24.5%
and Secondary
Disagree  Count 26 8 34
Expected Count ~ 24.7 93 34.0
% within Primary  6.9% 5.6% 6.5%
and Secondary
Total Count 379 143 522
X2 (2, N=522) = .89, p= .64, phi = .04
2 Stimulating Agree Count 233 103 336
memory helps to Expected Count ~ 237.3 987 336.0
1mprove % within Primary ~ 68.7%  73.0% 70.0%
academic
mathematics and Secondary
achievement DN Count 93 33 126
among children Expected Count ~ 89.0 37.0 126.0
with dyscalculia. % within Primary  27.4%  23.4% 26.3%
and Secondary
Disagree  Count 13 5 18
Expected Count 12.7 53 18.0
% within Primary  3.8% 3.5% 3.8%
and Secondary
Total Count 339 141 480
X2 (2, N=480) = .90, p= .64, phi = .04
3 Providing Agree Count 218 84 302
physical and Expected Count 2122 89.8 302.0
hands-on % within Primary  65.5%  59.6%  63.7%
activities help
children with and Secondary
. DN Count 105 50 155
dyscalculia to
learn Expected Count ~ 108.9 46.1 155.0
mathematics % within Primary 31.5%  35.5% 32.7%
and Secondary
Disagree  Count 10 7 17
Expected Count 11.9 5.1 17.0
% within Primary  3.0% 5.0% 3.6%

and Secondary
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No Item Primary Secondary Total
Total Count 333 141 474
X2 (2, N=474)=2.07, p= .36, phi = .07
4  Technology and  Agree Count 179 73 252
computer-based Expected Count 1763 75.7 252.0
interventions are % within Primary ~ 54.9%  52.1% 54.1%
effective in and Secondary
ereasing DN Count 129 52 181
students’ math
performance Expected Count  126.6  54.4 181.0
% within Primary  39.6%  37.1% 38.8%
and Secondary
Disagree  Count 18 15 33
Expected Count 23.1 9.9 33.0
% within Primary  5.5% 10.7% 7.1%
and Secondary
Total Count 326 140 466
X2 (2, N=466) = 4.02, p= .13, phi = .09
5  Motivating Agree Count 219 94 313
children by Expected Count  220.0  93.0 313.0
acknowledging % within Primary  662%  67.1%  66.5%
and praising and Secondary
them helps
. DN Count 98 39 137
students with
dyscalculia in Expected Count  96.3 40.7 137.0
their learning. % within Primary  29.6%  27.9% 29.1%
and Secondary
Disagree  Count 14 7 21
Expected Count 14.8 6.2 21.0
% within Primary  4.2% 5.0% 4.5%
and Secondary
Total Count 331 140 471
X2 (2, N=471) = .25, p= .88, phi = .02
6  Improving Agree Count 218 86 304
reading and Expected Count  213.6  90.4 304.0
listening % within Primary ~ 65.9%  61.4% 64.5%
comp r'ehensm.n and Secondary
shlls is effective g Count 104 46 150
in enhancing
learning (to % within Primary 31.4%  32.9% 31.8%
understand word and Secondary
problems) Disagree  Count 9 8 17
Expected Count 11.9 5.1 17.0
% within Primary  2.7% 5.7% 3.6%
and Secondary
Total Count 331 140 471
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No Item Primary Secondary Total
X2 (2, N=471)=2.81, p= .25, phi = .08
7  Consolidation Agree Count 216 97 313
exercises (lots of Expected Count ~ 220.8  92.2 313.0
repetitions, % within Primary  65.9%  70.8% 67.3%
rehearsals) are
effective and Secondary
DN Count 96 35 131
methods to
support students Expected Count 92.4 38.6 131.0
with dyscalculia % within Primary  29.3%  25.5% 28.2%
and Secondary
Disagree  Count 16 5 21
Expected Count 14.8 6.2 21.0
% within Primary  4.9% 3.6% 4.5%
and Secondary
Total Count 328 137 465
X2 (2, N=465) = 1.15, p= .56, phi = .05
8  Using postcards ~ Agree Count 215 86 301
is helpful in the Expected Count 2104  90.6 301.0
memorization of % within Primary  66.2%  61.4%  64.7%
facts
and Secondary
DN Count 100 48 148
Expected Count 103.4 44.6 148.0
% within Primary  30.8%  34.3% 31.8%
and Secondary
Disagree Count 10 6 16
Expected Count 11.2 4.8 16.0
% within Primary  3.1% 4.3% 3.4%
and Secondary
Total Count 325 140 465
X2 (2, N=465) = 1.13, p= .57, phi = .05
9  Working in small Agree Count 212 97 309
groups has Expected Count 2162 92.8 309.0
positive effects % within Primary  65.0%  69.3%  66.3%
on students with
dyscalculia and Secondary
DN Count 101 38 139
Expected Count ~ 97.2 41.8 139.0
% within Primary  31.0%  27.1% 29.8%
and Secondary
Disagree Count 13 5 18
Expected Count 12.6 54 18.0
% within Primary  4.0% 3.6% 3.9%
and Secondary
Total Count 326 140 466

