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Thesis Abstract

Merve Asik, “Examining Early Predictors of Number Sense among First Graders”

The aim of the study was to examine the roles of arithmetic performance, reading
and the cognitive correlates of mathematics learning as working memory, rapid
automatized naming (RAN) and processing speed on number sense, which is defined
as the core of numerical cognition. Participants were 142 first grade students from a

total of 17 state and private primary schools.

To see the interrelationships among number sense and the other variables
aforementioned, correlation analysis was conducted. Correlation analysis indicated
that all the variables significantly correlated to each other except RAN and memory
measures. To investigate how each variable accounts for the variance of number
sense, multiple regression analysis was run. Regression analyses indicated that
arithmetic performance, memory for words and reading comprehension accounted

for significant variance in number sense.

This study also aimed to describe the distinguishing features of first graders who
have good (GNS), average (ANS), and poor number sense scores (PNS) in terms of
the variables. Analysis of variance (ANOVA) and Kruskal-Wallis tests were
conducted to compare the mean differences between the groups. Results showed that
PNS group significantly differed from the GNS group on all the measures. The PNS
group was significantly lower than the ANS on arithmetic performance, memory for
words, RAN, and reading comprehension. The ANS significantly differed from the
GNS on all the measures except RAN and reading comprehension. However, further

research is needed to replicate this study in a longitudinal fashion.



Tez Ozeti

Merve Asik, “Birinci Siniflarda Say1 Algisinin Erken Belitleyicilerinin Incelenmesi”

Bu ¢alismada aritmetik performans, okuma ve matematik 6greniminin bilissel 6geleri
olan isleyen bellek, hizl1 otomatik isimlendirme (HOI) ve isleme hizinin sayisal
bilisin temeli olan say1 algisina etkisinin incelenmesi amaglanmistir. Aragtirmaya
devlet ve 6zel okul olmak iizere toplam 17 ilkdgretim okulunda birinci sinifa devam

eden 142 6grenci katilmistr.

Sayi algist ve belirtilen diger bilesenler arasindaki iliskiyi incelemek i¢in korelasyon
analizleri uygulanmistir. Korelasyon analizleri, HOI ve hafiza diginda tiim
degiskenler arasinda anlamli bir iliski oldugunu ortaya koymustur. Belirtilen her bir
degiskenin sayi algisindaki degisimi ne kadar acikladigini gérebilmek i¢in ise coklu
regresyon analizi uygulanmistir. Regresyon analizleri aritmetik performans, say1
hafizas1 ve okudugunu anlama degiskenlerinin say1 algisindaki degisimi anlaml bir

sekilde acikladigini gostermistir.

Bu ¢alisma ayn1 zamanda iyi (ISA), orta (OSA) ve zayif say1 algis1 (ZSA) seviyesine
sahip birinci sinif 6grencilerinin belirtilen degiskenler agisindan ayiredici
ozelliklerinin betimlenmesini amaglamistir. Gruplar arasi ortalama farklarim
karsilastirmak icin varyans analizi ve Kruskal-Wallis testleri uygulanmistir. Sonug
olarak, ZSA grubu her degisken bazinda ISA grubu ile anlaml1 bir sekilde farklilik
gostermistir. ZSA aritmetik performans, say1 hafizasi, RAN ve okudugunu anlama
degiskenlerinde OSA grubundan anlamli bir sekilde diisiik bir performans
gostermistir. OSA ise, ISA ile RAN ve okudugunu anlama degiskenleri disinda
anlamli farklilik gostermistir. Ancak bu ¢alisma uzun bir dénemi igeren bir arastirma

seklinde tekrarlanmalidir.
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CHAPTER I

INTRODUCTION

The Importance of Mathematical Knowledge

Mathematics is an important discipline to be able to live independently, to establish
social relations and to be employed successfully (Patton, Cronon, Bassett, & Koppel,
1997). Proficiency in mathematics is required to achieve success in the disciplines of
science, technology, engineering, and mathematics, to be competitive in the qualified
workforce (Jordan, Glutting, Ramineni, & Watkins, 2010). Mathematics is such a
necessary skill that has been called “the new literacy” (Schoenfeld, 1995, p. 11). As
the National Council of Teachers of Mathematics (NCTM, 2000) states:
“Mathematical competence opens doors to productive futures; a lack of mathematical
competence keeps those doors closed.” (p.5). It is predicted that in the coming years,
jobs with the highest rate of growth will require people who are proficient in

mathematics and science (National Science Board, 2003).

Turkish Students’ Achievement in Mathematics

Results of international studies that Turkey also participated in, namely TIMSS (The
Trends in International Mathematics and Science Study) and PISA (The Programme
for International Student Assessment), have been reflecting students’ mathematics
achievement since 1995. TIMSS is organized by the International Association for the

Evaluation of Educational Achievement (IEA). PISA has been developed by the



Organization for Economic Co-Operation and Development (OECD). Throughout
the past two decades, TIMSS has put forward the trends around the world on
mathematics and science achievement at mainly fourth and eighth grades. Besides,
this organization has suggested insights on class instruction, learning resources and
environment, teacher education to administrators, teachers, researchers and
educational policymakers. Thus, TIMSS has high importance for educational
changes and improvements. On the other hand, PISA contributes to educational
reforms by focusing on students’ ability to use their knowledge in challenging real
life situations. This organization monitors growth in learning mathematics, science,
and reading of nations all over the world (TIMSS, 2011).

Turkey attended TIMSS 1999, 2007 (with eight graders only) and 2011.
Nonetheless, the average achievement of Turkish students was below both the
international average and averages of all of the participating European countries in
these assessments. A remarkable fact from TIMSS 2011 for Turkey was that 7% of
Turkish students could reach the advanced benchmark and place to the top of the
distribution. On the other hand, only 67% could reach the low benchmark. When
other countries like Slovenia, Finland, and Italy were taken into account, it was
observed that only 3-4% of the participants reached to the advanced benchmark; but
nearly all students (at least 90%) reached to the low level (TIMSS, 2011).

The first time Turkey participated in PISA was in 2003. In that year, the
weighted domain was mathematics and students’ mathematics performance in
Turkey was far below the OECD average. The picture was similar in PISA 2006
when the national curriculum in Turkey was renewed on the constructivist approach.
This approach began to be implemented gradually at schools. In 2008, a new national

central assessment (Seviye Belirleme Sinavi — SBS) replaced the old assessment



(Ortadgretim Kurumlar1 Giris Sinavi — OKS). However, both of the assessments
revealed similar results, very low means in mathematics test as occured in PISA
assessments. But in PISA 2009 mathematics domain, Turkey rose to rank of 31
among OECD countries and 41 among all countries. With that performance, Turkey
was better than the countries like Mexico, Brazil, Serbia and Bulgaria. With this
result, Turkey became one of the five countries like Mexico, Greece, Italy and
Germany, which improved its mathematics scores between 2003 and 2009
assessments. During this time period, the proportion of Turkish students who were
below the basic level in PISA studies decreased from 52% to 42% (PISA 2009
Ulusal On Rapor, 2010).

On the other hand, the picture is not so encouraging when Turkey’s results in
PISA 2009 are examined more deeply in terms of assessment levels. Only 1.3% of
the students, half of the OECD average, could reach Level 6 in Turkey. The largest
sample was in Level 2 whereas the largest sample of OECD countries was generally
in Level 3. Also, the ratio of the students who were below Level 1 in Turkey was two
times the OECD average. Thus, the distribution of students’ proficiency levels in
Turkey showed a right-tailed behavior where the distribution of the OECD countries
was a normal one (PISA 2009 Ulusal On Rapor, 2010).

When all the data above are considered, it is observed that mathematical
capabilities of nations differ much. Some countries demonstrate increasing
performance through the years whereas some of them have a decline in their
assessment scores. The percentages show that there are students who have problems
with some content or cognitive domains of mathematics in the world and in Turkey.
On the part of Turkey, the situation is somewhat promising in that the numbers above

indicate Turkey’s development in mathematics. Nevertheless, this does not change



the fact that Turkey is below the average scores in the assessments mentioned. As
stated above, there are a high number of students who are far below the base
performance level in these assessments. Thus, Turkey’s problem of low mathematics
performance should be overviewed with its possible causes and solutions to improve

this performance should be focused on by the authorities.

The Purpose and Significance of the Study

As seen in the international assessment results, there are still students who have
difficulty in mathematics and show low performance in the assessments.
Remediation studies for these children should not be the only intervention that must
be conducted in the research area. Instead, prevention of this type of difficulties
should be the focus of researchers. For prevention of mathematics difficulties,
children who are at risk should be identified and intervened as early as possible. In
addition, finding the precursors of mathematical learning at early ages is claimed to
support these early identification and intervention studies (Passolunghi, Mammarella,
& Altoé, 2008).

Research reveals that early numeracy skills are crucial for formal schooling
(National Research Council, 2001), and these skills are often called “number sense”
(Gersten, Jordan, & Flojo, 2005). Recent studies have shown that mathematics
difficulties and disabilities have their roots in weak number sense, as well (Landerl,
Bevan, & Butterworth, 2004; Mazzocco & Thompson, 2005). It is also stated that
mathematics difficulties often go along with deficits in working memory (e.g.,
Geary, 1994). Related research revealed an association between deficits in
processing speed and arithmetic performance, as well. (Fuchs et al., 2006; Hecht,

Torgesen, Wagner, & Rashotte, 2001). Moreover, mathematics difficulties often co-



occur with reading difficulties, meaning they share common deficits (Butterworth &
Reigosa, 2007; Jordan, 2007).

To sum up, related literature states that early detection of deficits that cause
later mathematics difficulties should be identified at early ages before or at the very
beginning of formal schooling. There seems to be more than one precursor to be able
to make this detection. Thus, the present study is based on the variables stated that
affect the acquisition of mathematical skills at the initial years of schooling. Since
early numeracy skills are called number sense, this study was mainly based on
number sense. The purpose of the study is to examine the roles of arithmetic
performance, reading and the cognitive correlates of mathematics learning as
working memory, rapid automatized naming (RAN) and processing speed on number
sense, which is defined as the core of numerical cognition.

The results of the study will be important because this study examines the
effect of different variables including arithmetic performance as a measure of
mathematics learning on number sense. However, in related literature there are
several examples of longitudinal studies about the prediction of later mathematics
performance with the use of number sense. The current study reverses the direction
and hypothesizes that arithmetic performance as a math measure may be effective on
explaining the variance in number sense. This study will also show what portion of
number sense is affected by which of the specified variables. The study will indicate
which of the precursors of early mathematics skills which were defined as number
sense are to be included in a possible screening tool to be designed in further studies
to identify children at risk for mathematics difficulties. This study differs from the

previous studies in that it is the first study that describes the characteristics of first



graders in terms of number sense and its relation with reading, working memory,

rapid automatized naming (RAN) and processing speed.



CHAPTER II

LITERATURE REVIEW

Learning Mathematics is Hard for Some People: Mathematics difficulties

In today’s world, mathematics difficulties are a big problematic issue because many
children show significant difficulties while learning mathematics (Dowker, 2004,
2005; Geary, 1993; Ginsburg; 1977; Jordan, Hanich, & Uberti, 2003; Ostad, 1998).
Unfortunately, it is a fact that between 5% and 8% of school age children are
observed to have weaknesses in one or more domains of mathematics such as some
deficits in memory or cognition or the problems with potential neural correlates
(Geary, 2004; U.S. Department of Education, 2000). Some of these students give
effort to keep up with mathematics at their grade level; but some of them have
genuine learning disabilities in mathematics (Barbaresi, Katusic, Colligan, Weaver,
& Jacobsen, 2005). At this point, the difference between students with mathematics
difficulties and with mathematics learning disabilities should be identified more
specifically because there is a considerable difference between them. They both
show nearly the same mathematics performance; but students with mathematics
difficulties show less impaired academic behavior than the ones with mathematics
disabilities (Jordan, 2007). In addition, related studies claim that the problem called
“mathematics learning disabilities” or “dyscalculia” is the severe form of
mathematics difficulties (Butterworth, 2005; Gross-Tsur, Manor, & Shalev, 1996).
Dyscalculia is a single core deficit of number sense, difficulty in mentally
representing and manipulating number magnitudes (Butterworth, 2005). The

National Center for Learning Disabilities (2006) notes that mathematics disability or



dyscalculia is a term referring to a wide range of life-long learning disabilities
involving mathematics skills. Rourke and Conway (1997) described mathematics
disability (MD) or dyscalculia as a specific deficit in learning mathematical concepts
and mathematical computation which is associated with a dysfunction in central
nervous system. The Diagnostic and Statistical Manual of Mental Disorders (DSM-
IV-R, fourth edition text revision) defines mathematics disorders as “mathematics
ability that falls substantially below expected for the individual’s chronological age,
measured intelligence and age-appropriate education” In other words, mathematics
learning disabilities are diagnosed when a student’s mathematical achievement is
below what is expected considering his intelligence and education (American
Psychiatric Association, 1994). Dyscalculia is also characterized by a poor
understanding of the number concept and the number system (Vaidya, 2004). It is
also known as the cognitive disorder, impairing the typical acquisition of arithmetic
skills (Ardila & Rosselli, 2002).

Considering that this study focuses on mathematics difficulties rather than its
severe form, the nature of mathematics difficulties should be reviewed in more
detail. A group of studies suggest that instead of general cognitive deficits,
mathematics learning difficulties have roots in weak number sense which is defined
as the “fundamental elementary ability or intuition about numbers” (Dehaene, 1997,
p. 3). Detailed explanation of number sense takes place in the coming sections.
Research shows that students with weak number sense have difficulty in benefiting
from formal instruction in mathematics (Baroody & Rosu, 2006; Griffin, Case, &
Siegler, 1994). Moreover, related literature suggests that calculation deficiencies
starting from the first year of schooling can turn into weaknesses in number sense in

the coming years (Gersten et al., 2005; Malofeeva, Day, Saco, Young, & Ciancio,



2004). Then, weak number sense may result in poor counting procedures, slow fact
retrieval and mathematics computation problems, which are also features of
mathematics learning disabilities (Geary, Hamson, & Hoard, 2000; Jordan et al.,
2003). Related literature shows that mathematics difficulties may be evident in
problems with (i) math fact automaticity (Garnett & Fleischner, 1983; Jordan,
Levine, & Huttenlocher, 1995); (ii) arithmetic strategies (Geary, 1990; Goldman,
Pellegrino, & Mertz, 1988); (iii) interpretation of word problem sentence
construction (Englert, Culatta, & Horn, 1987); and (iv) word problem solving skills
(Montague & Applegate, 1993).

As stated above, not all children understand number concepts and skills at the
same speed. Some of them need structured support for that or perhaps, they have
already mathematics difficulties (Gersten & Chard, 1999). To be able to identify the
children who need extra support, time, instruction, measuring, and monitoring the
development of mathematical understanding is highly important (VanDerHeyden,
Broussard, Snyder, George, Lafleur, & Williams, 2011). By this way, identification
of children can be realized. Moreover, identifying those who are at risk at early ages
allows these children to participate in prevention services before it is too late (Fuchs,
Fuchs, Compton, Bryant, Hamlett, & Seethaler, 2007).

In order to differentiate children with mathematics difficulties from those
without showing difficulties, there are a few methods to be used. A traditional
method to diagnose students who have mathematics difficulties relies on a
discrepancy between intelligence and achievement. However, this 1Q-achievement
discrepancy method has some technical and conceptual problems (Vaughn & Fuchs,
2003). Firstly, the discrepancy between intelligence and achievement may be due to

the lack of enough academic knowledge at early grades, not because of the existence



of a learning disability. The students at early ages may be unsuccessful; because they
may have not had the adequate academic instruction yet (Seethaler & Fuchs, 2010).
Secondly, this method is criticized for its” wait-to-fail approach” (Vaughn & Fuchs,
2003). This method works if there is a discrepancy between 1Q and achievement.
This means that students should wait and experience failure at mathematics for years
before they are identified as having mathematics difficulty. Thirdly, this method
always leaves a question mark if the discrepancy is because of a disability or poor
teaching (Fuchs & Fuchs, 2006). Therefore, this approach is seen untenable (Siegel,
1989). In 1Q-achievement discrepancy method, a standardized achievement test is
applied, in combination with a measure of intelligence (1Q). Then, a cut-off score to
define who have mathematics problems is determined. At this point, defining the cut-
off score appears to be another problem; because it is arbitrary and it may be
inconsistent between different studies (Fuchs & Fuchs, 2006; Vaughn & Fuchs,
2003).

