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Every child starting primary school enters a new and a different environment. In this environment,
cognitive skills such as learning to read and write, and doing math using his/her knowledge from the
preschool period are expected from the child. Problem-solving that is a part of mathematics is one of
the higher levels cognitive skills expected from first grade students. Problem solving that is regarded as
the one of the important cognitive activities is considered as a focal point of mathematics (Yan, Wiles, &
Yu-Ying, 2008). In the last 30 years, its presence in curricula has notably increased. Although matching,
classifying, ordering, patterning and thinking about numbers are a few examples of the initial problem
solving kindergarten activities (Smith, 2001); children are introduced to mathematical word problems
that require reading and understanding in the first grade. In the first grade of Turkish elementary
schools, children are also required to learn addition and subtraction. They learn to use these skills either
in their basic form such as 5+8=13 or in the context of word problems such as “l have 5 marbles, and my
brother gave me 8 marbles. How many marbles do | have altogether?’”” On the other hand, many
students in every level of education experience difficulties in solving word problems (Fuentes, 1998;
Mayer, 1998). For this reason, it is important to find the reasons for this issue for the first year of
elementary school.

A number of longitudinal studies have been published recently on mathematical development in the
transitional period from pre-school to elementary school (e.g. Aunio & Niemivirta, 2010; Duncan et al.,
2007; Wilson, 2014). In these studies it is stated that the construction of mathematics learning are built
up earlier (Sarama & Clements, 2007), and effective early education has been shown to provide a
foundation for later academic success and, in particular, mathematics achievement (Aunio & Niemivirta,
2010; Duncan et al., 2007; Grissmer, Grimm, Aiyer, Murrah, & Steele, 2010; Jordon, Glutting, &
Ramineni, 2010; Pagani, Fitzpatrick, Archambault, & Janosz, 2010; Wilson, 2014). The majority of these
studies have focused on young children’s early literacy and math skills, often assessed in terms of
identifying letters, words, numbers, counting and shapes (Miller, Muller, Giesbrecht, Carpendale, &
Kerns, 2013). These studies will be presented in chronological order.

One of the most-cited studies was conducted by Duncan et al. (2007) who inquired about which
kindergarten characteristics matter the most in predicting later academic achievement. According to
this study, early mathematics skills showed the most power in predicting later mathematics and reading
achievement. In fact, preliminary mathematics skills predicted later reading better than preliminary
reading skills. In addition, behavioural and emotional adjustment as well as social skills in kindergarten
had no significant influence on later achievement. Aunio and Niemivirta’s (2010) study, conducted after
Duncan et al. (2007), has parallel results. They concluded that the acquisition of relational and counting
skills that were early math skills before formal schooling are predictive of the learning of basic and
applied arithmetic skills and of later overall mathematical performance. Again, one of the early
mathematics skills, number sense, investigated by Jordon et al. (2010) was found to be a powerful
predictor of later mathematics performance not only at the end of first grade but also the end of third
grade. Moreover, number sense alone made a significant and unique contribution to regression model.

Pagani et al. (2010) replicated the model of school readiness described in Duncan et al. (2007). They
included various other characteristics in the model and their results supported the findings of Duncan et
al. (2007). According to this study, kindergarten cognitive skills, namely receptive vocabulary and
number knowledge, as well as hyperactive behaviours, are associated with academic achievement by
the end of the fourth grade. In addition to early attention, math and reading skills, Grissmer et al. (2010)
added two new skills (fine motor skills and general knowledge) to predict children’s later achievement.
These two skills, when combined with attention, added significant additional predictive power for fifth
grade scores compared to early math and reading scores alone. One of the latest studies was conducted
by Wilson (2014). They added three independent variables: social skills, self-regulation and work related
skills. In their study, again, early academic skills are the strongest predictors of later performance on
both standardized tests and grades. Early mathematics skills were more strongly predictive of later math
achievement than early reading skills, but also of total achievement and grades.
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When the results of these studies are evaluated, it can be concluded that math related factors were
more effective on academic achievement than other factors. If we want to search for reasons for failure
in mathematical problem solving in the first grade, it is important to consider early math skills. Academic
achievement is a cumulative process involving mastering new skills and improving existing skills
(Entwisle & Alexander, 1996; cited in Duncan et al., 2007). For that reason, as well as existing skills, new
skills are also very important for mathematical problem solving. One of the important new skills taught
in the first grade is reading comprehension (Fuentes, 1998), which is frequently researched in relation
with mathematical problem solving.

Reading comprehension that must be acquired at the beginning of the first years of schooling is
defined as the ability to read a text, process it and understand its meaning (Rose et al., 2000). An
individual’s ability to comprehend a text is influenced by his/her traits and skills, one of which is the
ability to make inferences. Reading skills are based on identifying symbols of the written language,
language knowledge, cognitive skills and skills related to the world. In the literature, it is frequently
stated that students who have difficulty with reading comprehension also have difficulty understanding
the problem in the text, which is an obstacle for students to reach a correct solution. So, educators need
to improve students’ reading in order to improve their mathematics learning (Fuentes, 1998). For
example, in his study, Hite (2009) tried to increase reading comprehension skills of children in order to
improve their problem solving abilities, with successful results.