X2 (2, N=466) = .79, p= .67, phi = .04
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No Item Primary Secondary Total
10 Structured Agree Count 187 77 264

lessons Expected Count 1844 79.6 264.0
beginning with % within Primary  58.1%  55.4%  57.3%
more concrete
J ot and Secondary
anc Moving to Count 123 54 177
abstract concepts
educational % within Primary  38.2%  38.8% 38.4%
method for and Secondary
students with Disagree  Count 12 8 20
dyscalculia Expected Count 140 6.0 20.0
% within Primary  3.7% 5.8% 4.3%
and Secondary
Total Count 322 139 461
X2 (2, N=461) = 1.05, p= .59, phi = .05
11 Training Agree Count 182 75 257
executive Expected Count  179.5  77.5 257.0
functions by % within Primary  56.5%  54.0%  55.7%
teaching students
b ed and Secondary
0 D ofgalized [ Count 121 54 175
(making plans,
schedules) is an Expected Count 122.2 52.8 175.0
effective method % within Primary 37.6%  38.8% 38.0%
to support and Secondary
students with Disagree  Count 19 10 29
dyscalculia Expected Count 203 8.7 29.0
% within Primary  5.9% 7.2% 6.3%
and Secondary
Total Count 322 139 461
X2 (2, N=461) = .41, p= .81, phi = .03
12 Providing extra  Agree Count 215 97 312
time 1n carrying Expected Count ~ 218.7  93.3 312.0
out activities, % within Primary  67.0%  70.8%  68.1%
and allowing
thern ¢ I at and Secondary
emiowortal  pN Count 95 39 134
their own pace
Expected Count ~ 93.9 40.1 134.0
% within Primary  29.6%  28.5% 29.3%
and Secondary
Disagree  Count 11 1 12
Expected Count 8.4 3.6 12.0
% within Primary  3.4% 0.7% 2.6%
and Secondary
Total Count 321 137 458
X2 (2, N=458) =291, p= .23, phi = .08
13 Agree Count 214 95 309
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Ne

[tem

Stimulating
attentional
control by
providing visual
and auditory aids
1s an effective
educational
method for
students with
dyscalculia

DN

Disagree

Total

Expected Count
% within Primary
and Secondary
Count

Expected Count
% within Primary
and Secondary
Count

Expected Count
% within Primary
and Secondary
Count

X2 (2, N=450) = 2.80, p= .25, phi = .08

Primary
215.6
68.2%

&9
90.0
28.3%

11

8.4
3.5%

314

Secondary Total

934 309.0
69.9% 68.7%
40 129
39.0 129.0
29.4% 28.7%
1 12
3.6 12.0
0.7% 2.7%
136 450