There are different suggestions for the selection and interpretation of these
cut-off scores. It is stated that a mathematics achievement test score lower than 20™
or 25" percentile, accompanied by a low-average or higher 1Q score are typical
hallmarks of mathematics difficulties or disabilities (e.g., Geary et al., 2000; Gross-
Tsur et al., 1996; Powell, Fuchs, Fuchs, Cirino, & Fletcher, 2009). On the other hand,
Seethaler and Fuchs (2010) use the 15" percentile and Jordan, Hanich, & Kaplan
(2003b) use the 35" percentile. Furthermore, the Early Math Diagnostic Assessment
(EMDA; The Psychological Corporation, 2002a) which is an individually
administered norm-referenced test for use with preschoolers through third grade
students to diagnose mathematics difficulties suggests another cut-off criterion.

Students who score below the 16™ percentile on the EMDA Math Reasoning subtest

10



or the EMDA Numerical Operations subtest at the end of first grade or at the end of
the second year of kindergarten, and those who repeated kindergarten, are identified
as having math difficulty (EMDA,; The Psychological Corporation, 2002a). So, many
researchers concluded that the 25™ percentile is the upper limit and enough to
diagnose learners who struggle in mathematics (e.g., Geary, Hoard, Byrd-Craven,
Nugent, & Numtee, 2007; Murphy, Mazzocco, Hanich, & Early, 2007; Powell et al.,
2009; Vukovic & Siegel, 2010).

IQ-achievement discrepancy method lost the reputation of being the major
approach to identify learning disabilities when the 2004 reauthorization of the
Individuals with Disabilities Education Act (IDEA) was realized. IDEA is a federal
program formed to protect the rights of students with disabilities. This program
defends the idea that every child should get free education that is appropriate for
him/her. IDEA was legislated in 1990 and, reauthorized in 1997 and 2004. The
reauthorization was realized by the President Bush’s signing a law that has brought
new regulations to the implementation of special education services. In this
reauthorization, a new way to diagnose disabilities was presented. This new method
has to do with documenting a child’s inadequate responses to an intervention which
has scientific validity and which is based on research (Fuchs et al., 2007). The
quality of the child’s responses or his/her lack of responsiveness to that effective
intervention provides evidence for poor academic growth or a disability. This
approach is called response-to-intervention (RTI). Mostly, it occurs in a multitier
prevention system, meaning the intervention proceeds step by step.

To be able to implement an RTI model, the first step is to determine the
students who are at risk and who need special attention (Fuchs et al., 2007). The

related literature says that if these students are identified early (in kindergarten or at
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first grade), then this allows them to participate in prevention services before the
problems turn into substantial academic deficits. The prevention services aims to
help these students develop their academic skills as much as their normal achieving
counterparts (Fuchs et al., 2007). In this first step of RT]I, a construct or a set of skills
that stands for a strong predictor of future mathematics disability is to be defined
(Seethaler & Fuchs, 2010). To support this view, the research in reading may be
overviewed. That is, researchers in this area have documented that poor phonemic
awareness and letter-sound knowledge are predictors of future reading difficulty in
young children. Accordingly, reading identification studies have focused on these
predictors. In addition, early intervention efforts for kindergarten and first grade
students who are at risk for reading disability have been proven to be effective
(Torgesen, Wagner, & Rashotte, 1999). Likewise, knowing the predictors of
mathematics difficulties will reveal which variables identification studies of
mathematics should focus on. As a result, intervention services for identified
mathematics difficulties are expected to help strikingly the students who suffer from

this problem.

The Normal Development of Basic Quantitative Skills

For years, researchers thought that children’s understanding of numbers was formed
over a long time. But studies done especially in the last 2 decades have shown that
humans are born with an innate set of quantitative competencies, just as many animal
species (Geary, 2000; 2006).

Geary (2000) proposes in his model that numerical development can be
separated into three stages: infancy and preschool years, primary and secondary

schooling and adulthood. Related literature notes that there is a “primitive number
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processor” as a neural part of human body which makes humans sensitive to
quantities (e.g. Barth, La Mont, Lipton, Dehaene, Kanwisher, & Spelke, 2006;
Butterworth, 1999; Dehaene, 1997; Dehaene & Cohen, 1997; Dehaene, Piazza, Pinel,
& Cohen, 2003; Dehaene, Piazza, Pinel, & Cohen, 2005; Dehaene, Spelke, Pinel,
Stanescu, & Tsivkin, 1999; Feigeson, Dehaene, & Spekle, 2004; Geary, 1994). Even
in the first year of life, human beings show sensitivity to numerical and spatial
representations, ordinal relations like “more” or “less” (e.g., Antell & Keating, 1983;
Cordes & Brannon, 2008; Starkey & Cooper, 1980; Wynn, 1992). A striking
demonstration proves the fact that preverbal infants are sensitive to changes in
quantity, to adding or removing objects, which show also their sensitivity to number
operations. In the context of “the violation-of-expectation paradigm”, Wynn (1992)
showed 5-month-old infants a toy which was then covered by a screen. Then, another
toy was shown and that was also placed behind the screen. When the screen was
removed and there was only one toy present, infants predictably showed surprise and
looked longer to the screen compared to the time when there were two toys. It seems
that the babies expected two objects behind the screen. It is not likely that babies will
learn the numbers 1, 2, 3 or the concept of ratio from their environment in just such a
short time after birth. Then, the claim that they have an inborn sense of nhumbers and
counting is highly plausible (Sousa, 2008).

Wynn’s work (1992) was followed by Kobayashi, Hiraki, Mugitani, and
Hasegawa (2003). They also used the violation-of-expectation paradigm. It is stated
that 5-month old babies were surprised as in Wynn’s experiment (1992) when their
expectation was not fulfilled. The difference in this new study is that Kobayashi et
al.,(2003) combined visual stimuli with auditory stimuli. As different number of

dolls appeared on the screen, one or two tones followed them. Therefore, not only the
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number of the visual stimuli; but also that of auditory stimuli became important for
the infants.

Both studies provided evidence for basic arithmetic ability to be innate in
humans. The follow-up of these studies came from Xu and Spelke (2000). They
showed another aspect of infant sensitivity to quantity. In a dot array experiment,
they showed dots of different numbers and they observed that 6-month-old infants
can discriminate between dot groups of 8 and 16, but not between those of 8 and 12.
This means that infants are successful at discriminating when the ratio between the
objects is large enough.

Similarly, 10- and 12- month-old babies provided evidence for their quantity
discrimination abilities in a study where they were presented a choice between two
quantities of crackers (Feigenson, Carey, & Hauser, 2002a). The experiment started
with the placing of the crackers into opaque containers. Babies saw 1 cracker placed
in the container on the left and 2 crackers placed in the container on the right. It was
observed that infants chose the container with the greater number of crackers. This
experiment showed more than babies’ sensitivity to number of quantities. Babies
succeeded in discriminating between crackers of 1 v.s 2 and 2 v.s 3; but they failed to
distinguish between crackers 2 v.s 4, 3 v.s 4 and 3 v.s 6. This showed that the
number of quantities is important for infants to form representations. In other words,
discriminating between two quantities is possible for infants if the set size of the
quantities does not exceed 3. This is called the “set-size signature of object-file
representations”. Object file representation is the representation in which the
magnitude of the quantities is not explicitly displayed, but only implicitly recognized

by the participants.
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The primary numerical abilities discussed above, or in other words, the
preverbal number knowledge forms the basis for secondary symbolic or verbal
number competencies, which include whole numbers, number relations and number
operations (Jordan, 2010). This symbolic number system is the one which develops
with the input children receive in preschool and kindergarten (Gingsburg, Lee, &
Boyd, 2008; Siegler, 2009). Children need the symbolic number system to be able to
learn formal mathematics at school (Jordan & Levine, 2009).

Feigenson et al. (2004) mention two core systems of numerical
representations. These systems are thought to be innate in humans and in animals. A
formal education or cultural learning is not required to adopt these systems.
Therefore, it can be said that these primary numerical representations do not seem to
need much verbal instruction to develop (Berch, 2005; Dehaene, 1997; Feigenson,
Dehaene, & Spelke, 2004). These abilities develop on their own. The first system is
“approximate representations of numerical magnitude”. Infants and adults form
approximate representations for large amount of quantities in this system. In other
words, they try to estimate and comprehend a large amount of quantity. To test this
ability, experiments of dot arrays are organized. People try to estimate the number of
dots given in the arrays. This representation is important because it combines with
symbolic number competencies later in life. The other core system is “precise
representations of distinct individuals”. In this system, people make estimations
again, but the quantities are smaller this time. Thus, more accurate estimations are
expected from the participants. The cracker experiment mentioned above is mainly
used to test these representations. What is important in this experiment is to be able

to distinguish the difference in quantities between the containers.
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Infancy and preschool quantitative skills development, which is the 1% stage
of Geary’s (2000) number development model, was discussed above. In that period,
the quantitative abilities called “primary abilities” are addressed. These are
numerosity, ordinality, counting and simple arithmetic, all of which will be discussed
below in detail. Primary school age development takes place in the 2™ stage. In this
stage, the secondary quantitative abilities which are number and counting, arithmetic
computations and arithmetic word problems are expected to develop. The most
difficult concept children should learn at this stage may be base-10 structure because
of the national counting word differences. It means that number words in Asian
languages follow a pattern like “ten, ten one, ten two ... two ten one and so forth.
But in European languages, counting words after ten are eleven, twelve ... and they
do not form a pattern. Therefore, learning base-10 structure in European countries or
United States is more difficult for children than their counterparts in Asian countries.
As a result of base-10 structure of the former countries’ children, they have difficulty
in the arithmetic tasks like borrowing or carrying. They have failure in understanding
the value of “1” taken from the tens digit in the operation 15 — 8. This period is also
crucial for arithmetic word problem solving. Especially the wording of the problem
and the lengths of the sentences to be converted to mathematical representation are
the factors to be considered while adjusting the difficulty of the problems (Geary,

2000).

The Cognitive Models of Number Processing

To be able to learn how our innate quantifying mechanisms develop,
neuropsychologists and cognitive neuroscientists stated a variety of models for

number processing. The main question was how numbers around us were encoded
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and manipulated in our brain. Nearly 20 years ago, McCloskey, Sokol and Goodman
(1986) presented the “abstract modular model” to explain this process. In this model,
our number processing system is responsible for translating the Arabic symbols or
number words into semantic representations. By this way, the numerical inputs in
different forms like words, digits or patterns of dots on objects are converted to
abstract quantity codes. Then, these abstract codes are used in processes like
calculation, interpretation of operation signs, retrieval of mathematical facts and
organization of arithmetic procedures (McCloskey, 1992; McCloskey, Caramazza, &
Basilli, 1985). This model consists of 3 distinct parts: the comprehension system, the
calculation system and the number production system. The first one converts
different notations of numbers into a common abstract version. The calculation
system evaluates arithmetic facts as being smaller or bigger and realizes the
calculation procedure subsequently. Lastly, the production system presents the final
output in the desired notation, digit or spoken number words. McCloskey (1992)
assumes that all inputs go to a single abstract representation in his model.

Later, Campbell and Clark (1988) argued that McCloskey’s model did not
completely explain some certain aspects of number processing because it is too
modular. They did not think that numbers are represented abstractly. According to
their encoding-complex model, number processes can involve several separate codes
and are based on multiple forms of internal representations. They hold that there is
not additivity between different notations; but there is an interaction between them.
Therefore, number skills act as multi-component representational structures and have
various combinations according to the type of the task at hand (Campbell & Clark,

1988, p. 204).
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Lastly, we have Dehaene’s Triple Code Model, in which it is proposed that
numbers may be represented in three different codes: auditory-verbal code, visual-
Arabic code and analogue magnitude code (Dehaene, 1992, 1997, 2001; Dehaene, &
Cohen, 1995, 1997). Each mathematical task relies on one or more of these codes. In
the auditory-verbal system, numbers are represented in language modules, in the
form of non-numeric words. Simple calculations, verbal counting and retrieval of
arithmetic facts are based on this verbal system. In visual-Arabic codes, multi digit
operations are mainly performed. The third one, analogue magnitude code directs the

numerical comparison and number approximation.

The Basic Quantitative Skills

Skills related to number concepts and representations at early ages are often called as
number sense. It is also seen as the outcome of early mathematics learning (Clarke &
Shinn, 2004). According to Geary (2000) the early and basic innate quantitative
skills that number sense also includes are subitizing, ordinality (quantity
discrimination or magnitude comparison), counting and simple arithmetic. Therefore,
number sense forms the base for formal mathematics learning at school (Jordan,
Kaplan, Locuniak, & Ramineni, 2007). Subitizing is the ability to determine the
number of quantities without counting. Ordinality is the understanding of concepts
like more, less and equal. Counting is to be able to determine the number of
quantities and use counting words. Lastly, simple arithmetic is to be aware of
increases and decreases in a set with a small number of elements.

Since all these skills are required for normal mathematical development, a
more detailed discussion on each of these skills is needed. Hence, their individual

contribution to mathematical development can be revised and their role in the
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prediction of possible mathematics difficulties can be better understood. Therefore,

each of these basic skills will be discussed in detail below.

Number Sense

Research indicates that early numeracy skills form the basis for formal schooling
(Gersten et al., 2005). But not every child possesses these skills at a highly developed
manner (National Research Council, 2001). Since mathematics is a discipline that
develops in a hierarchy, children who lack the necessary skills or who have less-
developed early numeracy skills will possibly experience the disadvantage of this
situation. This shows the importance of the acquisition of early numeracy skills.
These skills enhance learning of more advanced skills. Success in the acquisition of
these skills can promote children’s self-efficacy for mathematics course. On the other
hand, a failure to achieve high in mathematics in the early years can cause children to
feel less comfortable and worried in future mathematics (Clarke & Shinn, 2004;
Gersten et al., 2005).

These early numeracy skills which are often called number sense are defined
as a “frequently mentioned outcome of informal early math learning” (Clarke &
Shinn, 2004, p.236). The related literature indicates that it is difficult to
operationalize number sense. Therefore, there are many definitions for number sense.

Lago and DiPerna (2010) bunched some of those as in Table 1.
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Table 1. Operational Definitions of Number Sense

Authors

Definition/Key Skills

Gersten and Chard (1999)

Case and Sandieson (1991)

Van De Walle (1990)

Baker, Gersten, Flojo, Katz,
Chard, & Clarke, (2002)

Geary (2003)

Mazzocco and Thompson (2005)

Van Luit (2000)

Howell and Kemp (2005)

Rote learning; object counting; sequencing
numbers; determining which of two numbers is
larger; identifying a missing number in a sequence;
determining which of two numbers is closer to a
third number, and counting on from a given number

Understanding of the number line; bidirectional
knowledge that one can generate a set of objects in
either direction by adding or subtracting one unit;
knowledge of relative magnitude; and knowledge of
the utility of numerical information

Quantities (more and less, one-to-neo
correspondence, cardinality, ordinality, and
understanding of the relative size of numbers);
estimation of set size; comparison of set sizes; and
counting

Quantity discrimination (magnitude
comparison); counting knowledge; number
identification; and working memory

Digit span; magnitude comparison; and writing
numbers from dictation

Reading one-digit numerals; number constancy;
adding one-digit numbers using multiplatives; and
making magnitude judgments between different one-
digit numbers

Counting (order number names in the correct
seguence, one-to-one correspondence, ordinality,
cardinality, counting on, skip counting); subitizing;
concepts of comparison (such as great, most, and
less); classification (ability to arrange objects in a
class or subclass); and seriation (ranking of objects)

Rote counting beyond 10; counting from a
number other than 1; numerical recognition to 10;
sequencing numerals 1-10; temporal sequences;
making equivalent groups; distinguishing between
quantity and size; comparison of quantity to 5
(most/least); and comparison of spoken numbers
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Number sense conceptually relies on early numeracy skills that form the basis of
numerical knowledge. This numerical knowledge is related to counting, patterns,
magnitude comparison and simple arithmetic calculation, as stated above (Berch,
2005; Gersten et al., 2005; Jordan & Hanich, 2003). Another operational definition
of number sense is counting skill, number knowledge and the ability to transform
numbers by addition and subtraction (Jordan et al., 2007). Number sense is also
defined as the awareness that numbers represent quantity and have magnitude, and
numbers are in a fixed order in a counting sequence (Griffin, 2004). It refers to the
understanding of whole numbers, number operations and the relations between
numbers (Malofeeva et al., 2004; NRC, 2009).