Students encountered with mathematical word problems that most of them have difficulty with for
the first time at the first grade. Therefore, it is important to reveal variables such as reading
comprehension skills and early math skill to prevent students from this obstacle. As seen from the
literature, early math skills (as existing skills) and reading comprehension skills (new skill) were searched
separately with mathematics achievement, but there is almost no study related to mathematical
problem solving. In the literature, Duncan et al.(2007) defined early math skills as counting, ordinals vs.
relative size; Jordon et al. (2010) defined them as number sense, counting knowledge, number
recognition, number comparison, non-verbal calculation and story problems; Claessens and Engel (2013)
defined them as identifying numbers, recognizing geometric shapes and counting; Aunio and Niemivirta
(2010) defined them as early numeracy comparison, classification, one to one correspondence,
seriation, the use of number words, structured counting. Early math skills include comparing words (e.g.
high, low), positional words (e.g. in, out), directional words (forward, backward), sequence words (e.g.
first), the language of time (morning, day of week), shape words (e.g. circle, square), number words (e.g.
more, less) and math symbols (e.g. +, -). It is important to conduct studies that consider all of these skills
as a whole. In this study, different from the literature, some new skills (such as direction, etc.) were
added, and Bracken’s basic math related concepts with reading comprehension were taken into
consideration; early math skills were defined as numbers/counting, sizes/comparisons, shapes,
direction/position, quantity, and time/sequence (Bracken, 1986). The total score of these skills, which
are part of Brackens’ scale, was taken into consideration.

Therefore, the aim of the present study was to examine the relations between mathematical
problem solving, reading comprehension and early math skills (numbers/counting, size/comparison,
shape, direction/position, quantity, time/sequence). Specifically, our goal was to determine which of
these variables are more critical in predicting mathematical problem solving performance. Therefore,
the research problems are:

1. Are there significant relationships between the variables: early math skills (numbers/counting,
sizes/comparisons, shapes, direction/position, quantity and time/sequence), reading comprehension
and mathematical problem solving?

2. What are the predictive power of early math skills and reading comprehension on mathematical
problem solving?
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Method
Research Design

A non-experimental quantitative research method was used in this study. Since the sample was
researched two times (at the beginning of the year and at the end of the year) this study can be
considered a panel study that is a type of longitudinal study. In panel studies the same selected people
participate two or more times to collect further data (Johnson & Christensen, 2014).

Participants

This study was carried out at an elementary school in Kadikdy, which is one of the districts of
istanbul and is the most crowded and cosmopolitan city in Turkey. All of the first graders (n=190) were
included in the study. The students that could not participate at the end of the study were excluded, so
the sample of this study consists of 185 first grade (66—84 month) students consisting of 74 (40.00%)
female and 111 (60.00%) male students.

Data Collection Tools

Three instruments were used in this study: Bracken Basic Concepts Scale, a mathematical problem
solving test and a reading comprehension test.

The Bracken basic concept scale: Expressive form: The Bracken Basic Concepts Scale: Expressive
Form, developed by Bracken (1984) for evaluating basic concepts in the development of children
between 3.00-6.11 years old, was used in this study. The scale consists of 10 sub-tests. The sub-tests are
ranged as colours, letters/sound, numbers/counting, size/comparison, shapes, direction/position,
self/social awareness, texture/material, quantity and time/sequence. Only math related factors were
used in this study. The adaptation of Bracken Basic Concepts Scale: Expressive Form was done by Yoleri
and Seving (2011). Test-retest correlation was found r = .99 (p=.00) in the reliability study. The Cronbach
alpha internal consistency coefficient was .91 and Spearman-Brown’s two half-test correlation was .86.
KR-20 reliability was calculated as .89. The analyses show that the scale is reliable and valid. The School
Readiness Score: School Readiness Composite (SRC) section takes approximately 5-10 minutes. In this
study, KR-20 reliability was calculated as .88.

Mathematical problem solving questions: As a mathematical problem solving measure, five
mathematics problems were given to students. For the first and second questions, the objective was
“solving problems related with addition” and for the third and fourth questions, the objective was
“solving problems related with subtraction”. These four questions were one-step questions. The
objective of last question was a combination of these two objectives, and it included two steps. With the
help of three class teachers, all of the problems were taken from the first grade course book, which was
published by the Turkish Ministry of National Education. Each question was scored by taking the Holistic
Scoring Rubric into account. The Holistic Scoring Rubric was developed by the Centre for Research on
Evaluation, Standards, and Students Testing (CRESST) in 1995 (Aschbacher et al., 1995, cited in Asik,
2009). It took one class hour (40 minutes) to complete this test. In the Holistic Scoring Rubric, students’
performance was scored on a scale ranging from 0 to 4 for each question. Briefly, 0 = totally wrong or no
answer at all; 1 = an incomplete and/or incorrect solution providing evidence in attempt to solve the
problem; 2 = incorrect solution by selecting appropriate strategies; selecting appropriate
procedures/strategies to solve the problem, but the solution was not entirely correct; 4 = totally correct
solution.
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An example of these problems is given in the following.

Ayse has 17 books. She read 3 of them. Find the number of books that were not read.

Reading comprehension questions: A 42-word reading from a storybook, which is suggested for first
graders, was chosen with the approval of teachers, and six questions within the scope of 5N 1K (what,
why, how, where, when, who) are asked. Students read the whole story without any time limit, and then
they were asked questions. They were awarded 1 point for each correct answer, and 0 points for each
unanswered question or incorrect answer. The reading text was selected by three teachers. The reading
text consisted of one paragraph and 45 words. Children had read this text as a group. Later on, they
answered seven questions prepared in 5 W 1 H (what, where, when, why, who, how) format. The total
score was obtained by adding (summing up) the total number of correctly given answers.

Procedure

Bracken Basic Concepts Scale: Expressive Form was applied to 185 students at the beginning of the
year over 15 days (in the first half of October), and mathematical problem solving and reading
comprehension measurement tools were applied at the end of the educational year (in the first half of
May). Applications were done individually (for Bracken Basic Concepts Scale), or in a classroom (for both
mathematical problem solving and reading comprehension questions), assigned by the school
administration.

Data Analysis

First skewness and kurtosis values of variables were calculated to test normality of data. Then,
before testing predictive power of early math skills and reading comprehension relationship these
variables were tested whether they have significant relationship with mathematical problem solving or
not. Then in order to test predictive power of independent variables linear regression method was
conducted by using AMOS.18 program (Arbuckle, 2009).

Results

Table 1 presents the descriptive data and Pearson’s correlation matrix for the participants. Before
examining the statistical analysis the presence of outliers, linearity and normality of the data is
examined. Considering skewness and kurtosis values of variables, it was concluded that the variables
were normally distributed. The resulting correlations largely fell in theoretically expected directions (see
Table 1 for correlations). The correlations demonstrated that the variables were mostly inter-correlated
and not excessively high. Considering the regression model as a whole, the analyses indicated that (see
Table 2) the fit of the hypothesised theoretical model to data matrix was acceptable (Simsek, 2007).
(XZ(ZO) =23.95, xz/df= 1.19, p =.00; GFI = .93, AGFI = .87, RMSEA = .05, CFl = .95, NFI = .78).

According to results it is observed that RMSEA value was higher than expected so data from residuals
and modification indexes were analysed. It was concluded that there must be a causal effect of basic
math related concepts on reading comprehension (modification index [MI] = 4.20; with a minimum
expected value for the parameter of .39). On the theoretical level, since it is positive, this effect seems
logical and it indicates that basic math related concepts are associated with reading comprehension.
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Table 1.
Correlation Matrix and Descriptive Data of Variables.
Problem Numbers/ Size/ Direction/ Time/ Reading
Observed Variables Solving Counting Comparison Shapes Position Quantity Sequence  Comprehension
Problem solving -
Numbers/Counting 37" -
Size/Comparison 19 20 -
Shapes 29° 12 11 -
Direction/Position 15 o7 21 14 -
Cuantity 40° 40" 33 36% 232 -
Time/Sequence 38" 18 a7 .25% 0.15 50% -
Reading comprehension Ag° 17 06 20 .07 11 -] -
M 13.37 15.78 473 6.76 21.87 B.11 10.35 5.06
5D 3.91 277 55 1.30 2.67 1.60 1.78 1.42
skewness -27 -58 43 a5 -96 -23 32 -.B4
Kurtosis -15 B3 88 -40 52 -31 -61 86
*p=.00
Numbers/Counting
Size/Comparisan
Shapes
Mathematical
Problem
. ; - Solvin
Directions/Position 9
Quantity
Reading
) Comprehension
Time/Sequence
Figure 1. Hypothesised regression model.
Table 2.
Goodhness of Fit Indexes of Original and Modified Regression Model.
. 2
Goodness of fit X*/sd GFI AGFI RMSEA CFI NFI
Original model 1.19 .93 .87 .05 .95 .78
Modified model .98 .94 .89 .00 1.00 .82




Zeynep Cigdem OZCAN, Handan DOGAN — Pegem Egitim ve Ogretim Dergisi, 8(1), 2018, 01-18

In addition to this modification, the error covariances were reviewed, and it was decided that no
error correlations would be made to the model. The modified model was tested and the results of the
path analysis indicated that every causal and correlational relation was significant. As seen in Table 2,
these modifications yielded an improvement in fit over the previous model (x2(19) =18.67, xz/df= .98, p
=.00; GFI = .94, AGFI = .89, RMSEA = .00, CFl = .99, NFI = .82)

Table 3.
The Standardized Regression Weights for the Final Model.

Regression weights

Reading comprehension <--- Early math skills .34
Mathematical problem solving <--- Early math skills .45
Mathematical problem solving <--- Reading comprehension 27

Numbers/Counting

Size/Comparison

Shapes

Mathematical 1
Problem
Solving

Directions/Positions

Quantity

Reading
Comprehension

Time/Sequence

L

1

Figure 2. Modified regression model.

The final model implies that basic math related concepts have direct effects on reading
comprehension (B = .34) and mathematical problem solving (B = .45). Reading comprehension has a
direct effect on mathematical problem solving (B =.27), but this effect is smaller than the effect for basic
math related concepts (see Table 3 and Figure 2).