Number sense includes abilities of perceiving and interpreting small
quantities, comparing numerical quantities, counting and doing simple arithmetic
calculations (Berch, 2005). It is a crucial element for learning mathematics and it
takes its root in early childhood period (Jordan, 2010). Therefore, number sense
gives an insight into a child’s early experiences and his/her cognitive level (Dowker,
2005; Lipton & Spelke, 2003).

There is a controversy on not only the definition of number sense, but also the
question of how we gain number sense. Some researchers believe that it is a lower
order and innate ability, developing with experience. And some others say that it is a
higher order ability, developing via formal and informal teaching with experience
(Berch, 2005).

The primary (nonverbal) number sense needs no verbal input or instruction to
develop or very little. It is present when the individual is just an infant (Dehaene,
1997). This preverbal or primary number sense is the basis for secondary symbolic

number sense (Feigenson et al., 2004). Secondary (symbolic or verbal) number sense
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includes whole numbers, number relations and number operations (Jordan, 2010).
Therefore, it acts as a mediator for learning mathematics at school. Number sense is
found to have mainly two dimensions; (a) conventional factor that includes number
combinations and story problems and (b) basic number skills factor that includes
counting, number knowledge and nonverbal calculation (Jordan, Kaplan, Olah, &
Locuniak, 2006).

Apart from the dimension perspective, number sense is overviewed in terms
of its components. Number sense is stated to have 5 main components; counting,
number knowledge, number transformation, estimation, number patterns. Counting
is stated to “put abstract number and simple arithmetic within the reach of the child”
(Baroody, 1987, p.33). This means that counting enables a child to give numbers and
arithmetic their meaning. Weaknesses in counting are stated to play a crucial role in
revealing mathematics difficulties (Geary, 2003). Secondly, number knowledge
includes mainly discriminating between quantities and it was found to be a strong
predictor of arithmetic achievement at first grade (Baker et al., 2002). Number
transformations include making calculations in verbal or nonverbal contexts, with or
without a physical or verbal manipulative. Estimation is an ability that goes hand in
hand with arithmetic development (Dowker, 1997; Rubenstein, 1985). Even around
the age of 4, children can estimate a small amount of set sizes (Baroody & Gatzke,
1991). Lastly, being aware of number patterns enhances automaticity, as to be
mentioned in arithmetic development part. This is because children see the
relationships between number combinations as they master number patterns (Threfall
& Frobisher, 1999). In other words, children better realize that 4 + 2 = 6 because 3 +
3=6and 4 is 1 morethan 3, 2 is 1 less than the other 3, so the result does not

change.
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Number sense development is heavily influenced by children’s home
experiences with number concepts (Case & Griffin, 1990). Literature says that
engaging children in number activities and mathematical games help their
developing basis for number knowledge (Gersten et al., 2005). Correspondingly, in a
study, children who are at risk for mathematical difficulties were spent effort on to
teach number sense, and these experienced children demonstrated significant gains
on first grade mathematics outcomes when compared to the control group (Griffin,
Case, & Siegler, 1994).

Children’s number sense is also correlated with the income level. Considering
one of the components of number sense stated above, number knowledge, it is found
that middle-income children have better developed number knowledge than low-
income children at kindergarten level (Griffin et al., 1994). Likewise, Jordan and
colleagues (Jordan et al., 2006) demonstrated that children from low-income families
entered with a generally low-level number sense. They are claimed to have
difficulties especially with mathematics story problems based on simple arithmetic.
A possible reason for this is that these children may gain fewer experiences with both
numbers and literacy. Even after being exposed to a systematic mathematics
curriculum and teacher instruction, this income gap does not disappear. These
children start learning mathematics through formal schooling with a disadvantage.

As stated above, number sense is found to be important for children’s
learning tracks in mathematics during elementary school time (Duncan, Dowsett,
Classens, Magnuson, Huston, & Klebanov, 2007; Jordan, Kaplan, Ramineni, &
Locuniak, 2009). Furthermore, early number sense is found to highly predict
important math outcomes at school (Okamoto & Case, 1996; Baker et al., 2002). It

allows children to relate mathematical principles to mathematical procedures
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(Gersten et al., 2005). According to Berch (2005), number sense enables a child to
perform problem solving tasks. During this process, the child understands the
meaning of numbers and develops strategies. S/he makes number comparisons,
creates procedures to use numbers and brings together his / her knowledge to
interpret mathematical information.

Besides, it is stated that students who show mathematics difficulties later in
life may actually have developed a weak sense of number in primary school (Geary,
Bow-Thomas, & Yao, 1992). In other words, number sense is claimed to predict later
mathematics achievement outcomes (Clarke & Shinn, 2004). In a screening study,
early number sense is found to be a reliable and powerful predictor of math
achievement at the end of first grade (Jordan et al., 2007). In this study, number
sense was proved to account for 66% of the variance in first grade math achievement.
Deficits on number sense are revealed by weak counting procedures, slow fact
retrieval and inaccurate number computation (Geary, Hamson, & Hoard, 2000;
Jordan et al., 2003a, 2003b) and these deficits may lead to deficient calculation skill
and risk for developing mathematics disabilities (Mazzocco & Thompson, 2005).
Therefore, number sense seems to be a very important variable in predicting
difficulties in mathematics. Then, to screen students for number sense at an early age
can prevent problems that students may face while doing mathematics in coming

years.

24



Subitizing

Subitizing is the rapid perception of numerosities (Kaufman, Lord, Reese, &
Volkmann, 1949; Nan, Knosche & Luo, 2006). It is defined as the ability to
determine the quantity of small sets without counting. It is seen as the primitive
cerebral process of counting (Sousa, 2008). It is a necessary process for young
children to develop abstract number representations and arithmetic strategies
necessary for counting (Clements, 1999).

In a related study, the children with arithmetic disabilities were found to be
slower in processing numbers and subitizing tasks when compared to their normal
achieving counterparts (Koontz & Berch, 1996; Landerl et al., 2004; Rouselle &
Noel, 2007). But this does not mean that all children who have arithmetic problems
also have subitizing problems. The ratio of having both of these problems ranged
from 33% to %79 in the age range of 7 to 17, for children who have arithmetic
disabilities (Desoete & Gregoire, 2007; Fischer, Gebhart, & Hartnegg, 2008).
Nonetheless, this is a percentage that should be taken into account. It indicates that
subitizing can be used as a predictor of mathematical difficulties in screening studies.

It is expected to prove effective when integrated with other predictor factors.

Quantity Discrimination

Quantity discrimination (QD) or magnitude comparison means distinguishing which
of two numbers or which of two sets of objects is larger than the other. It may also
refer to which of two numbers is closer to a third number (e.g., which number is

closer to 6, 3 or 5?). Together with counting, it helps children do number operations
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(Jordan et al., 2010). Quantity discrimination requires that children know which
number in a pair is larger (Desoete, Ceulemans, Roeyers, & Huylebroeck, 2009;
Gersten & Chard, 1999; Hannula & Lehtinen, 2005; Xu & Spelke, 2000).

At the age of 4, children start discriminating between quantities (Case &
Griffin, 1990; Griffin, 2002, 2004). They can tell which group of objects is more or
less. And, by the age of 6, most children bring their quantity discrimination
knowledge together with their counting knowledge to form a mental number line
(Siegler & Booth, 2004). Mental number line is defined as a central structure for
whole numbers and it enables children to understand the quantitative worlds around
them better (Griffin, 2002). Using mental number line, they understand that, for
example 8, which is later in the count list than 5, is greater than 5 (Griffin, 2004).
The mental number line is like the one that students learn at school; but it has one
important difference (Sousa, 2008). Not all the numbers are placed equally on a
scale. As the numbers mentioned get larger, the number line compresses the distance
between them. Hence, this makes it difficult for the children to compare large
numbers. For example; children can decide which is the larger one, 4 or 5, faster than
for the numbers, 86 and 87. The larger pair involves numbers that stand closer to
each other on the mental number line. Mental number line provides people with an
intuition and imagery about numbers; but it is limited since it includes no negative
numbers. Thus, teachers should construct other mental models to enhance complete
understanding of mathematics (Sousa, 2008).

As mentioned above, numerical size of the numbers determines to be able to
compare them easily. This shows that reaction times of people are in a direct
relationship with the numerical size of the stimuli. This is called the numerical size

effect. On the other hand, when people are to compare two quantities, there is an
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inverse proportion between the numerical distance between the numbers and the
reaction times. This is called the numerical distance effect. The studies observing QD
indicates that the larger the distance between the numbers compared, the faster and
more correct answers were taken from the children (Dehaene, 1997; Dehaene,
Bossini, & Giraux, 1993; Gevers, Lammertyn, Notebaert, Verguts, & Fias, 2006;
Zhou, Chen, Chen, & Dong, 2008). Moyer and Landauer (1967) were the first people
to review QD in terms of reaction times (RTs) and get to the result stated above.
They presented participants pairs of digits and asked them to press the key that is
near to the largest pair. They observed that the reaction time was longer if the digits
are close to each other like 8 and 6 rather than 8 and 2.

QD is an important variable in number sense screening studies. It was
demonstrated to be a better measure of early mathematics at kindergarten (Chard,
Clarke, Baker, Otterstedt, Braun, & Katz, 2005) and first grade (Clarke & Shinn,
2004) when it is compared to measures like oral counting (OC), number
identification (NI) and missing number (MN). It has significantly higher correlation
than OC, NI, MN with early mathematics measures like Woodcock-Johnson Revised
(WJ-R) Applied Problems Subtest (Woodcock & Johnson, 1989) and Number
Knowledge Test (NKT; Okamoto & Case, 1996). It was found to be the most reliable
measure of early mathematics and the strongest indicator for early identification
(Clarke & Shinn, 2004). Also, QD was found to be an important predictor of
variation in arithmetic abilities (Durand, Hulme, Larkin, & Snowling, 2005). Thus,

QD can be considered as a variable, predicting mathematical difficulties.
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Arithmetic

According to Piaget and Szeminska (1941), there are four logical abilities as the
requirement of the development of arithmetic. Piaget (1965) believed that the
development of number comprehension can be completed if and only if these four
abilities are mastered by the child. They are seriation, classification, conservation
and inclusion. Seriation is the ability to classify a number of objects, considering the
differences of their dimensions, ignoring their similarities. It involves ordering of
objects, even events. Asking children to order blocks from the smallest to the largest
can be used as a task for this ability. Moreover, the order of events in their lives can
be asked. It seems inherently nonverbal and even monkeys show some ability of
seriation (McGonigle & Chalmers, 1992). Also, this ability seems to be important for
predicting number line and number language comprehension in early years (Kingma,
1984; Kingma & Zumbo, 1987). Classification is to classify objects, considering
their similarities in one or more dimensions. At this stage, the child makes decisions,
considering certain attributes of objects. For this ability, sorting activities according
to sizes, shapes, colors, etc. can be used. The inclusion principle is based on seriation
and classification. It is to be able to understand that numbers are indeed series which
contain each other. Or, a set of objects can be the elements of another set, just as the
boys in a class are also the members of the whole school. Inclusion is seen as the
highest form of classification (Piaget & Szeminska, 1941). Lastly, conservation is
feeling confident in that the number of objects in a collection can only change after
adding or taking out object(s). Sample tasks can be giving two equal rows of
materials, asking which row contains more and then spreading out the rows and

asking again. Piaget and Szeminska (1952) stated that young children around 5 or 6
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ages do often fail conservation of number tasks. Furthermore, Piaget and his fellows
suggested that children do not develop a complete understanding of arithmetic before
they are seven or eight years old. But many researchers after Piaget have
demonstrated that children do not lack of cognition at that age, that much (e.qg.,
Fuson, 1988). These researchers believed that these children have number knowledge
and number skill more than Piaget claimed they have.

Arithmetic achievement is necessary to turn linguistic and numerical
information into mathematical equations, to interpret mathematical concepts and
operations, to select appropriate backup strategies for problem solving (Dowker,
2005). Children use a variety of ways (strategies) to perform arithmetic operations
and arithmetic problems. Counting and memorization-retrieval are examples of these
strategies (NRC, 2001). During the initial execution of arithmetic operations,
children use counting strategies to perform an arithmetic task. After some time,
especially between the ages of 7 and 12, children’s counting procedures tend to
convert into memory representations of basic arithmetic facts (Siegler & Shrager,
1984). These representations require speedy access to long-term memory. Then,
memory-based problem solving processes start to take place. During these problem
solving processes, access to memory makes the concept “automaticity” appear. An
example of these processes can be direct retrieval as “8” quickly in a problem like “5
+ 3”. Another example is decomposition of an operation like “6 + 7. Here, the
student retrieves the answer to “6 + 6”, and then answers the main problem by
adding “1” to his/her retrieval.

All these show that automaticity and speed of processing are in the broad
domain of arithmetic skills. Hence, these two may be two important characteristics of

mathematics skill proficiency.
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Counting

The knowledge of counting is crucial for extending humans’ quantitative
understanding far beyond small numbers (Baroody, 1987; Baroody, Lai, & Mix,
2006; Ginsburg, 1989). Humans learn to say the counting words quickly after they
learn to talk (Fuson, 1988). Before kindergarten, most children adopt the key
counting principles (Gelman & Gallistel, 1978). These principles are thought to
govern children’s counting.

According to Gelman and Gallistel (1978), young children start counting
between the ages of about 2 and 5. During this period, children’s counting is
controlled by five key counting principles.

1. The one to one principle: Each object to be counted is assigned by one
and only one number word.

2. The stable — order principle: There is a stable order of number words.
Therefore, when somebody is counting a set of objects, s/he should
always start from “one” and go on like “two, three, ...”

3. The cardinality principle: The counting procedure should be so
correct that the final counting word should indicate the number of
items in the set counted.

4. The abstraction principle: Not only concrete objects, but also abstract
objects can be counted in the same way.

5. The order - irrelevance principle: The order in which the items in a
set are counted is negligible; it does not change the number of

elements in that set.

30



According to Dowker (2005), counting knowledge involves both procedural and
conceptual aspects. The procedural knowledge is about a child’s ability to complete a
counting task and determine the number of objects in a collection (Le Fevre, Smith-
Chant, Fast; Skwarchuk, Sargla, & Arnup, 2006). Conceptual knowledge reveals a
child’s understanding of why a specific procedure works in a given situation. Also,
conceptual counting knowledge is a sign of understanding the counting principles
mentioned above (Gallistel & Gelman, 1992; Le Fevre et al., 2006; Wynn, 1992). In
many studies, the importance of procedural and conceptual counting knowledge in
the development of arithmetic abilities is mentioned (Baroody, 1992; Frank, 1989;
Fuchs et al., 2007; Gersten et al., 2005; Johansson, 2005; Le Corre, Van de Walle,
Brannon, & Carey, 2006; Le Fevre et al., 2006; Sophian, 1992; Van de Rijt & Van
Luit, 1999).

As children gain counting knowledge, they start to construct efficient
counting strategies. These strategies are mainly count-all and count-on strategies. In
count-all strategies, children use the long sum- technique; they start counting from
one and count all the addends. It is like starting from 1 and counting up to 8 for the
addition operation 3 + 5. In the second technique, count-on, children can use two
ways of counting. They can use count-from-first; it means that they start from
counting from the first addend 3 in the operation 3 + 5 and count 5 over it. In the
second way, they use min-counting strategies. They start counting from the larger
addend so that the operation is easier and counting lasts shorter. They start counting
from 5 for the operation 3 + 5 (Hopkins & Egeberg, 2009).

Children can often tell the counting words automatically before going to
formal school. In addition, they seem to carry the inherent knowledge of counting

principles at school age (Fuson, 1988; Gelman & Gallistel, 1978). Nonetheless, some
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people have the ‘principles first’ view (Gallistel & Gelman, 1992) whereas some
others suggest that the verbal counting knowledge is a prerequisite for learning the
counting principles (Fuson, 1988). This means that some people believe that children
must learn the counting principles first and then counting knowledge develops. But
some other people are for the idea that children should gain counting knowledge first
and then they get ready for learning the counting principles. According to this
opinion, children first gain skills for counting. Then, the experience they get guides
them to learn the counting principles step by step. For example; they can learn about
the order-irrelevance principle when they start counting objects in different orders
and always find the same final number at the end. Nonetheless, related literature does
not support any of these ideas, meaning both of them may be partially correct
techniques.