Discussion, Conclusion & Implementation

The aim of the present study was to examine the relations between mathematical problem solving
and early math skills (numbers/counting, size/comparison, shape, direction/position, quantity,
time/sequence) and reading comprehension. According to the results of this study, both early math
skills and reading comprehension skills were predictors of mathematical problem solving. Moreover,
early math skills were a stronger predictor of later mathematical problem solving than reading
comprehension skills. Although the studies related to the effects of kindergarten education on academic
achievement have been frequently studied, in recent years, the effect of early math skills that were
obtained during preschool education were included in studies. In these studies, early math skills,
especially counting skills, have been found to be good predictors of later mathematics performance
(Aubrey, Godfrey, & Dahl, 2006), and counting skills in kindergarten, such as number—word sequence

7
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skills and enumeration skills, have shown to predict basic arithmetic skills in the early grades of primary
schools (Jordan, Kaplan, Locuniak, & Ramineni, 2007). Again, some of them concluded that having the
number concepts results in deeper understanding of mathematical problems (Baroody, 2003 cited in
Duncan et al., 2007).

Results of this study show that, not only early math skills but also reading comprehension was a
powerful predictor of mathematical problem solving. Some children develop algorithm skills (e.g. the
ability to compute) quite well, but they had difficulty with word problems (Fuentes, 1998), and because
of the difficulty in word problems, they need to translate words into mathematical symbols. In addition
to mathematical computations, the need for comprehending what he/she read is very important while
solving math word problems.

Instead of reading ability (new skills), early math skills (existing skills) have a more powerful effect on
mathematical problem solving. Similar results were also found by Duncan et al. (2007). They concluded
that mathematics ability upon entry to kindergarten is a strong predictor of later academic success, and
in fact, even a better predictor of later success than early reading ability (Duncan et al., 2007).

One of the striking results of this study was that early math skills were also a predictor of reading
skills. As indicated in the literature, mathematics performance and reading skills have been shown to be
closely related. For example, Light and De Fries (1995) showed that difficulties in arithmetic were
associated with the development of reading ability. Moreover, studies that dealing with children with
learning disabilities have shown that difficulties in reading and in math often take place together
(Jordan, Hanich, & Kaplan, 2003; Jordan, Kaplan, & Hanich, 2002; Vilenius-Tuohimaa, Aunola, & Nurmi,
2008).

School readiness of a child requires competence in areas of development. Inefficiency in one of the
development areas negatively affects a child’s school readiness. Similarly, math readiness of a child is
comprised of all early math skills. A deficiency in one of them may have a negative effect on a student’s
math achievement. According to this point of view, studying early math skills more extensively and as a
whole is one of contribution of this study to the literature. Moreover, different from the literature, in
this study, mathematical problem solving, which is an important part of math education, was taken into
consideration as a dependent variable.

This study determines the importance of early math skills for not only mathematics problem solving
but also reading comprehension. Studying only the first grade is a limitation of this study. These
students may also be observed in the second, the third and the fourth grades.
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Tiirkge Siiriim

Giris

ilkokula baslayan her cocuk, éncekinden farkl bir ortama girer. Bu ortamda gocuktan, okul éncesi
donemden getirdigi bilgilerini kullanarak okumayi ve yazmayi 6grenmek ve matematikle ugrasmak gibi
bilissel beceriler beklenir. Matematigin bir parcasi olan problem ¢ézme, birinci sinif 6grencilerinden
beklenen Ust diizey bilissel becerilerden biridir. Onemli bilissel faaliyetlerden biri olarak gériilen problem
¢0zme, matematigin odak noktalarindan biri olarak kabul edilmektedir (Yan, Wiles, & Yu-Ying, 2008). Son
30 yil iginde, matematik 6gretim programlarindaki varhigi dikkat gekici derecede artmistir. Her ne kadar
sayllarin eslestirilmesi, siniflandiriimasi, siralanmasi, modellenmesi ve sayilar hakkinda disiinme okul
oncesi problem ¢dzme faaliyetlerinin ilk 6rneklerinden birkagi olsa da (Smith, 2001), ¢ocuklar ilk defa
birinci sinifta, okuma ve anlama gerektiren matematik problemleri ile karsi karsiya kalmaktadirlar.
Tirkiye'deki ilkokullarinin birinci sinifinda, ¢ocuklardan toplama ve ¢ikarma 6grenmeleri beklenir. Bu
becerileri ya 5+8=13 gibi temel bicimde, ya da '5 misketim var, kardesim bana 8 misket verdi. Toplam kag
misketim oldu?' gibi matematik problemleri baglaminda &grenirler. Diger taraftan, bircok 06grenci
matematik problemleri ¢dzmekte zorlanir (Fuentes, 1998; Mayer, 1998). Ogrenciler egitimin her
seviyesinde matematik problemleriyle sorun yasamaktadirlar. Bu nedenle, ilkokulun ilk yillarinda bu
sorunun nedenlerinin tespit edilmesi 6nemlidir.

Okul 6ncesi egitimden ilkokula gecis donemindeki matematiksel gelisim hakkinda yakin zamanda bir
dizi boylamsal arastirma yayimlanmistir (6rn. Aunio & Niemivirta, 2010; Duncan et al., 2007; Wilson,
2014). Bu arastirmalarda, matematik 6greniminin yapisinin daha erken yaslarda olusturuldugu (Sarama
& Clements, 2007) ve etkili bir erken egitimin daha sonraki akademik basarinin, 6zellikle de matematikte
basarinin temelini teskil ettigi gosterilmistir (Aunio & Niemivirta, 2010; Duncan et al., 2007; Grissmer,
Grimm, Aiyer, Murrah, & Steele, 2010; Jordon, Glutting, & Ramineni, 2010; Pagani, Fitzpatrick,
Archambault, & Janosz, 2010; Wilson, 2014). Bu arastirmalarin blylik ¢ogunlugunda kiguk gocuklarin
erken yastaki okuma-yazma ve matematik becerilerine odaklanilmis ve siklikla harflerin, kelimelerin,
sayllarin, saymanin ve sekillerin tanimlanmasi bakimindan degerlendirmistir (Miller, Miller, Giesbrecht,
Carpendale, & Kerns, 2013). Bu arastirmalar kronolojik sirayla sunulacaktir.

En fazla atifta bulunulan arastirmalardan biri Duncan vd. (2007) tarafindan gergeklestirilmistir ve bu
arastirmada hangi anaokulu 6zelliklerinin daha sonraki akademik basarinin 6ngoériilmesinde en buyuk
6neme sahip oldugu incelenmistir. Bu arastirmaya gore, daha sonraki matematik ve okuma basarisini
ongdrme konusunda en bliylk giici erken matematik becerileri sergilemektedir. Hatta erken matematik
becerileri daha sonraki okuma becerisini erken okuma becerilerine gére daha iyi Gngérmektedir. Buna ek
olarak, anaokulunda davranissal ve duygusal adaptasyonun ve bunun yani sira sosyal becerilerin, daha
sonraki basarilar Gzerinde 6nemli hicbir etkisi olmadigi sonucuna ulasiimistir.

Aunio ve Niemivirta’nin (2010) Duncan vd.’den (2007) sonra gerceklestirdikleri arastirmasi paralel
sonuglar vermistir. Erken matematik becerileri olan iliskisel ve sayma becerilerinin 6rgiin egitimden 6nce
kazanilmasinin temel ve uygulamali aritmetik becerilerinin 6grenilmesini ve daha sonraki genel
matematik performansini 6ngérdigi sonucuna varmislardir. Yine, erken matematik becerilerinden biri
olan ve Jordon vd. (2010) tarafindan arastirilan sayi algisinin sadece birinci sinifin sonundaki degil, ayni
zamanda Uglncl sinifin da sonundaki matematik performansinin kuvvetli bir 6ngorisiini teskil ettigi
gorilmistir. Dahasi, tek basina sayi algisi, regresyon modeline 6nemli ve benzersiz bir katki saglamistir.
Pagani vd. (2010), Duncan vd. (2007) tarafindan tanimlanan okula hazir olma modelini tekrarlamistir.
Modele baska cesitli nitelikler dahil etmislerdir ve sonuglari yine Duncan vd.'nin (2007) bulgularini
desteklemistir. Bu arastirmaya gore, anaokulunda kazanilan bilissel beceriler, yani alici dilde kelime
bilgisi ve sayi bilgisi ve bunlarin yani sira hiperaktif davranislar, dérdiinci sinifin sonunda akademik
basariyla iliskilidir.
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Erken dikkat, matematik ve okuma becerilerine ek olarak, Grissmer vd. (2010), ¢ocuklarin daha
sonraki basarilarini dngérmek igin iki yeni beceri (ince motor becerileri ve genel kiiltiir) eklemistir. Bu iki
beceri, dikkatle birlestirildiginde, tek basina erken matematik ve okuma puanlarina kiyasla besinci sinif
puanlari igin 6nemli bir ek 6ngérme giicl saglamistir. En yeni calismalardan biri Wilson (2014) tarafindan
gerceklestirilmistir. Ug bagimsiz degisken eklemistir: sosyal beceriler, 6z diizenleme ve galismayla ilgili
beceriler. Yine arastirmalarinda, erken yastaki akademik beceriler hem standart testlerle hem de notlarla
ilgili daha sonraki performansin en kuvvetli 6n géstergeleri olmustur. Erken yastaki matematik becerileri
erken yastaki okuma becerilerine kiyasla sonraki matematik basarisinin ve ayrica genel basarinin ve
notlarin daha gugli bir 6n gostergesi olmustur. Bu arastirmalarin sonuglari degerlendirildiginde, diger
faktorlere kiyasla matematikle ilgili faktorlerin akademik basari lUzerinde daha etkili oldugu sonucuna
varilabilir. Birinci sinifta matematiksel problem ¢ézmede basarisizligin nedenleri hakkinda bilgi alinmasi
isteniyorsa, erken yastaki matematik becerilerini géz 6niinde bulundurmak 6nemlidir. Akademik basari,
yeni becerilerin kazanilmasini ve mevcut becerilerin gelistirilmesini kapsayan kimdulatif bir siregtir
(Entwisle & Alexander, 1996; cite in: Duncan et al., 2007). Bu nedenle, mevcut becerilerin yani sira yeni
beceriler de matematiksel problem ¢6zme bakimindan ¢ok 6nemlidir. Birinci sinifta 6gretilen nemli yeni
becerilerden biri okudugunu anlamadir (Fuentes, 1998) ve siklikla matematiksel problem ¢ézmeyle
birlikte arastiriimaktadir.