Related literature shows that children who did not have adequate counting
knowledge showed deficiency in their numeracy skills and this stituation often
resulted in arithmetic disabilities (Aunola, Leskinen, Lerkkanen, & Nurmi, 2004;
Gersten et al., 2005). Furthermore, children who had disabilities in arithmetic were
found to make more errors in counting and still show deficiencies in conceptual
understanding even at the age of 6 (Geary, Bow-Thomas, and Yao, 1992). Likewise,
it is stated that early difficulties in counting forecast later difficulties in arithmetic
domain of mathematics learning (Geary, Hoard, & Hamson, 1999). In a longitudinal
study during the period between preschool to second grade, counting ability was
found to be the best predictor of the beginner level arithmetic performance (Aunola
et al., 2004). In other studies, counting was found to be a precursor of early
mathematics learning. This shows that the effect of counting is not limited only to be

on arithmetic (Mazzocco & Thompson, 2005; Passolunghi, Vercelloni, & Schadee,
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2007). More than that, Dowker (2005) demonstrated that children who had
difficulties in any aspect of counting showed overall - below average mathematical
performances. Therefore, counting is an important predictor that should be

considered in mathematical difficulty screening studies.

To Remediate or to Prevent Mathematics Difficulties: Early Math Screening

Today, research on valid screening for potential math difficulties and students at risk
is still in its infancy (Gersten et al., 2005). To start with, the time for screening
should be determined. Related literature suggests that screening studies to identify
students who are at risk for mathematics difficulties should be delayed until the end
of or after first grade (Seethaler & Fuchs, 2010). Otherwise, students’ low
performance may be due to developmental or experimental delay rather than risk for
mathematics difficulties. A similar situation is observed in the screening studies for
future reading disability. It is demonstrated that screening for future reading
disability at an early age produces a high proportion of false positives, meaning
students who are identified as having reading disability does not have it, in fact
(Catts, Petscher, Schatschneider, Bridges, & Mendoza, 2009). And this result forces
schools to provide intervention to students who do not really need help.

To examine the risk of math difficulty, some screening instruments developed
in the world are cited in the literature. The first study to report was of Baker et al.,
(2002). The sample size was nearly 64 — 65. The screening was done in the spring of
kindergarten and the outcome was gained in the spring of first grade. The screening
measures were Number Knowledge Test (Okamoto & Case, 1996), digit span
backward, numbers from dictation and magnitude comparison. The outcome

measures were the Stanford Achievement Test 9 (SAT-9) and Number Knowledge
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Test (NKT) again. The correlation values between screening and outcome measures
were given in the table. In this study, no information on decision utility is provided.
An additional screening study is by Gersten et al. ‘s (2005). They concluded that a
screening instrument for 5- and 6- year-olds which is based on the skills of counting /
simple computation or a sense of quantity / use of mental number lines gives
evidence of risk of mathematics difficulty since these skills are seen as aspects of
number sense and number sense is known to predict future mathematics outcomes
(e.g., Dehaene, 1997; Okamoto & Case, 1996). Specifically, the aspects of number
sense such as counting skill or quantity discrimination may provide useful
information for forecasting young students who are at risk for mathematics disability
(Gersten et al., 2005).

In order to determine who has difficulty in mathematics and really needs help,
educators may better focus on screening studies that are based on the possible
predictors of mathematics difficulties. The screening studies presented above include
many measures of number sense since number sense is stated to be one of those
predictors. These measures are examples of the skills mentioned in the development
of quantitative skills part. However, it is better to look for more factors that influence
mathematics learning performance and that will be added to these screening
measures. For example, intelligence and reading are only two of these factors
suggested to be focused on in related literature. It is stated that future work should
examine the discriminant validity of screening batteries in terms of 1Q and reading to
increase the effectiveness of a screener (Seethaler & Fuchs, 2010). Within the
framework of this study, the rest of the factors that affect mathematics development

and that are to be included in screening studies are reviewed below.
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The Cognitive Correlates of Mathematics Development

General cognitive competencies related to working memory, visual attention (called
processing speed and rapid automatized naming in this study), and language
understanding are considered to enhance the development of early number skills
(Aunola et al., 2004; Fuchs, Compton, Fuchs, Paulsen, Bryant, & Hamlett, 2005;
Geary, 2004; Klein & Bisanz, 2000). Therefore, these constructs are taken into the

scope of this study and reviewed in the following sections.

Working Memory

Working memory is defined as the ability to keep items in memory while performing
another task (Daneman & Carpenter, 1980). It is believed to have an important role
in the acquisition and use of basic skills in education (Hitch & McAuley, 1991).
Recent research has been working on the role of working memory in mathematical
processes. Working memory is responsible for the processes that are involved in the
control, regulation and maintenance of information in our cognition. It is also called
the workspace or blackboard of the brain (Atkinson & Shiffrin, 1971; Miyake &
Shah, 1999). According to the most cited multi-component working memory model
in the literature, Baddeley and Hitch’s model (1974), there are two slave systems, or
short-term storage systems, called phonological loop and visual-spatial sketchpad.
The former is responsible for storage and rehearsal of the verbal information whereas
the latter keeps visual and spatial information. There is also a central executive, the
core of the working memory, which supervises information integration and

coordinates both of these slave systems. The tasks to measure the working memory
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systems differ from each other, as well. Recall of digit and word sequences assesses
the phonological loop whereas recall of visual patterns or sequences of movement do
visual-spatial sketchpad (Passolunghi et al., 2008).

Deriving from the facts above, it is not surprising for many authors to have
found that memory is related to the acquisition of numerical and arithmetic
knowledge at early ages like first and second grade; more specifically, working
memory has a very crucial role in calculation and word problem solving as the two
main processes of mathematics skills (e.g., Bull & Sherif, 2001; Fuerst & Hitch,
2000; Geary et al., 2000; Hitch, 1978). One of the slave systems, visuospatial
sketchpad has been found to best predict early number skill acquisition and
arithmetic calculation performance in younger children, where the phonological loop
and the central executive seems to be involved in the activities related to counting
and solving arithmetic word problems (McLean & Hitch, 1999; Passolunghi,
Cornoldi, & De Liberto, 1999; Swanson & Sachse-Lee, 2001). By the end of first
grade, verbal working memory takes the role of visual-spatial working memory and
becomes the best predictor of arithmetic performance. Meanwhile, phonological loop
and central executive goes on supporting to solve problems verbally (Swanson &
Sachse-Lee, 2001).

Working memory has been concluded to be a central deficit in children who
have mathematical difficulties (Geary, 1993; Hitch & McAuley, 1991; Passolunghi
et al., 1999; Passolunghi & Siegel, 2001; Siegel & Ryan, 1989; Swanson, 1993). It is
found that the performance of children who have mathematics learning disability on
a working memory task is impaired if the task involves processing numerical
information; but their performance is similar to that of normal achievers if the task

involves sentence processing (Siegel & Ryan, 1989). In addition to that, Hitch and
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McAuley (1991) confirmed this finding by showing that children with specific
difficulties in mathematics had a selective impairment in numerical information
working memory tasks, not verbal span tasks. On the other hand, Passolunghi and
Siegel (2001) showed that children with mathematics disability had difficulty in both
working memory tasks; numerical and verbal.

The distinction between working memory and short term memory should also
be made clear. Short term memory is based on a passive storage system. It recalls the
information gained without making any change on it. On the other hand, working
memory is more active and holds information by making some manipulation or
transformation on it (Cantor, Engle, & Hamilton, 1991). When short term memory
and working memory are compared in terms of their effects on mathematics
performance, working memory, but not short term memory, is observed to
accompany the difficulties in mathematics problem solving or arithmetic (Geary et
al., 1999; Passolunghi & Siegel, 2001). Working memory has been shown to be a
very significant predictor of mathematical achievement (Keeler & Swanson, 2001).
Following studies which included different memory measures confirmed this
observation, as well. Short term memory did not account for the variance of
prediction of mathematics ability in these studies (Bull & Johnston, 1997;
Butterworth, Cipolotti, & Warrington, 1996). Moreover, in a study of first and
second graders, it was demonstrated that both short term and working memory
predicted mathematics achievement at first grade. On the other hand, only working
memory predicted mathematics performance in second graders. This is possibly
because short term memory helps calculation strategies become automatic at early
ages and first graders benefit from this situation more. In second grade, there are

more complex tasks and they require working memory more than short term
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memory. For example; word problems with larger addends demand selecting the
relevant information and focusing the attention on it. Working memory is the one

that is involved in these processes considered in this study (Passolunghi et al., 2008).

Processing Speed

Processing speed is the efficiency with which simple cognitive tasks are performed
and is claimed to represent a second promising construct for mathematical abilities
after working memory (Case, 1985). It helps a person plan and stay on a task. These
tasks can be identifying letters or words, naming numbers, quickly scanning,
recognizing the stimuli around, perceiving the differences within visual information,
ordering this visual information. It may even determine how quickly a person can
count numbers. Research has shown that there is an association between deficits in
processing speed and in arithmetic achievement; but there is not much study on this
relationship. Among these limited number of studies, one suggests that processing
speed is related to reading, mathematical and memory skills (Bull & Johnston, 1997).
In this study, Bull and Johnston (1997) observed 7 year old children and used
measures of short term memory, long term memory and processing speed. The
measure of processing speed was visual matching tasks from Woodcock Jonhson I,
which were also used in this study. The children were separated into two groups; low
and high ability mathematics groups. When reading ability of these children was
controlled, processing speed became “the best predictor of mathematics ability” (Bull
& Johnston, 1997, p.19). It should be noted that the children participating in this
study used the mathematical skills, basic math facts and memorizing rather than
higher level mathematics and this shows the skills processing speed is more effective

in mathematics. In more recent studies, a relation between processing speed and
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competency with arithmetic has been revealed, as well. Processing speed was found
to be a significant predictor for arithmetic (Fuchs et al., 2006; Hecht et al., 2001).

If processing speed is overviewed in this section, math fluency is a concept to
mention about because math fluency measures a person’s processing speed while
s/he is solving mathematics problems. It is acquired by practicing basic mathematical
facts over and over so these facts become automatic. Math fluency with mathematics
operations is a feature of mathematical learning at early ages and it is associated with
basic knowledge of key calculation principles (Jordan et al., 2003a). Related
literature supports the idea that math fluency is a necessity for mathematics
achievement at all levels (Hecht et al., 2001) because the more fluent a child in basic
arithmetic skills, the easier it will be for that child to perform a given higher level
mathematics task. In other words, the automaticity that math fluency provides a child
with becomes the foundation for more complex mathematics skills. It is predicted
that by repeated instruction and doing practice, mathematical facts processing shifts
from a quantitative region of our brain to a region related to automatic retrieval
(Dehaene et al., 1999, 2003). And, recent fMRI studies supported this claim by
observing shifts of activations from frontal lobes to parietal lobes during shifts from

untrained math problems to trained ones (Delazer et al., 2003).

Rapid Automatized Naming (RAN)

Rapid Automatized Naming (RAN) requires a person to rapidly perceive and name a
series of objects, colors, letters or numbers. Rapid letter naming is seen as a predictor
for beginning readers. Likewise, rapid number naming is sometimes included as a

predictor of number sense (Baker, Gersten, & Keating, 2000). Researchers argue that

RAN is critical for number concepts and skills (Berninger & Richards, 2002). Clarke
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and Shinn (2004) states that the measures of RAN are predictive of the rate of
development of math skills from fall to spring of the 1* grade. Being consistent with
this result, an association between naming speed and mathematics performance is
hypothesized by other researchers (Waber, Forbes, Wolff, & Weiler, 2004).
Therefore, it can be concluded that deficits in naming speed may also be related to
mathematics difficulties. But it should also be noted that there is not much research
that investigated the predictive behavior of RAN for later mathematics achievement

(Chard et al., 2005).

Reading

Number sense is thought to be surrounded by cognitive functions of the brain; but is
seen as independent from memory, language and spatial knowledge (Gelman &
Butterworth, 2005; Landerl et al., 2004). Despite this suggestion, there is an observed
high co-occurrence between math and reading/language difficulties (Butterworth &
Reigosa, 2007; Jordan, 2007). Badian (1983) and Knorpik, Alarcon and DeFries
(1997) found that 43% of students who had mathematics disability also have reading
difficulties whereas 56% of the students who were reading disabled had low
mathematics achievement. Adding to that, it was suggested that mathematics and
reading disability may have common cognitive deficits. A core deficit in both
disabilities is processing speed (Ackerman & Dykman, 1995) because the children
who have reading or mathematics disability or both show slow retrieval of familiar
words or arithmetic facts (Geary et al., 1999).

Many studies found that arithmetic and reading may have similar cognitive
predictors (Geary, 1993; Hecht et al., 2001). Moreover, deficits in processing words

and recalling arithmetic facts are found to be related (Geary, 1993). This is because
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retrieving arithmetic facts requires retrieval of counting words and the use of
phonological skills. In a previously conducted study, preschoolers who had linguistic
impairments showed a lower performance than their counterparts on a seriation task
which is one of the four abilities needed for the development of arithmetic (Siegel,
Lees, Allan, & Bolton, 1981). In accordance with this result, weak mental arithmetic
is known to be correlated with weak language acquisition skills. This is because
many mathematics processing skills are similar to the language acquisition and
reading skills (Sutton & Krueger, 2002).

Furthermore, it is stated that the phonological processing abilities which
influence growth in reading and general mathematical computation skills are the
same (Hecht et al., 2001). In addition, a crucial link was discovered between
phonological awareness abilities of children of 8 years age and the mathematics and
literacy scores of the same children when they were at the age of 5. This result
showed that poor phonological awareness is linked to weakness in mathematics and
literacy (Gathercole et al., 2005). In a study of screening kindergartners and first
grades in terms of number sense and mathematics achievement (Jordan et al., 2007),
it was found that the older and better reader children were also observed to have
strong number sense. This may also confirm the possibility that early literacy and
number sense may be both correlated to each other and these two important concepts
may have common origins (Aunola et al., 2004).

When reading ability is measured, two reading processes should be taken into
account. One is word recognition and the other is reading comprehension. They
require different cognitive skills. Word reading is the basic process in reading and
mainly needs phonological processing skills. On the other hand, reading

comprehension is a more complex process. Besides word reading, memory, attention,
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vocabulary and previous knowledge is also necessary for reading comprehension
(Siegler & Ryan, 1989). Considering mathematics difficulties studies, especially
word reading is claimed to have high importance for retrieval of arithmetical facts
(Geary, 1993). On the other hand, use of reading comprehension is also crucial for
the development of problem solving skills. Previous research suggests that there is
interplay between especially mathematics word problem solving performance and
reading comprehension skills. This is because both of these are related to reasoning

skills, as overviewed in other studies (Fuchs & Fuchs, 2002).

The Studies of Mathematics Difficulties and Number Sense in Turkey

The first study on learning difficulties which also mentioned mathematics difficulty
talked about the general characteristics of learning disabilities and the required
instruction for these problems (Kavsaoglu, 1993). Another study on the issue of
difficulties students experience in mathematics investigated the difficulties students
face while learning algebra (Ersoy & Erbag, 1998). Algebra tests which were
developed by the researchers, considering the 7" and 8" grade mathematics
curriculum were conducted. Through students’ solutions and explanations on the
tests, it was observed clearly that they had many difficulties with algebra. One study
focuses on teacher responsibility to develop activities for learning disabled students,
specifically teaching fractions in mathematics (Ersoy & Ardahan, 2003). This study
emphasizes the importance of teacher guidance and help for these students. Another
study examined the relation between students’ difficulties in the topic, relations and
functions and, their attitude and self-confidence (Dikici & Isleyen, 2004). The study
showed that there was a significant correlation between these variables. A more

general study was the descriptive study of the topics in mathematics which students
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perceive as difficult and the reasons behind this (Durmus, 2004a). A Likert-type
questionnaire was developed by the researcher to determine the difficulty index of all
the topics in high school mathematics curriculum. The lack of motivation and the
abstract nature of mathematical concepts were identified as the reasons for these
topics’ seeming difficult for students. The study was replicated for middle school
curriculum, as well (Durmus, 2004b). Lastly, a pilot study of the project “Kassel”
which was conducted in nearly 15 countries up to the year 2000 was realized (Ersoy
& Erbas, 2005). The aim of the project was to follow student achievement at middle
grades and determine the factors that affect success at school like learning difficulties
and misconceptions. As a result, it was found that students had difficulties in writing
and solving equations and problems. Also, it was stated that students might have
some misconceptions about these concepts and thus, a detailed research should be
designed by using or developing appropriate instruments which aim identification.
The studies of number sense started in 2003 with the presentation of the paper
“Evaluation of Students’ Number Sense” at the conference SEMPT 03, Czech
(Sengiil & Giirel, 2003). But today, the number of number sense studies in Turkey is
limited with three thesis studies and a few articles. In the first thesis, 6" grade
students were tested for their use of number sense in a descriptive study. As a result,
only 9% of 95 students were determined to use number sense (Harg, 2010). In the
second one, secondary school students’ number sense was examined, considering
grade, gender and mathematics performance. Their number sense was seen to be very
low and students often used rule-based methods for number sense questions.
(Kayhan Altay, 2010). In the last thesis study, 8" graders were analyzed in terms of
the components of their number sense about exponents; but no more data about this

study is available (Iymen, 2012).

43



A few articles about this topic have been published especially since 2012. In
one of these studies, a number sense test about decimal numbers was developed by
the researchers and the number sense of 573 students among 6, 7" and 8" graders
was measured. Students’ number sense on decimal numbers was found to be very
low. In addition to that, a moderate level of correlation was found between
mathematical achievement and number sense on decimal numbers topic (Sengiil &
Giilbagci, 2012). The same study was repeated with the same instrument with 121
students at 5™ grade and the number sense level of students were again low (Sengiil
& Giilbagci, 2012). In another study investigating number sense, the strategies which
30 students among 6™ graders use while solving percent problems were examined. A
test of eight open ended questions which were developed by the researchers was used
to collect the data. As a result, it was found that more than half of the students used
rule based strategies rather than number sense strategies (Sengiil, Giilbagcl, &
Cantimer, 2012). Another study on number sense investigated the relationship
between number sense and self-efficacy. 119 participants from 7 and 8" graders
were given a number sense test taken from the literature. In order to measure self
efficacy of students, “A Self-efficacy Scale for Mathematics” (Umay, 2001) was
used. The results of the study showed that there was a moderate correlation between
number sense performance and mathematical self-efficacy; but the number sense of
the participants were not well enough. Moreover, number sense performances
increased in proportion to the grade level; but it was not a significant increase
(Sengiil & Giilbagci, 2013). In the last study, a number sense scale for middle grade
students was developed. By developing such a scale, this study aimed to describe the
structural properties of number sense. 584 students from four different schools took

the scale. Through a factor analysis, the dimensions of the scale were determined as
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(@) flexibility in calculation, (b) conceptual thinking in fraction and (c) the use of

reference points (Kayhan Altay & Umay, 2013).

Research Questions

Based on the literature review and the relevant research findings, the following
research questions were developed to examine the relationships between number
sense and its correlates (working memory, processing speed, RAN) with reading
(word reading, reading comprehension).

1. To what extent do arithmetic performance, working memory, RAN,
processing speed and reading explain the variance in number sense at 1
grade level?

2. In terms of the variables stated, what are the distinguishing features of 1%

graders who have good, average and poor number sense scores?
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CHAPTER IlI

METHODOLOGY

This chapter discusses the current study’s methodology that is used to examine the
effect of arithmetic performance, reading and some cognitive correlates on number
sense at first grade level. In this section, a description of the participants and a review
of instruments used for assessment are also included. A description of the data

collection procedure and a summary of data analysis are also presented.

Participants

The study targeted a cross-section of first grade students in various types of primary
schools. Convenience sampling was used to select a sample from the population.
Especially schools around the city, Besiktas were selected since the schools there
were observed to be more willing to participate to this kind of studies before. A total
of 142 first grade students (70 males and 72 females) were chosen among 17
elementary schools in Istanbul (one private and 16 public schools) participated to the
study. These schools represented different demographic characteristics and
populations of varying socio-economic status (SES). Only first graders were chosen
for the study because recent longitudinal research indicates that kindergarten or first
grades are the predictor levels for future mathematics problems (Duncan et al., 2007,
Jordan et al., 2009). Kindergarten level could not be considered because this level

could not meet the required standard for reading measures.
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The age range of the participants was between 6 years 4 months and 8 years 4
months. The mean of the ages was 7 years 1 month and the standard deviation was
.38. Most of the participants were recruited from public schools. 131 students from
public schools and 11 students from private schools took place in the study.
Participants generally had preschool education. One hundred and six students were
stated to have attended to a preschool whereas 20 students were stated not to have.
On the other hand, no information was recorded about 16 students’ early childhood
education. Moreover, the majority of students (120 students) were not stated to have
a determined learning disability, attention deficit or hyperactivity disorder. Only
three students were represented as having one of those problems. However, no
information was recorded about 19 students’ learning disability status.

Data about parents’ educational level were also obtained. Table 2 depicts the

percentage of fathers and mothers in different educational attainment levels.

Table 2. Educational Attainment of Parents (N = 142)

MOTHERS FATHERS

n % n %
Iliterate 1 T 0 0
Literate 1 T 1 T
Elementary Education 41 28.9 28 19.7
Junior High School 13 9.2 15 10.6
Secondary School 41 28.9 44 31.0
Undergraduate Degree 33 23.2 37 26.1
Graduate Degree 3 2.1 7 4.9
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Instruments

In this study, nine instruments were used: Demographic Information Form, Number
Sense Brief Screener (T-NSB), Arithmetic Performance Test (AR-PE), Turkish
Rapid Automatized Naming Test (T-RAN), Number Memory Test (T-MFN), Word
Memory Test (T-MFW), Processing Speed Test (PS), Turkish Test of Word Reading
Efficiency (T-WR) and Reading Comprehension Measures (R-COMPH) consisting

of two different reading passages.

Demographic Information Form

This form was completed by the classroom teachers of the students who participated
in the study. This form consisted of questions about the participants such as
birthdays, gender, type of the school, education before formal school (e.g. preschool
education), having any disability (e.g. learning disability or language or hearing
problems), when the student learned to read and Turkish and Mathematics
achievement scores at the end of the first semester of 2011-2012. The study was
conducted in the second semester; but during the data collection procedure the grades
for the second semester were not determined yet. Therefore, first semester’s
achievement scores were obtained. On the demographic information form, there was
also a part on parents’ educational levels and occupations. At the end of the form,
class teachers were asked to write their additional opinions about the student (for a

copy of the demographic information form, see Appendix B).
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Number Sense Brief Screener (NSB)

This test was originally designed by Jordan, Glutting, & Ramineni (2008). It was
developed as a number sense battery to use with children from kindergarten to the
middle of first grade (from approximately age 5 to age 6). This age range does not
match to the age range that was determined in this study because early childhood
education (ECE) is not obligatory for children in Turkey. Therefore, the development
of early numeracy skills and reading skills may be acquired until the age of 7, which
is not the age range specified for NSB. Besides, the ECE curriculum covers
numeracy skills only to a certain extent and teaching reading is not a part of this
curriculum. So, to guarantee that the participants have the early numeracy and
reading skills required for this test, the administration was realized towards to the
end of first grade. It is an untimed measure and it takes nearly 15 minutes to
administer. The battery includes a total of 29 items about counting (three items),
number recognition (four items), number knowledge (seven items) and number
operations (fifteen items). These components are viewed as the elements that
children need to acquire during formal schooling. In the counting part, children are
assessed by counting up to ten and following the counting strategies. In the number
recognition part, they are asked to recognize the numbers shown. In the number
knowledge part, they are expected to answer questions related to sequencing. For
example; “what number comes after what” type of questions are asked. The number
operations part are separated into two; in the first part, children perform non-verbal
addition and subtraction using some materials like chips or bottle cap, as used in this

study whereas in the second part they are asked to solve addition - subtraction story
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problems and addition - subtraction number combinations like “How much is 2 and
1?7,

For this study, NSB was translated into Turkish by the researcher. The
appropriateness of wording in the translation was checked by a language specialist.
Five middle school mathematics teachers and one classroom teacher were assigned to
investigate the test items. Based on their feedback, test items were overviewed again.
Then, the appropriateness and translation of the NSB items were tested by
conducting the test on six first grade students. Subsequently, the problematic
wording and instruction parts were edited and modified based on the Turkish
Mathematics Educational Curriculum for primary years.

During the implementation of the test, the students only heard the questions or
instructions. They were given related materials, when needed. However, they were
not given paper and pencil to use when answering the mathematics problems in the
test. The test materials included the examiner record form, handouts and bottle caps.

The original NSB was found to be internally consistent with a reliability
value, ranged from .82 to .89 at each of six times it was measured at kindergarten or
first grade (Jordan et al., 2008). Each item was scored O if it is incorrect and 1 if it is
correct. Therefore, there is no inter-rater reliability for the test. As the literature
suggests, NSB is found to be highly predictive of mathematics achievement both at

first and third grade (Jordan et al., 2010).

The Development of Turkish NSB

The researcher who is also a mathematics teacher observed students very carefully
and noted the parts to be edited as each child took the test. Besides, middle school

mathematics teachers’ qualitative ratings were added to the evaluation, as well.
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These notes and the students’ data forms were discussed on. The final decision about
the wording and the instruction were made and the test was re-written. In other
words, the linguist’s comments, the examiner’s observations, teacher ratings and the
record forms were used to test the appropriateness of the Turkish version of NSB.
Not only wording or instruction, but also some of the items were changed in the test.
Students had problems in understanding the instruction in counting strategies part
which included strategies like one-to-one correspondence, cardinality and stable
order. It was observed that students knew which counting is right, however; they
could not answer correctly because they did not understand what they are supposed
to do. Therefore, these items were omitted with the approval of the researcher who
designed the battery (Jordan et al., 2008). Then, the number of the test items,
therefore, fell down from 33 to 29. Editing was also done on the wording of the non-
verbal addition and subtraction, and story problems part. In the original NSB, chips
were used as test materials when evaluating non-verbal calculations. In the T-NSB,
instead of chips, bottle caps were decided to be used because they were more
relevant to Turkish students. In the story problems part, the wording in subtraction
operation was problematic. In the subtraction operation of the original test, the verb
“take away” was not meaningful for Turkish children. Therefore, this lexical problem
was discussed with mathematics teachers and instead of using “take away”, it was

decided to use the word “to give” while asking this part of the test.

The Arithmetic Performance Test (AR-PE)

It is the arithmetic subtest of Wechsler Intelligence Scale for Children-Revised
(WISC-R). It is appropriate for the ages between 6 and 16. It is an individually

administered test with 18 items. To implement the test, the examiner first reads aloud
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the problem and the child is expected to pay attention and give the correct answer
without the use of paper and pencil. Therefore, this subtest requires memory activity,
concentration and attention to understand orally presented verbal information.
Problems in the test are given in story form. Each item has a time limit to be
answered and items are written in ascending order in terms of difficulty level. The

test is discontinued after four consecutive errors.

Turkish Rapid Automatized Naming Test (T-RAN)

This test measures a person’s ability to perceive a visual representation and to
remember its name accurately and rapidly. This is also called naming speed. This test
can be administered to children between the ages 5 years to 10 years 11 months.
RAN test has four subtests: Pictures, colors, numbers and letters. In each subtest,
there are five elements and they are repeated randomly ten times in each row of the
test where there are five rows. RAN is an individually administered test. The child is
given the instructions and is asked to name each element as quickly and as correct as
possible. Scoring is based on the time the child uses to name all the items in the test.
During the administration of the test, the examiner needs the cards on which test
items are presented, a stopwatch and a record form for each student.

The validity and reliability of the Turkish RAN was assessed via a pilot study
(Bakir & Babiir, 2009). In this study, RAN number subtest of Turkish RAN was
used. This subtest consisted of randomly sequenced five numbers (2, 4, 6, 7, and 9).

Test — retest reliability coefficients of the original RAN ranges between .81
and .98. The same value for the T-RAN ranges between .85 and .95. The inter-rater

reliabilities of the original RAN indicated coefficients between .98 and .99 (Wolf &
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Denckla, 2005). For the T-RAN, this value was between .99 and 1.00 (Bakir &

Babiir, 2009).

Memory for Digits Test (T-MFEN)

It is also a subtest of WISC-R. This test measures the ability of recalling and
repeating a series of numbers ranging from two to nine digits in the correct sequence.
The test is conducted in two parts; forward and backward digit span. The items are
arranged in order of difficulty. The test is discontinued after three consecutive errors.
For this study, the sequences of numbers were recorded by the researcher because
there were examiners except the researcher. To satisfy uniformity within the
examiners, the test items were recorded. After hearing the record, the student repeats
the numbers in the same order or in reverse. If the student is not able to repeat all two

of the items in the same row, then the test is discontinued.

Memory for Words Test (T-MFW)

It is one of the subtests of Woodcock Johnson 111 (WJ-I11). It measures the ability of
recalling and repeating a list of words ranging from one to eight unrelated words in
the correct sequence. Like in the digit span test, the words are recorded by the
researcher. This time, the student is asked to repeat the words only forward and in the
correct order. The test is discontinued after three failures. In this study, considering
WJ-111, an alternative of this test was developed by the researcher. The
appropriateness of the wording was tested by conducting the test on six first grade
children for the first time and four children for the second time. In the first study with

six children, the words that children could not understand while the examiner was
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saying were determined. The items children had difficulty with while recalling and
the items which were too easy for them were also observed. The second study with
four children was designed to see if the editing on the words was enough. After this
study, a few more changes were done on the test and the final version was formed.
Unlike the original test with 27 items, the Turkish version consisted of 24 items (for

a copy of Turkish Memory for Words, see Appendix C).

Processing Speed Test (PS)

It is one of the subtests, as visual matching of Woodcock Johnson I11 (WJ-111). Since
the test was non-verbal and culture free, its original form was used in the current
study. It measures the ability to quickly scan and identify the same two numbers in a
given row. Each row includes six numbers. On the task sheet, the number of rows is
arranged one under the other and the difficulty level increases as the student goes
down. The time limit is 3 minutes. The appropriateness of the test for the students
was tested by conducting the test on six first grade students. No problem with

identifying the numbers occured.

Turkish Test of Word Reading Efficiency (T-WR)

The original test was developed by Torgesen et al. (1999). This test measures the
accuracy and fluency of word reading within a time limit. It has two subtests. The
Sight Word Efficiency (SWE) subtest measures the number of real words that can be
accurately read whereas the Phonemic Decoding Efficiency (PDE) subtest measures

the number of non-words.
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This test was adapted to Turkish by Babiir, Haznedar, Ergetin, Ozerman, &
Erdat-Cekerek (2013). At the beginning of the adaptation process, a frequent words
list for Turkish was prepared. Then, two forms of each subtest were formed and the
pilot study was conducted from first to fifth grade in three different primary schools.
The forms were edited according to the pilot study results.

The test-retest reliability coefficients of the original test were found to range between
.82 and .97 for all age groups. The inter-scorer reliability is .99 (Torgesen, Wagner,
& Rashotte, 1999). Likewise, the alternate form of reliability of the T-WR is .96 and
the concurrent validity is .92 (for sample items of word reading test, see Appendix

D).

Reading Comprehension Measures

Four reading passages were prepared for first graders to assess reading
comprehension skills. Since first graders learn reading and writing in cursive, the
passages were written in cursive. The font size in the Turkish Course Books for first
graders was used. Fictional and non-fictional stories were used. All of the passages
included both knowledge and inferential questions.

At the beginning, three of the passages were taken from Turkish Course
Books. The other passage was written by the volunteer students who worked in the
project BAP05D101, conducted by Babur (2005-2009). To test the appropriateness
of the passages, they were conducted on six children. The results showed that the
fictional passages had no problem. But the non-fictional ones were problematic.
Some of the questions in these non-fictional passages were difficult for students to

understand. Therefore, the non-fictional passages were formed again. The new non-
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fictional passages were taken from Turkish Course Book for second graders and
were tested on first graders again. This time no editing was needed.

However, during the testing process at schools, it was observed that children
could hardly finish reading the passages because they were too long. Thus, one of the
fictional and one of the non-fictional passages were completely removed from the
test. Two passages were left. They were the ones taken from Turkish Course Book

for second graders (Table 3).

Table 3. Characteristics of the Reading Comprehension Passages

Reading Passage Font Font Tvpe Total Number Number of
g g Size yp of Words Questions

Kedi (Cat) 16 Hand writing 133 5

(Non-Fictional Passage)

Kumbara (Moneybox) 16 Hand writing 137 7

(Fictional Passage)

A second grade book was used as a source because the test was conducted in May.
This is the time a big majority of first graders learn to fluently read and write in
Turkish primary schools. Moreover, students did not have the probability to have
seen the passages before since they were in second grade book.