Egitimin ilk yillarinin basinda kazanilmasi gereken okudugunu anlama becerisi bir metni okuma,
isleme ve anlamini anlama becerisi olarak tanimlanmaktadir (Rose et al., 2000). Bir bireyin bir metni
anlama yetenegini, aralarinda ¢ikarim yapma yeteneginin de bulundugu o6zellikleri ve becerileri etkiler.
Okuma becerileri yazih dilin simgelerini tanimlamaya, dil bilgisine, bilissel becerilere ve diinyayla ilgili
becerilere dayanmaktadir. Literatlirde, okudugunu anlama konusunda zorluk c¢eken &grencilerin
metindeki problemi anlamakta da zorlandigi, bunun da 6grencilerin dogru bir ¢dziime ulagmasinin
onlinde bir engel teskil ettigi siklikla belirtilmistir. Bu nedenle egitimciler, 6grencilerin matematik
dgrenimini gelistirmek icin okuma becerilerini de gelistirmelidirler (Fuentes, 1998). Ornegin Hite (2009),
arastirmasinda, ¢ocuklarin okudugunu anlama becerilerini ilerleterek onlarin problem ¢6zme becerilerini
gelistirmeye tesebbiis etmis ve basarili sonuglar elde etmistir.

S6zIU matematik problemleriyle karsilasan 6grencilerin ¢cogunlugun birinci sinifta bu konuda zorluk
cektigi gorulmistir. Bu nedenle, bununla ilgili olan okudugunu anlama becerileri ve erken matematik
becerileri gibi degiskenlerin ortaya ¢ikarilmasi, 6grencilerin bu engele takilmalarinin 6nlenmesi icin
o6nemlidir. Literatiirden anlasildigi Gzere, erken matematik becerileri (mevcut beceriler olarak) ve
okudugunu anlama becerileri (yeni beceri) matematik basarisi baglaminda ayri olarak arastiriimistir,
fakat matematiksel problem ¢6zmeyle ilgili hemen hi¢ arastirma bulunmamaktadir. Alan yazinda,
Duncan vd. (2007) erken matematik becerilerini sayma ve siralama olarak; Jordon vd. (2010) sayi algisi,
sayma bilgisi, sayl tanima, sayi karsilastirma, s6zli olmayan hesaplama ve dort islem problemleri olarak;
Claessens ve Engel (2013) sayilari tanima, geometrik sekilleri tanima ve sayma seklinde, Aunio ve
Niemivirta (2010) da erken matematiksel karsilastirma, siniflandirma, bire bir esleme, dizme, sayi
kelimelerinin kullanilmasi ve yapilandirilmis sayma olarak tanimlamistir. Erken matematik becerileri
sozclklerin (6rn. yliksek, algak), konumsal sozciiklerin (6rn. iceride, disarida), yon sozciklerinin (ileri,
geri), sira sozciiklerinin (6rn. birinci), zaman dilinin (sabah, haftanin giini), sekil s6zctklerinin (6rn. daire,
kare), sayi sozcliklerinin (6rn. daha fazla, daha az) ve matematik simgeleri (6rn. +, -) karsilastiriimasini da
kapsamaktadir. Tim bu becerileri bir biitlin olarak dikkate alan arastirmalarin yapilmasi énemlidir.
Dolayisiyla, alan yazindan farkh olarak bu arastirmaya bazi yeni beceriler (6rn. yon vb.) eklenmistir ve bu
arastirmada erken matematik becerileri sayilar/sayma, boyutlar/karsilastirma, sekiller, yon/konum,
miktar ve zaman/siralama olarak tanimlanmistir (Bracken, 1986). Bu beceriler Bracken temel kavramlar
dlgegi: Ifade edici formunun matematik ile ilgili alt boyutlarini olusturmaktadir. Bu nedenle, mevcut
arastirmanin amaci matematiksel problem ¢ézme, okudugunu anlama ve erken matematik becerileri
(sayilar/sayma, boyut/karsilastirma, sekil, yon/konum, miktar, zaman/siralama) arasindaki iliskileri
incelemek olmustur. Ozellikle bu calismanin amaci matematiksel problem ¢dzme performansinin
yordanmasinda bu degiskenlerden hangisinin daha kritik oldugunu belirlemektir. Bu nedenle, arastirma
sorulari asagidaki gibidir:
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1. Erken matematik becerileri (sayilar/sayma, boyut/karsilastirma, sekiller, yon/konum, miktar ve
zaman/siralama), okudugunu anlama ve matematiksel problem ¢ézme degiskenleri arasindaki
iliskiler istatistiksel olarak anlamli midir?

2. Erken matematik becerileri ve okudugunu anlama becerileri matematiksel problem ¢6zme becerisini
yordamakta midir?

Yontem
Arastirma Deseni

Bu arastirmanin yéntemi deneysel olmayan nicel arastirma ydntemidir. Orneklemin iki defa (yilin
baslangicinda ve yilin sonunda) incelenmesi nedeniyle, bu arastirma boylamsal arastirma cesitlerinden
biri olan panel arastirmasi olarak kabul edilebilir. Panel arastirmalarinda, ¢alismaya katilan bireylerden
iki veya daha fazla 6lgiim alinir (Johnson & Christensen, 2014).

Katilimcilar

Bu arastirma, Tirkiye'nin en fazla niifuslu ve kozmopolit sehri olan istanbul'un bir ilcesi olan
Kadikoy'deki bir ilkokulda yurGtilmustir. Arastirmaya okuldaki tim birinci sinif 6grencileri (n=190) dahil
edilmistir. Arastirmanin son olgimi alinirken katilamayan 6grenciler arastirmaya alinmamistir. Boylece
bu arastirmanin galisma grubu 185 birinci sinif (66-84 ay) 6grencisinden meydana gelmekte olup
bunlarin 74'G (%40.00) kiz, 111'i (%60.00) ise erkektir.