While the editing processes were going on, three classroom teachers and a
professor on children literature at Bogazig¢i University gave feedback for the
appropriateness of the passages.

While being tested, students were asked to read the passages and answer the
questions given. Although students saw the questions, the examiners also asked them

orally. The entire scoring process was realized by the researcher. Each correct
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answer got one point. So, the maximum score of this part was 12 (for a copy of the

reading comprehension measures, see Appendix E).

Procedure

The test administration took place in May and June, 2012. Conducting all the tests
for one individual was nearly one hour. Therefore, it was enough to take each
participant once for test administration. However, it was needed to give a break for
some students according to their level of attention and interest.

For the administration of the tests, a group of volunteer undergraduate
students at Bogazigi University Mathematics and Science Education were chosen.
These volunteers were trained and provided with detailed information and
consultation before the administration process. Seven meetings, each of which lasted
approximately three hours, were arranged and the volunteer examiners were given
training on the administration of the test battery. Each volunteer was given a kit
which included all the tests. At the end of all the training sessions, the researcher
made a sample video record with a third grade student and the group of volunteers
watched this video. In this video, the researcher conducted all the test battery on that
student. By this way, the volunteer examiners saw what the administration process
would be like. They also asked their questions about the parts which they were not
still feeling comfortable.

Before the administration process started, the necessary research permission
was granted from the Ministry of Education. Besides, one more research permission
was taken from Bogazigi University Committee on Ethical Conduct in Research with
Human Participants. After these requirements were completed, the volunteers were

assigned their schools in which they would conduct the battery. Moreover, the
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schools in which the researcher would conduct the battery were determined. During
the implementation, the researcher and the volunteers were continuously in contact
about the process and the possible troubles at schools. VVolunteers and the researcher

herself conducted the battery in quiet, separate rooms at schools.

Data Analysis

The results were computed using The Statistical Package for Social Studies (SPSS-
20). For all analyses, the statistical significance level was determined as the alpha
level of .05. With the purpose of examining the relationships among number sense,
arithmetic performance, reading and some cognitive correlates, correlational analyses
were conducted. Then, regression analyses were realized to investigate how much the
variables in this study explain the variance in the dependent variable, number sense.
For the second question, ANOVA (analysis of variance) was run to compare the
mean differences between groups as good, average, poor in terms number sense

scores. To support ANOVA results, required post-hoc analyses were also conducted.
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CHAPTER IV

RESULTS

In this chapter, the results of the study are presented as answers to the research
questions. Firstly, the necessary descriptive statistics was given about each variable
in the study. After that, correlations between all the variables and regression
analyses, taking number sense as the criterion variable, were conducted. Then, on the
basis of the second research question, participants were separated into groups in
terms of number sense performance. Finally, the characteristics of these groups in

terms of the other variables of the study were explained in detail.

The Preliminary Analysis

At the beginning, group differences in terms of parental educational level for number
sense scores of the students were investigated because there is a considerable
evidence for the level of parental education as a strong predictor of children’s
success at schools (Englund, Uckner, Whaley, & Egeland, 2004). Students were
classified into two groups in terms of the education levels of parents.

High school education can be regarded as a step to choose an occupation in
life. People attend to high schools where they gain an occupation or they attend to a
university, after high school education. Thus, high school education is important for
one’s life and so, was accepted as the cut off point for parental educational levels.
High parental educational level and low parental educational level were investigated

in two parts; mothers’ and fathers’ level. The frequencies for education levels of
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parents are represented in Table 4. In addition, the descriptive statistics of both
mothers and fathers’ educational levels for number sense performance are

demonstrated in Table 5.

Table 4. The Educational Levels of Mothers and Fathers (N = 142)

Educational

Lovel N (Mothers) % (Mothers) N (Fathers) % (Fathers)
Low level 97 68.3 88 62
High level 36 25.3 44 31

Missing data 9 6.3 10 7.04

Table 5. The Descriptive Statistics for Number Sense Scores Based on the
Educational Levels of Mothers and Fathers (N = 142)

Educational Low level High level Low level High level
Level (Mothers) (Mothers) (Fathers) (Fathers)
Mean 25.82 27.33 25.84 27.05

SD 2.483 2.390 2.518 2.459

In Table 4, it is observed that the percentage of mothers in low educational level is
higher than the one of fathers in the same level. As represented in Table 5, number
sense performance scores of the students whose both parents are at low educational
level are lower than the ones whose both parents are at high educational level. To test
the significance of this difference, independent samples t-test was conducted on
mothers’ and fathers’ educational levels for number sense scores. The results showed

that there was a significant difference between the number sense performance scores
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of the students with mothers who have low and high educational level (.002, p <.05).
However, the same value for fathers was not significant (.10, p >.05). Thus, only the
effect of mothers’ educational level on students’ number sense performance was
considered during the analyses and discussion.

Before answering the research questions of this study, the features of the
instruments for each variable in the study will be reviewed. In the literature, RAN
letters are assumed to be effective screening measures for beginning readers.
Likewise, RAN numbers are sometimes included as predictors of number sense
(Baker et al., 2000). Therefore, RAN numbers subtest was used in the current study.
While conducting the test, the time each student used to complete the task were
recorded in seconds. Lower scores in second indicated faster naming speeds. In word
reading part, the time was 60 seconds and the number of words that can be accurately
read in this time period pointed out the test score. In the reading comprehension,
number sense, number memory and arithmetic performance parts, total score was
obtained by the number of the correct answers. In memory for words and processing
speed, the total score was equal to the number of correctly answered rows.

Means and standard deviations for the measures; RAN numbers (T-RAN),
Word reading (T-WR), Reading comprehension (R-COMPH), Number sense (T-
NSB), Arithmetic performance (AR-PE), Number memory (T-MFN), Word memory

(T-MFW) and Processing speed (PS) are displayed in Table 6.
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Table 6. Means, Standard Deviations, and Minimum / Maximum Scores for the
Variables in the Study (N = 142)

Measure Mean SD Min Max
T-RAN 40.11 10.38 24 77
T-WR 47.34 16.16 2 104
R-COMPH 8.24 2.34 0 12
T-NSB 26.10 2.70 16 29
M-ACH 8.74 1.97 3 14
T-MFN 8.67 2.50 1 14
T-MFW 12.22 2.98 3 18
PS 23.28 5.60 2 36

Note: RAN numbers (T-RAN), Word reading (T-WR), Reading comprehension (R-COMPH),
Number sense (T-NSB), Arithmetic performance (AR-PE), Number memory (T-MFN), Word
memory (T-MFW), Processing speed (PS)

As presented in Table 6, the mean of the T-NSB, which has 29 items, has a higher
mean compared to the other measures. On the other hand, AR-PE has a mean that is
nearly half of the top score that could be gained in the test.

Since the evaluation of each measure was different from each other, all the
scores were converted into standard scores. Then, the relationships among the
variables of the study were examined using Pearson-moment correlation analyses.

Correlations are presented in Table 7.
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Table 7. Correlations among Variables

Measure 1. 2. 3. 4. 5. 6. 7. 8.
1. T-RAN -A41** - 26%*% L 27F* W 21% 14 -.16 -.35**
2. T-WR - A0**  37F* 31%* 40*F* 32%*F 43F*
3. R-COMPH - AB** 34**  41F* 20%*  33**
4. T-NSB S59**  B5o*F*  40**  35**
5. M-ACH --- 53*F*  33F*  46**
6. T-MFN S4x AgH*
7. T-MFW 30%*
8. PS —

**p<.01 and *p<.05

Note: RAN numbers (T-RAN), Word reading (T-WR), Reading comprehension (R-COMPH),
Number sense (T-NSB), Arithmetic performance (AR-PE), Number memory (T-MFN), Word
memory (T-MFW), Processing speed (PS)

This table reveals that there are significant negative correlations between RAN
numbers, word reading (r = -.41, p<.01) and processing speed (r = -.35, p<.01). The
results also indicated a significant positive correlation between number sense,
mathematics achievement (r = .59, p<.01), number memory (r = .59, p<.01) and
reading comprehension (r =.46, p<.01). Moreover, significant positive correlations
were found between number memory, arithmetic performance (r = .53, p<.01), word
memory (r = .54, p<.01) and processing speed (r = .48, p<.01). Processing speed
demonstrate significant positive correlation with arithmetic performance, as well

(r = .46, p<.01). However, the correlations between RAN numbers, number
memory (r = .-14, p<.01) and word memory (r = -.16, p<.01) were found to be too

low.
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Presentation of Research Findings

Research Question 1: To what extent do arithmetic performance, working memory,
RAN, processing speed and reading explain the variance in number sense at 1%

grade level?

The first research question examined the predictability of number sense performance
with the use of other variables in this study. Multiple regression analysis was used to
determine (a) how much variance the independent variables of the study account for
the variance in the dependent variable, number sense; (b) which independent
variables are the more important predictors of number sense (Hatcher, 1994b). In
other words, to determine the relative predictive importance of the variables in the
model for number sense (reading comprehension, word reading, RAN, number
memory, word memory, processing speed and arithmetic performance), a regression
analysis was run. The initial and final regression model variables and their summary

of analysis were given in Table 8.
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Table 8. Summary of Regression Analyses for the Variables Explaining the Variance
of Number Sense

Dependent  Independent SE B t-value p-value
Variable Variable

Initial Step Seven Variables Together (Initial Model)

T-NSB AR-PE A1 35 4.65 .00
T-MFN A0 32 3.63 .00
R-COMPH .08 18 2.56 .01
T-WR .01 .04 .56 .58
T-RAN .02 -11 -1.51 14
PS .04 -.10 -1.28 20

R =.72,R*= 51, (p =.00), F(7, 138) = 19.56, p < .05

Final Step Achievement, Number Memory and Reading Comprehension
(Final Model)
T-NSB M-ACH .10 .35 4.88 .00
T-MFN .08 .32 4.27 .00
R-COMPH .08 .20 3.03 .003

R =.70, R*= 49, (p =.00), F(3,141) =44.45,p < .05

Note: RAN numbers (T-RAN), Word reading (T-WR), Reading comprehension (R-COMPH),
Number sense (T-NSB), Arithmetic performance (AR-PE), Number memory (T-MFN), Word
memory (T-MFW), Processing speed (PS)

In the regression analyses, raw scores were used since standard scores did not give
meaningful results. All the variables were included in the regression analyses at the
initial step. The initial model accounted for 51% of the variance in number sense at
first grade, with arithmetic performance, number memory and reading
comprehension reaching significance. The final model which included these
variables that show significance in the initial model accounted for 49% of the

variance in predicting performance on number sense. The beta weights presented in
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the initial model suggest that arithmetic performance ( = .35, p<.05) and number
memory (B = .32, p<.05) mean scores contributed the most to variance of number
sense scores. Reading comprehension represented the third variable, effecting
number sense performance (B = .18, p<.05). Thus, the best model predicting and
explaining the variance in number sense performance was found to include
arithmetic performance, number memory and reading comprehension.

In related literature, it was stated that effect sizes should also be reported for
quantitative study findings (APA, 2001; AERA, 2006). This is because being
statistically significant has some limitations. Statistical significance does not lead to
practical significance, meaning a study can be statistically significant; but may not be
important in a practical manner (Huck, 2012). Effect sizes enable researchers to
explain the importance of effects and make meaningful interpretations on the data
(Zientek, Ozel, Ozel, & Allen, 2012). Effect sizes in this study were calculated for
both the initial and final model. Cohen’s (1988) f*, where values of .02 represent
small effect, values of .15 shows a medium effect and values of .35 denote a large
effect, was used. Results showed that both of the models had large effect sizes (f* =
1.04, .96 respectively). Furthermore, large effect size means that it is enough to be

visible even to the naked eye.

Research Question 2: In terms of the variables stated, what are the distinguishing

features of 1* graders who have good, average and poor number sense scores?

This second question aims to examine the characteristics of first graders as groups in

terms of number sense performance. The descriptive statistics for number sense

scores were presented in Table 9. In order to compare the means of the groups
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formed for the variables of the study and seek if there are significant differences
between these means, one-way ANOVA (analysis of variance) was conducted. Since
one of the assumptions of ANOVA is the normal distribution of data, normality of
the scores gained through each measure was tested before conducting ANOVA.
Skewness and Kurtosis values show evidence of normality. Hence, the numerical
indices that assess the skewness and the kurtosis of all the measures used in this

study are presented in Table 10.

Table 9. The Descriptive Statistics for Number Sense Test Scores

The measure of statistics The value
Mean 26.10
Median 27
Mode 28
Standard Deviation 2.70
Variance 7.27
Range 13
Minimum 16
Maximum 29

Skewness is a measure of the data graph’s symmetry. If there is a lack of symmetry,
meaning the distribution of the data is not a normal distribution, skewness leans to
the left or the right of the graph. The skewness of the normal distribution is zero. If
the skewness value is negative, then data are skewed left and if the value is positive,
data are skewed right (Gravetter & Wallnau, 2007).

As seen in Table 9 above, most of the scores on number sense end up being
high and they pile up on the right side of the graph. This condition shows a skewed

distribution. Since the tail of data points to the lower end, the distribution is a left-
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skewed or negatively skewed distribution and it has a negative value. In this
distribution, the mean is pulled toward to the scores on the right of the curve. Thus,
the mean of the test is relatively high. Then, the mode is on the right-hand peak of
the tail and it is greater than both the median (28 > 27) and the mean (28 > 26.10). In
addition, the median is also greater than the mean (27 > 26.10).

On the other hand, kurtosis determines the peakness of the data. High and
positive kurtosis means the peak is distinct near the mean. Low and negative kurtosis
means there is flat top in the graph. Standard distribution is also arranged to have a
kurtosis of zero. Some researchers accept the idea that the skewness and kurtosis of a
distribution which is approximately normal should be between -1.0 and +1.0 and

some others kurtosis should be between -3.0 and +3.0 (Huck, 2012).

Table 10. The Skewness and Kurtosis Values of the Variables in the Study

Measure Skewness Kurtosis
T-RAN 1.02 1.03
T-WR 41 1.44
R-COMPH -1.17 1.92
T-NSB -1.50 2.63
AR-PE -.13 25
T-MFN -29 .20
T-MFW -.55 18
PS -.59 2.20

Note: RAN numbers (T-RAN), Word reading (T-WR), Reading comprehension (R-COMPH),
Number sense (T-NSB), Arithmetic performance (AR-PE), Number memory (T-MFN), Word
memory (T-MFW), Processing speed (PS)
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When the skewness and kurtosis values in Table 10 are evaluated, considering the
normality ranges above, the only variables whose data distribution is not normal are
RAN, reading comprehension and number sense. Since the groups to be compared in
the second research question had already been formed according to number sense
scores, number sense scores were not included in ANOVA analysis. However, the
non-normality case of RAN and reading comprehension were considered separately
during the analysis.

After the descriptive statistics of the dependent variable, number sense and
the normality check of the other variables in the study were computed, it was decided
to separate the sample into three groups; students having poor number sense (PNS),
average number sense (ANS) and good number sense (GNS). Separation into three
groups was favored because the significance of the mean differences between the
ANS and GNS group were aimed to examine over and above the mean differences
with the PNS group. For this purpose, a cut-off point score was needed. As stated in
the literature review part, the old-fashion to identify disabilities was to use 1Q-
achievement discrepancy method. In this method, a specific score was determined as
the borderline and the scores below that borderline were accepted as the evidence of
disabilities. However, the literature often presents such borderlines for achievement
tests, not number sense tests. In other words, there was not a determined cut-off point
score for the number sense battery used in this study. This conclusion was also
supported by the developer of the original NSB, Jordan. Therefore, the mean and the
standard deviation of the study were the elements mainly considered to determine
such a cut-off point score. The average was selected as the main reference point. The
scores one standard deviation above and below the mean were considered as the

average group because going one standard deviation further than the mean was
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accepted to reveal similar scores to the mean. Thus, the distance, one standard
deviation was found to be appropriate for this study. However, one standard
deviation distance above the mean caused only full scores of the number sense test to
be classified as the GNS group; but this time, students who made only one mistake
out of all test had to be included in ANS group. Nonetheless, it does not seem to be
appropriate to classify students with only one wrong answer as having average
number sense. This is because that mistake may be due to many different reasons like
not understanding the question or losing attention because of the long test conduction
time; but not because due to lack of knowledge. Therefore, the ANS group was
decided to include the scores .5 standard deviation above and one standard deviation
below the mean. The rest above the mean formed the GNS and the left below the
mean formed the PNS groups. The descriptive statistics for each of these groups was

presented in Table 11.

Table 11. The Descriptive Statistics for the T-NSB Score Intervals

Score Intervals Frequency Percent Mean Stan_da}rd
Deviation
16-23 (PNS Group) 19 13.3 20.63 2.22
24-27 (ANS Group) 70 49.3 25.83 .98
28-29 (GNS Group) 53 37.3 28.42 .50

Note: the Poor Number Sense Group (PNS), the Average Number Sense Group (ANS), the Good
Number Sense Group (GNS)

As seen in the table, the majority of the participants stayed in the ANS group (n =
70) and then, in the GNS group (n = 53). There is a third group PNS (n = 19), which
includes the participants who have much more difficulties in answering the questions

in T-NSB. This means that ANS group constitutes approximately 50% of the sample
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while GNS group represents nearly 40% and the PNS group is nearly 15% of the
total sample. Also, the high value of the variance of the PNS group when compared
to the other two groups reveals that the performances of the students in this group
demonstrated more variability than the ones in the other two groups.

After separating the sample into groups based on number sense scores, the
mean differences for all the measures were examined to be able to mention about the
characteristics of the groups. Table 12 shows the means and standard deviations of
each group in terms of memory, RAN, reading, processing speed and arithmetic

performance.

Table 12. The Means and Standard Deviations of the Variables Stated for Each
Group Based on Number Sense

Groups AR-PE T-MFN T-MFW  R-COMPH T-WR T-RAN PS

Mean (sd) Mean (sd) Mean(sd) Mean(sd) Mean(sd) Mean (sd) Mean (sd)
PNS 6.42(15) 6.05(2.2) 10.11(3.2) 6.05(3.6) 36.89(20) 46.53(13.1) 20(5.1)
ANS 859(1,7) 8.11(22) 11.80(2.8) 8.41(1.8) 455 (13) 39.80(8) 22.7(5.4)

GNS 9.77(17) 10.34(1.8) 1353(25) 8.8(2)  53.45(16.1) 38.23(11.4) 25.23 (5.4)

Total

sample 874(2)  867(25) 1222(3) 824(23) 47.34(162) 40.11(10.4) 23.28(56)

Note: the Poor Number Sense Group (PNS), the Average Number Sense Group (ANS), the Good
Number Sense Group (GNS)

RAN numbers (T-RAN), Word reading (T-WR), Reading comprehension (R-COMPH), Number

sense (T-NSB), Arithmetic performance (AR-PE), Number memory (T-MFN), Word memory (T-
MFW), Processing speed (PS)

It is seen in the table that the groups which are formed according to the number sense
scores show the same behavior in terms of their performance in all other measures.
As can be predicted, the PNS has the lowest means in all other measures and has the

highest mean in seconds in RAN numbers because longer time in seconds indicate
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low performance on RAN test. On the other hand, the GNS group has the highest
means in all measures. And, the ANS group is the one between the other two.

To be able to test the significance of the mean differences across number
sense performance groups given above, one-way ANOVA was conducted because
there is one dependent variable and there are sample groups more than two. At this
point, the main assumptions of ANOVA should be discussed. The results of a one-
way ANOVA are reliable if the following assumptions are met: firstly, each group
should be a random subset of the whole sample. This was satisfied because
participants were selected randomly among a large group of first graders. Secondly,
the score of each participant should be independent from what happens to other
participants during the study and this assumption was also satisfied in this study.
Third, the population of each group should be normally distributed on the measures
conducted. As stated above, only the data of RAN numbers and reading
comprehension did not show normality. Thus, other methods that do not require a
condition such as normality were used to compare the mean differences for these
variables. Lastly, each group should have equal variance or homogeneity of variance
(Huck, 2012). The variables RAN numbers and reading comprehension also did not
represent homogeneity, as tested by Levene Statistic with the significance values of
.00 and .14, respectively. Except these two, data of all the other variables satisfied
the assumption of being equally varied, namely homogeneity. Therefore, ANOVA
was conducted on the data of the measures except RAN numbers and reading
comprehension. ANOVA, which was computed to compare the mean scores of the

groups for the variables of the study, yielded the results in Table 14.
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Table 13. ANOVA Summary Table of the Variables of the Study by Number Sense
Performance Levels

Variable Sum of Squares df Mean Square F Sig.
Word reading 4283.621 2 2141.811 9.170 .000
Arithmetic perf. 160.459 2 80.229 28.973 .000
Number memory 299.524 2 149.762 36.020 .000
Word memory 188.028 2 94.014 12.331 .000
Processing speed 428.749 2 214.375 7.472 .001
*p <.05

RAN numbers (T-RAN), Word reading (T-WR), Reading comprehension (R-COMPH), Number
sense (T-NSB), Arithmetic performance (AR-PE), Number memory (T-MFN), Word memory (T-
MFW), Processing speed (PS)

As seen in the table, the means of the groups for all variables of the study are not
equal to each other (Huck, 2012) and there is an overall difference among the means
between the groups. In other words, the equality of the means of the groups were
tested and it was found that there is at least one mean that is different from the
others, significantly at the p < .05 level. However, ANOVA only shows that there is
a significant difference between the group means; but does not tell about where this
significance lies. This situation brings out new questions; that is; why the ANOVA
yielded such a significant F value or, which mean(s) were significantly different from
which other ones. To be able to answer these questions, Post-Hoc Tukey tests were
conducted. In fact, there are many post-hoc tests based on different assumptions. The
use of this post-hoc test was because Tukey HSD had an easily calculated procedure
and it was appropriate for both equal and unequal sample sizes. The results of the

Tukey’s post hoc test are presented below.
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The PNS group had significantly lower AR-PE and T-MFN than both the
ANS and GNS group at the .05 p-level (both at p = .00). Moreover, the PNS group’s
T-MFW, PS and T-WR scores were significantly lower than only the GNS group (all
at p =.00), but not the ANS group for these variables.

The Tukey’s post hoc analyses also confirmed that the ANS group had
significantly lower AR-PE, T-MFN, T-MFW than the GNS group all at p = .00 and
significantly lower PS and T-WR at p = .03; .02 respectively.

On the other hand, to test the significance of the mean differences on reading
comprehension and RAN number subtest, a non-parametric test, Kruskal-Wallis was
conducted. Because these two measures did not show normality and homogeneity
required for ANOVA, Kruskal-Wallis test, which was accepted as the analog of
ANOVA, was used. It is also called the one-way ANOVA of ranks (Huck, 2012).

The comparison of the differences between the groups on reading
comprehension with the Kruskal-Wallis analysis revealed significant differences
with H = 63.55, 2 df, p = .007 < .05. Likewise, the comparison of the mean
differences on RAN numbers presented significance with H = 103.83, 2 df, p = .008
<.05.

Similar to ANOVA, it was needed to perform a post-hoc test after Kruskal-
Wallis. This was because Kruskal-Wallis indicated that there was a significant
between group means on these two measures; but which specific groups were likely
to differ from one another was not still known. Bonferroni test was used for the post-
hoc analyses because it is a flexible test that is easy to compute and that can be used
with any kind of statistical test.

The results for RAN numbers showed that the PNS group had significantly

lower T-RAN than both the ANS (p = .03 <.05) and the GNS group (p =.00 <.05)

74



at the .05 p-level. However, there was no significance between the means of the ANS
and GNS on T-RAN (p = 1.0 >.05).

Also, on reading comprehension, the PNS group were significantly lower
than the ANS (p =.00 <.05) and the GNS group (p = .00 < .05). But the mean
differences between the ANS and the GNS were not significant again with p = .99 >

05).
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CHAPTER V

DISCUSSION

This chapter discusses the results of the study and is organized around the research
questions. It is divided in four sections: a review of findings, educational
implications of the study, limitations of the study and suggestions for further

research.

Review of Findings

The primary goal of the study was to determine the roles of arithmetic performance,
reading and the cognitive correlates of mathematics learning as working memory,
rapid automatized naming (RAN) and processing speed on number sense.
Furthermore, the features of first graders who have good, average and poor number
sense performance were described in terms of arithmetic performance, reading and
cognitive correlates of mathematics learning.

The first research question of the study was formed, considering the primary
goal of the study. It was addressed to examine the extent arithmetic performance,
reading and the cognitive correlates of mathematics learning explain the variance in
number sense at first grade level. A total of 142 students (70 males and 72 females)
were the participants. All the participants were native Turkish speakers. Correlation
and regression analysis were conducted to answer this first research question.

Correlation analyses revealed that arithmetic performance as a component of

mathematics learning was significantly correlated with number sense performance (r
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=.59, p <.01). This was in congruence with previous studies, which stated that
children’s number sense performance between kindergarten and first grade predicted
their performance in general mathematics achievement from first to third grade
(Jordan et al., 2007; Jordan et al., 2009).

Working memory is stated to have an important role in the acquisition and
use of basic skills in education (Hitch & McAuley, 1991). Furthermore, the
researchers demonstrated that it is related to the acquisition of numerical and
arithmetic knowledge at early ages like first and second grade (e.g., Bull & Sherif,
2001; Fuerst & Hitch, 2000; Geary, Hamson, & Hoard, 2000; Hitch, 1978; Dehn,
2008). In line with this finding, the present study indicated a significant correlation
between working memory, especially number memory and the measure of early
numeracy skills as number sense (r = .59, p <.01). Moreover, number memory
showed also a high correlation with arithmetic performance as a mathematics
measure (r = .59, p <.01), which was consistent with Lezak (1995) who noted that a
direct connection exists between working memory and mathematics achievement.
Likewise, results of this study present correlation between both word memory and
arithmetic performance (r = .33, p <.01) and, word memory and number sense (r =
40, p <.01). This result is accordance to the finding of Passolunghi and Siegel
(2001), which was that children with mathematics disability had difficulty on both
working memory tasks; numerical and verbal.

Findings of the current study, about the relationship between number sense
and processing speed, were somewhat different than previous research (Bull &
Johnston, 1997). It was reported previously that processing speed was a factor

strongly correlated to mathematical ability in children (Bull & Johnston, 1997).
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However, in the current study, results indicated low significant correlations between
processing speed and number sense (r = .35, p <.01).

Previous studies observed high co-occurence between mathematics and
reading/language difficulties (Butterworth & Reigosa, 2007; Jordan, 2007).
Especially word reading was stated to have high importance for retrieval of
arithmetical facts (Geary, 1993). Torgesen et al., (2001) proposed that the correlation
between math-calculation ability and word reading skills was .59, with the mediation
of phonological processing ability. In the same study, it was demonstrated that there
was also a significant relationship (r = .51) between word reading skills and math
fact recall. Interestingly, the correlations of word reading with number sense (r = .37,
p <.01) and arithmetic performance (r = .31, p <.01) were not that much high. The
importance of reading comprehension for especially mathematics problem solving
was discussed in the literature since both of these processes require reasoning skills
(Fuchs & Fuchs, 2002). Nonetheless, the current study demonstrated a moderate
significant correlation of reading comprehension to only number sense (r = .46, p <
.01); but a low correlation (r = .34, p <.01) to arithmetic performance.

Rapid Automatized Naming (RAN) is argued to be important for number
concepts and skills (Berninger & Richards, 2002). Especially, RAN number subtest
IS seen as a predictor of number sense by some researchers (Baker et al., 2000). In
addition, a relation between RAN and mathematics performance is suggested by
some others (Waber et al., 2004). However, the results of this study are not in line
with the literature. The negative correlation of RAN to number sense (r =-.27, p <
.01) and arithmetic performance (r = -.21, p < .05) shows a too low significance.

Furthermore, the multiple regression analysis showed that in an initial model

when all the variables hypothesized to account for the variance in number sense were
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included, only three measures came out to be significant predictors for number sense,
arithmetic performance, number memory and reading comprehension. Among these
measures, arithmetic performance made the largest contribution to the variance of
number sense. In related studies, number sense was stated to be a powerful predictor
of later mathematics achievement (Jordan et al., 2007; Jordan, Glutting, & Ramineni,
2010). For instance; Jordan et al., (2007) showed that number sense accounted 66%
of the variance in mathematics achievement. However, a study which focused on the
prediction of number sense through mathematics achievement could not be found
although related searches were carried out many times with different key words. This
increases the importance of the current study since this study is the first to examine
the relations between these constructs in the reverse direction.

The present findings on the relationship between number sense and working
memory are in keeping with Locuniak and Jordan’s (2008) findings. In their study,
they examined the predictors of calculation fluency, which number sense was
suspected to predict. The regression model explained the variance in calculation
fluency 16% more when number sense tasks were added to the model. This means
that number sense predicted calculation fluency over and above other predictors.
Moreover, digit span backward which was accepted as a working memory measure
(Schofield & Ashman, 1986) showed significance both before and after number
sense tasks were added. This shows that working memory and number sense are
constructs that behave in accordance with predicting the development of
mathematical skills. Furthermore, the current study adds to the body of knowledge
on early mathematics development by looking at number sense, in particular, and
examining the effect of working memory on its variance. The findings showed that

they behaved in the same way again and working memory became the second large
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contributor to explain the variance in number sense. There are a number of reasons
why working memory is important for the development of number sense. Working
memory is stated to be important especially during early mathematics learning
because it is the time children still use counting procedures to give answers to
mathematics problems (Geary, Hoard, Byrd-Craven, & DeSoto, 2004). Secondly, the
development of counting, as a component of number sense, appears to result in the
development of memory representations of mathematical facts. This means that
children are expected to make direct retrieval for number operations like 5 + 3 after
some time they start formal schooling. And, this can be possible if they use memory-
based problem solving. In addition, working memory goes on being the key element
for mathematics skills when children go into being an adult. It was stated that poor
working memory leads to difficulties in mathematics performance in coming years
(Lezak, 1995).

There is little research taking mathematics ability and reading comprehension
into consideration. One of these studies conducted on fourth grade students
(Tuohimaa, Aunola, & Nurmi, 2008). The results showed that the covariance
between mathematics word problem solving scores and reading comprehension skills
was strong enough (standard estimate = .67) to say that the better reading
comprehension skills, the better mathematics problem solving performance. In
accordance with this finding, reading comprehension became the third variable
predicting the variance in number sense, as the base for problem solving. Reading
comprehension accounted for 20% of the variance of number sense in the final
model. Reading comprehension is expected to be effective in explaining the variance
in number sense because number sense itself includes understanding the meaning of

numbers. Moreover, there is an analogy between reading and mathematics; the
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relations between numbers are converted into mathematical language using symbols
whereas the relations between words, sentences in a passage are converted into a
different verbal language using simpler, summarizer words.

Locuniak and Jordan’s (2008) findings was also in line with the results of the
current study on the non-accordance of word reading and number sense. In their
study, word reading did not affect the variance in calculation fluency significantly
before and after number sense tasks were added. Likewise, word reading did not
show significance in the variance for number sense in the initial model of this study
and explained only 4% of the total variance. Both in the study above and in the
current study, there was a time limit as 1-min for this test. But in the current study,
students get stressed when they saw a stopwatch in the examiner’s hand. During the
test administration processes, some of the students lost their attention and motivation
as time passed. They could hardly read the shortest words correctly. Hence, the non-
significance of word reading in this study is probably due to such a time problem.

Lago and DiPerna (2010) examined the factor analytic structure of number
sense and observed that a two-factor model best fitted the data from the sample of
kindergarten students. One of these factors was rapid naming measures which also
included RAN numbers. The study showed that students with higher levels of
number-related skills showed better performance in naming tasks. However, T-RAN
indicated no significance on the variance of number sense in this study. This result is
consistent with the remaining question Lago and DiPerna (2010) specified. They
stated that although RAN was among the factors explaining number sense, it was not
clear whether RAN was really included in the number sense construct or separated
from it. It was proposed that correlations among the factors may sometimes point out

the presence of a higher order factor in research studies (Fabrigar, Wegener,
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MacCullum, Strahan, 1999; cited in Lago & DiPerna, 2010). RAN numbers,
therefore, may not be directly affecting the variance of number sense; but indicate an
indirect effect over another variable. This can be a possible explanation why RAN
numbers p-value is not significant in the model.