Veri Toplama Araglari

Bu arastirmada ti¢ 6lgme araci kullaniimistir: Bracken Temel Kavramlar Olcegi, matematiksel problem
¢6zme sorulari ve okudugunu anlama sorulari.

Bracken temel kavramlar élgegdi: ifade edici formu: Bu arastirmada, 3.0 — 6.11 yas arasi ¢ocuklarin
gelisiminde temel kavramlarin degerlendirilmesi igin Bracken (1984) tarafindan gelistirilen Bracken
Temel Kavramlar Olcegi: ifade Edici Form kullanilmistir. Olgek 10 alt boyuttan meydana gelmektedir. Alt
boyutlar renk, harf/ses, sayi/sayma, boyut/karsilastirma, sekiller, yén/konum, 6z/sosyal farkindalik,
doku/malzeme, miktar ve zaman/siralamadir. Bu arastirmada sadece matematikle ilgili alt boyutlar
kullanilmistir. Bracken Temel Kavramlar Olgegi: ifade Edici Formun uyarlanmasi Yoleri ve Seving (2011)
tarafindan yapilmistir. Guvenilirlik arastirmasinda test - tekrar test korelasyonu r = .99 (p=.00) olarak
bulunmustur. Cronbach alfa i¢ tutarlilik katsayisi .91, Spearman-Brown korelasyon katsayisi .86’dir. KR-
20 gilivenirligi .89 olarak hesaplanmistir. Analizler dlgegin giivenilir ve gegerli oldugunu gostermektedir.
Okula Hazirlik Puani: Okula Hazirlik (SRC) kismi yaklasik olarak 5-10 dakika siirmektedir. Bu arastirmada,
KR-20 giivenirligi .88 olarak hesaplanmistir.

Matematiksel problem ¢ézme sorulari: Ogrencilerin matematiksel problem ¢6zme becerilerini
olgmek amaciyla bes adet matematik problemi verilmistir. Bu sorulardan birinci ve ikinci sorularin
kazanimi 'toplamayla ilgili problemler ¢6zmek', Gglinct ve doérdiinci sorularin kazanimi ise '¢ikarmayla
ilgili problemler ¢6zme’dir. Bu dort soru bir adimh sorulardir. Son sorunun kazanimi bu iki kazanimin
birlesiminden olusmus olup ¢6ziimi iki adimlidir. Bitlin problemler ¢ sinif 6gretmeninin yardimiyla,
Tirkiye Cumhuriyeti Milli Egitim Bakanligi'nca yayimlanmis birinci sinif ders kitaplarindan alinmistir. Her
bir soru, Bitlinsel Puanlama Yo6nergesinin dikkate alinarak puanlanmistir. Bltlinsel Puanlama Yonergesi
Degerlendirme, Standartlar ve Ogrenci Testleri Arastirma Merkezi (CRESST) tarafindan 1995'te
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gelistirilmistir (Aschbacher et al., 1995, cite in: Asik, 2009). Bu testin tamamlanmasi bir ders saati (40
dakika) sirmistir. Butlnsel Puanlama Yonergesinde 6grencilerin performansi her bir soru igin 0 ile 4
arasindaki bir 6lgek lizerinde puanlanmistir. Kisaca, 0 = tamamen yanlis veya yanit yok; 1 = problemi
¢ozme tesebbis edilmis; eksik ve/veya hatali bir ¢6ziim; 2 = uygun stratejilerin segilmesi fakat hatali
¢6zUm;3= problemi ¢6zmek igin uygun stratejilerin segilmesi, fakat ¢6zimin tam dogru olmamasi; 4 =
tamamen dogru ¢6zimdur.

Bu problemlere bir 6rnek asagida verilmistir.

Ayse'nin 17 kitabi vardir. Bunlarda 3'lini okumustur. Okunmamis kitaplarin sayisini bulunuz.

Okudugunu anlama sorulari: Birinci siniflar i¢in 6nerilen bir éyki kitabindan alinan 42 kelimelik bir
okuma pargasi 6gretmenlerin onayiyla secilmistir ve 5N1K (ne, neden, nasil, nerede, ne zaman, kim)
kapsaminda alti soru sorulmustur. Ogrenciler herhangi bir zaman kisitlamasi olmadan &ykiiniin tamamini
okumuslardir ve kendilerine sorular sorulmustur. Ogrencilere her bir dogru yanit icin 1 puan,
yanitlanmamis veya yanlis yanitlanmis her bir soru icin ise 0 puan verilmistir.

Siireg

Bracken Temel Kavramlar Olgegi: ifade Edici Form 185 &grenciye egitim ve dgretim yilinin basinda 15
gin zarfinda (Ekim'in ilk yarisi), matematiksel problem ¢6zme ve okudugunu anlama ol¢lim araglari da
egitim yilinin sonunda (Mayis'in ilk yarisi) uygulanmistir. Uygulamalar bireysel olarak (Bracken Temel
Kavramlar Olgegi icin) veya okul idaresince saglanan bir sinifta (hem matematiksel sorun ¢ézme hem de
okudugunu anlama sorulart igin) yapilmistir.