As noted above, Bull and Johnston (1997) found that processing speed was
the best predictor of mathematics ability. This study is not supportive of this view as
it was found that processing speed does not affect significantly the variance of
number sense. This could be due to the time problem like it was in word reading part.
To analyse this problem in more detail, it should be noted that processing speed
requires the ability to stay on a given timed task and this ability is affected by
motivation and time pressure. In Bull and Johnston’s (1997) study, there was not a
time limit for students to complete the visual matching task which was also used in
this study. However, participants in the current study tried to complete the task
within a 3-min time limit. Thus, the time pressure may have caused the non-
significance of processing speed.

The second research question was addressed to determine the features of first
graders who have good, average and poor number sense performance were described
in terms of arithmetic performance as a math measure, reading and cognitive
correlates of mathematics learning. ANOV A was conducted for the groups’ means
on the variables stated above with the exception of RAN and reading comprehension
measures because of their non-normality. The results indicated that there were
significant differences between the groups on all the measures entered in to ANOVA.
In order to specify what causes this significance, Tukey’s post-hoc analyses were

conducted.

82



In the current study, the PNS group answered very few items when compared
to the ANS and the GNS group on number memory test. Thus, significance between
these group means was observed. This finding is consistent with the previous
research. It states that children who have mathematics difficulties show more
impaired performance in numerical information working memory tasks than their
normal achiever counterparts (Hitch & McAuley, 1991; Siegel & Ryan, 1989). On
the other hand, it was found that the PNS group had a significant mean difference
only between the GNS group on word memory measure in this study. This result
goes along with the view, noted above by Passolunghi and Siegel (2001). They found
that children who had disabilities in mathematics also had difficulty in both
numerical and verbal working memory tasks. One possible explanation for the
significance on memory measure is that children with smaller working memory
capacity have a limited storage to fill in whereas larger working memory means more
available space for knowledge. Larger working memory enables to pass from
counting to direct retrieval in making number operations which many children with
poor number sense or difficulties in mathematics suffer from.

In a longitudinal study, children who were poor math achievers were also
accepted as having mathematics learning disability and they were identified with the
use of standardized mathematics achievement measures like KeyMath-Revised and
WJ-Revised (Mazzocco & Thompson, 2005). In line with Mazzocco and Thompson
(2005), the current study indicated that the PNS group scored the least in arithmetic
performance test as a measure of mathematics when compared to the ANS and the
GNS group, showing a significant difference. This is because weak number sense
means not understanding the meaning of numbers, sequencing, number line, counting

and many other components that form the core for later mathematics achievement.
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Without getting the notion of four operations or order of numbers, to achieve on an
assessment over a specific mathematics curriculum would not be possible.

The present study found that the mean difference between the PNS and the
GNS group was significant; the PNS group got the lowest score in the visual
matching processing speed task. This result is in accordance with Bull and
Johnston’s (1997) finding that low-ability mathematicians were significantly slower
than in processing speed tasks than the high ability group. This result can be
interpreted in different ways. The children in the PNS group may have slow
information processing, which means that their long-term memory access takes much
time while solving mathematics problems. Or, they may have problems with
automaticity. So, their response time gets longer.

The mean difference between the PNS and the GNS group was significant on
the measure of word reading, as well. However, a study of number sense which
included word reading as a group measure could not be found. Only the correlation
between word reading and arithmetic was presented in studies. One of these studies,
(Fuchs et al., 2006) indicated that especially sight word efficiency enhanced
efficiency in arithmetic word problem solving. Moreover, number sense tasks do not
include symbolic language all the time. For instance, children’s word efficiency is
required for number combinations, which are sometimes posed in problem format. It
helps to have access to every word of the written problem. Even a person reads aloud
the problem; children often feel the need to follow it by themselves. The PNS group
is expected to have difficulties in following the problem words and resolving the
whole problem. Then, this causes low performance even on easy number sense tasks.

In the literature, mathematics difficulties studies often focus on mean

differences between two groups; low and high ability. Hence, the comparison of the
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average and good group could not be found to discuss with the finding of this study.
The current study has a high importance because of this reason, as well. The
performances of the ANS and GNS group was evaluated and compared in terms of
the variables in the study. The results indicated that the ANS group differed
significantly from the GNS group on all the measures entered into the ANOVA. The
ANS group’ performance on arithmetic performance, number and word memory,
processing speed and word reading was significantly lower than the one of the GNS
group.

At the beginning of the analyses, these two groups’ scores in other measures
were expected to be close to each other. This is because their number sense scores
were so similar that it was confusing how to separate these participants into two
groups. Even after forming the groups, the means of these groups on other measures
were thought to be close to each other and no significant difference was expected.
However, the assumptions before the analyses were not satisfied. The significant
difference between number sense performance and mathematics achievement of the
ANS and GNS group may be due to the lack of overlap in the test items of
mathematics achievement test and number sense test. This means that the number
sense battery’s nearly all the items were at a moderate level of difficulty and the
group members scored very similarly. But the items in other measures got more
difficult as proceeded. Therefore, the ANS who could be accepted as successful as
number sense performance could not show the same level of success in other
measures. In other words, they showed their real performance which could not
realized during the number sense battery. This situation indicated that the

participants of the ANS group some of whom were thought to deserve to be in the
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GNS group at the beginning of the analysis were really in the group they should have
been in.

There is little research investigating the relation of RAN numbers and later
arithmetic performance as a math measure in a predictive fashion (Chard et al.,
2005). Furthermore, a number sense study comparing RAN numbers performance
between groups could not be found. This is one more point, highlighting the
importance of the current study. The findings showed that the PNS group differed
significantly from both of the other groups on RAN numbers measure whereas there
was no significant difference between the ANS and the GNS group this time. The
justification for this result is probably that the structure of the tests was similar to
each other. In other words, RAN numbers and number sense were both at moderate
level of difficulty. And, the PNS group consisted of students who show difficulties in
mathematics, indeed and does not show similarity to the students in the ANS group,
therefore. As such, the mean difference on RAN numbers present significance for
these two groups. The non-significance between the ANS and the GNS group may be
due to the same explanation. The behaviors of students in these two groups on
number sense test seem to be similar. Since the structure of two tests is somewhat
like each other, their behaviors on RAN numbers are similar, as well. So, no
significance between mean differences of these two groups was observed.

As noted above, research on the relation of reading comprehension and
mathematics skills is not much. Moreover, it is highly difficult to find number sense
studies that consider group differences on reading comprehension. In this study, the
PNS group showed significant difference between the other two groups on this
measure like it behaved on RAN numbers. Likewise, there was no significant

difference observed between the ANS and the GNS group. The possible explanation
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for this finding may be the same with the one given for RAN numbers above. The
reading comprehension test did not get difficult as proceeded like number sense
battery. Therefore, the behaviors which the groups showed were like the ones they
showed on their number sense performance.

Related literature discusses on the effect of the parents’ educational
attainment on students’ academic performance. Maternal education level was found
to predict positively the children’s mathematics performance (Lewis, 2000). This
means that the higher the maternal education level, the more likely the children
would be at higher levels at mathematics performance. This is explained in the way
that mothers with higher educational attainment provide more support for their
children during preschool education. These mothers also have higher expectations on
educational issues for their children and they are more interested in their children’s
school life at first grade level (Englund et al., 2004). In accordance with these
findings, the mean differences of number sense scores of students with low and high
educational level mothers were found to be significant in the current study. One
explanation for this finding is that as the level of education increases, mothers
become more aware of their children’s need to be interested in. Then, these mothers
try to learn what to do to help their children in the correct way for their academic and
behavioral development. The literature states that paternal education also positively
predicts children’s mathematics performance. However, the mean differences for
fathers’ educational level were not found as significant in this study. This may be due
to the grade level of the sample. In other words, first grade is the time children start
formal schooling and they need mother support more than the support of fathers

during this period. Thus, significance may not be satisfied at fathers’ side.
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Educational Implications of the Study

Results of the current study have potential implications for the prediction of number
sense in young children. In prediction for mathematics difficulties literature,
longitudinal studies were often designed with the use of number sense measures to
make predictions for later mathematics outcomes. The current study investigates the
issue in a reverse direction. It was hypothesized that mathematics measures may also
have a role in the development and change in number sense. Thus, this study is the
first to examine the effects of so many different variables including arithmetic
performance as a mathematics measure on the variance of number sense. The
significance of the study appears more clearly when it was observed that there was
not a study describing the current situation of number sense and the factors affecting
its development in Turkey. In recent literature, many studies have been conducted on
the relation of working memory and mathematics development to number sense.
However, more research is needed to examine the relationship between reading,
processing speed and RAN to number sense performance.

The second major implication is that this study emphasized the current
situation beyond designing a number sense screening tool. It indicated that arithmetic
performance, number memory and reading comprehension were the variables
explaining the variance in number sense the most. Therefore, this study showed a
route for which key elements should be considered while designing a number sense
screening tool.

The third implication arises at the point of comparison of number sense group

profiles. By comparing the profiles of the students with poor, average and good
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number sense, a more refined understanding of strengths and weaknesses for each
group was provided. This profiling was believed to be of value to especially

classroom teachers when evaluating their students’ mathematics performance.

Limitations

The study has a number of limitations. This study included only first graders. To be
able examine developmental differences more thoroughly, it would be better to
include second graders, as well.

Reading comprehension, word memory and the translated version of the
number sense battery were developed by the researcher; but the reliability and
validity studies of these measures were not realized with an acceptable number of
children. Therefore, the use of these measures might have affected the results.

The number sense battery was stated to be appropriate for children from the
age 5 to 6 when children attend to early childhood education (ECE). However, ECE
is not obligatory in Turkey. This means that at that age some of the children have a
higher academic level of mathematics knowledge whereas their counterparts without
ECE are at a lower level. To overcome this difference, the administration process
took place at the end of first grade when their level may have been closer.
Nonetheless, this situation may have affected the results of the study.

The duration of test administration for each child was nearly one hour. This
time duration was long for some participants. Therefore, they may have been bored

and lost their attention. This may have affected the results of the study.
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Suggestions for Further Research

In the current study, the possible key elements of a number sense screening tool that
is to be designed in the future were determined. Future research should design such a
screening tool with these elements and examine the reliability and validity of the tool
on a large sample from kindergarten to the end of first grade.

During the test administrations, it was realized that students’ understanding of
the problems in the mathematics achievement test was highly related to the wording
of the problems. Therefore, future research should use the data of the study to
investigate the relationship between mathematics achievement and word reading,
considering each question in the test separately.

For further research, the relationship between RAN, processing speed, word
reading and number sense should be investigated on a longitudinal study. Although
these variables did not indicate significance on the regression analyses in this study,
their effects over a long time period across different grade levels has remained
unexplored.

Moreover, this study can be replicated with a larger sample and in a
longitudinal fashion. This time logistic regression can be used and considering each
group stated in this study separately, the effect of each independent variable on the

variance in number sense can be investigated.
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Uygulayici adi:

Tarih:
Ogrenci Bilgi Formu
Bu form, 6grencinin sinif 6gretmeni tarafindan doldurulacaktir.
Liitfen asagidaki boliimii eksiksiz olarak doldurunuz.
e Ogrenci Ad1-SoYadi : ......oovveveveveeeeeeeeeeeeeeeeee s
« Ogrencinin Dogum Tarihi: ----/ ---- [ -------
¢ OKUIU: L
e Sinift: .............
« Ogrencinin Cinsiyeti: Kiz( ) Erkek ()
« Ogrencinin Okuldncesi Egitimi: Var () Yok ()

» Annenin Egitim Diizevi :

Okuryazar degil () Okuryazar ( ) Tlkokul ( )
Ortaokul () Lise ( ) Universite ()

Lisanststi ()

» Babanin Egitim Diizevi :

Okuryazar degil () Okuryazar ( ) Tlkokul ( )
Ortaokul () Lise ( ) Universite ()

Lisanststi ()

» Annenin Meslegi:

* Babanin Meslegi:

98



« Ogrencinin isitme problemi var mi1? Evet ( ) Hayir ()

« Ogrencinin dil ve konusma problemi var mi1? Evet ( ) Hayir ( )

« Ogrencinin okuma yazmada sorunu var m1? Evet ( ) Hayir ()

« Ogrenme giicliigii, dikkat eksikligi ve/veya hiperaktivite bozuklugu gibi
tanilardan herhangi birini almig m1?

Evet () Hayir () Bilgim Yok ( )

Evet, ise hangisi ? s

* Ogrenciniz okumay1 ne zaman 6grendi?

*Tiirkce ders notu (birinci yariyil):

*Matematik ders notu (birinci yariyil):

+Ogrencinizin akademik durumu ve gelisimi hakkinda eklemek istedikleriniz:

KATKILARINIZ iCIN COK TESEKKUR EDERIZ. ©
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APPENDIX C

TURKISH MEMORY FOR WORDS (T-MFW)
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Ogrenci ad1 — soyadi:

Numarasi:
Okulu:

Uygulayici ad1 — soyadi:

Uygulama Tarihi:

KELIME HAFIZASI
1 cocuk
2 kapi
3 ev
4 Kiz agac
5 cay Kitap
6 ben ¢
7 uyku elma canta
8 ¢imen baba kayak
9 kalem duvar abla
10 yap bak giindiiz
11 kedi cesme kutu
12 kus riizgar tilki
13 | dolap hepsi aksam Ceviz
14 balik defter sepet Giines
15 | bebek deniz bahge Kos
16 | kardes uzak oda Senin tek
17 oyun kadin lamba Git sabun
18 | ekmek konus havug Kapi bardak
19 | horoz okul gorap Yiiz otur bizim
20 ucak adam resim Kara senin ama
21 | zaman neden tabak Yildiz dayi iki
22 | lezzet peri aslan Bitir hayat muz kapak
23 araba kasik peynir Toka fare kazak cilek
24 isik zor silgi Etek sonra hali bulut

101




APPENDIX D

SAMPLE ITEMS OF WORD READING TEST
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DENEME

g//,'z‘/%
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DENEME

A

FPam
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APPENDIX E

READING COMPREHENSION MEASURES
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KEDI

Kedi, dinyanin her yerinde en cok beslenen
hayvandir. Bir kedinin gozlerine bakin. Onu
sevdiginizi belli ederseniz hemen yaniniza
gelir. Ayaklariniza dolanir. Kendisine kizilip
bagirildiginda ise ortadan kaybolur. Kedilerin
cogu oyun oynamayl sever. Et yemeye, sUt icmeye
hepsi bayilair.

Kedilerin farkli ozellikleri olabilir. Bazi
kedilerin kuyrugu uzun, bazi kedilerin kuyrugu
kisadir. Bazi kedilerin de gdz rengi degisik
olabilir. Ornedin; Van kedisinin gdzlerinin biri

mavi, digeri yesildir.

Burhan EREN
Ebe Sobe Dergisi
Agustos — 2004

(Dlizenlenmistir.)
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KEDI
DEGERLENDIRME SORULARI

Ogrenci ad1 soyadi: SURE:

Numarasi:
Okulu:

Uvygeulayici ad1 soyadi:

Uygulama Tarihi:

1.  Pargaya gore diinyanin her yerinde en ¢ok beslenen hayvan nedir?

2. Bir kedi onu sevdiginizi anlarsa ne yapar?

3. Bir kedi ne zaman ortadan kaybolur?

4.  Parcaya gore kedilerin yapmay1 sevdigi seyler nelerdir?

5. Parcaya gore kedilerin hangi 6zellikleri birbirinden farkli olabilir?
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KUMBARA

Eren’e ablasi dodum giininde bir kumbara
hediye etti. Eren buna cok sevindi. O
guinden sonra harcliginin bir kismini
kumbarasina atmaya basladi. Aradan aylar
gecti. Ablasinin dogum gunu yaklasti. Eren
ablasina bir kitap hediye etmeye karar
verdil. Fakat kitabi almaya harcliga
yetmedi. Birden aklina biriktirdigi
paralar geldi. Kumbarasini acti. Icinden
kitap i1¢cin gerekli parayi aldi.
Kumbarasini kapatti. Eren seving¢ ic¢inde

kitapciya gitti.
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KUMBARA
DEGERLENDIRME SORULARI

Ogrenci adi soyadi: SURE:

Numarasi:
Okulu:

Uvygulayici adi soyadi:

Uygulama Tarihi:

1. Bu oykiide kimler var?

2. Eren har¢ligini alinca ne yapiyor?

3. Eren neden ablasina hediye almak istiyor?

4. Eren kitab1 alabilmek i¢in ne yapt1?

5. Kumbarasinda para biriktirmek Eren’in isine nasil yaradi?

6. Sen Eren’in yerinde olsaydin harcliginla ne yapardin?

7. Dogum giinlerinde ni¢in hediye aliriz?
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