Veri Analizi

Oncelikle, verilerin normalliginin test edilmesi icin degiskenlerin carpiklik ve basiklik degerleri
hesaplanmistir. Erken matematik becerileri ve okudugunu anlama degiskenlerinin matematiksel problem
¢6zme becerilerini yordama gici test edilmeden 6nce bu degiskenlerin matematiksel problem ¢ézmeyle
anlamli bir iliskiye sahip olup olmadiklarini tespit etmek amaciyla veriler analize tabi tutulmustur. Daha
sonra, bagimsiz degiskenlerin yordama giiciiniin test edilmesi i¢in, AMOS.18 programindan
yararlanilarak Dogrusal Regresyon Analizi uygulanmistir (Arbuckle, 2009).

Bulgular

Tablo 1, betimleyici istatistikleri ve degiskenler icin Pearson korelasyon analizi sonuglarini
sunmaktadir. istatistiksel analizin incelenmesinden énce, ug degerler ve dogrusalligin varlig incelenmis
verilerin normalligine iliskin analizler gerceklestirilmistir. Degiskenlerin ¢arpikhk ve basikhk degerleri
dikkate alininca, degiskenlerin dagilimin normal oldugu sonucuna varilmistir. Ortaya ¢ikan korelasyonlar
teorik olarak beklenen diizeydedir(korelasyonlar igin bkz. Tablo 1). Korelasyon katsayilari degiskenlerin
cogunlukla birbiriyle iliskili oldugunu ve bu iliskinin de asir1 yliksek olmadigini géstermistir.

Regresyon modeli bir bitiin olarak géz 6nine alindiginda, analiz (bkz. Tablo 2) sonuglari varsayilan
teorik modelin uyum indislerinin kabul edilebilir sinirlarda oldugunu géstermistir (Simsek, 2007). (X*(20)
= 23.95, X*/df = 1.19, p = .00; GFI = .93, AGFI = .87, RMSEA = .05, CFl = .95, NFI = .78). Sonuclara gére,
RMSEA degerinin beklenenden yiiksek oldugu gozlemlenmistir ve bunun Uzerine artik degerler ve
diizeltme indekslerinden elde edilen bilgiler analiz edilmistir. Okudugunu anlama Uzerinde erken
matematiksel becerilerden nedensel bir etkisinin olmasi gerektigi sonucuna varilmistir (modifikasyon
indeksi [MI] = 4.20; parametre icin .39'luk bir asgari beklenen degerle). Teorik seviyede, pozitif olmasi
nedeniyle bu etki mantikli gériinmektedir ve temel matematiksel kavramlarin okudugunu anlamayla
iliskili olduguna isaret etmektedir.
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Tablo 1.
Degiskenlerin Korelasyon Matrisi ve Betimleyici Verileri.

Problem Sayilar/ Boyut/ Yon / Okudugunu
Gézlemlenen Degiskenler Cizme Sayma Karsilastirma Sekiller Konum Miktar Zaman / Sira Anlama
Problem gézme -
sayilar/Sayma 37" -
Boyut/Karsilastirma 19 .20
Sekiller 297 1z 11
Yon/Konum 15 07 21 14 -
Miktar 407 407 33 6% 22 -
Zaman Sira ag” 18 a7 .25% 15 50¥ -
Okudugunu anlama 487 17 08 .20 o7 11 19 -
M 13.37 1578 473 6.76 2187 B.11 10.35 5.06
5D 301 277 055 1.30 267 1.60 1.78 1.42
Carpikhk -.27 -58 43 05 -96 -.23 32 -84
Basiklik -15 B5 88 -40 92 -31 -61 86
*p=.00

Sayilar/sayma
Boyut/Karsilastirma
Sekiller
Erken Matematik i
- Matematiksel
Becerileri )
problem ¢ézme
Yon / Konum
Miktar
Okudugunu anlama
Zaman / Siralama
Sekil 1. Varsayilan regresyon modeli.

Tablo 2.
Orijinal ve Diizeltilmis Regresyon Modelinin Uyum lyiligi indeksleri.
Uyum iyiligi indeksleri X*/sd GFI AGFI RMSEA CFI NFI
Orijinal model 1.19 .93 .87 .05 .95 .78
Degistilmis model .98 .94 .89 .00 1.00 .82

Bu diizeltmeye ek olarak, hata kovaryanslari incelenmistir ve modelde herhangi bir hata

korelasyonunun yapilmamasina karar verilmistir.
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Dizeltilmis model tekrar test edilmistir ve analiz sonuglari her bir nedensel ve bagintisal iliskinin
anlamh olduguna isaret etmistir. Tablo 2'de gorlldugl Uzere, bu diizeltmeler 6nceki modele goére
uyumda bir iyilesme sergilemistir (X*(19) = 18.67, X°/df = .98, p = .00; GFI =.94, AGF| = .89, RMSEA = .00,
CFl =.99, NFI =.82).

Tablo 3.
Nihai Model i¢in Standartlastiriimis Regresyon Adirliklari.

Regresyon agirliklari

Okudugunu anlama < Erken matematik becerileri .34
Matematiksel problem ¢6zme <--- Erken matematik becerileri .45
Matematiksel problem ¢6zme <--- Okudugunu anlama 27

( .E1 F—h Sayilar/sayma L

4 — 1 ] '-....
(e2} o Boyut/karplagirma ) &3

(e3 45{ Sekiller L A -
S ™8 M ~"Erkan matematik

i 45 Matematikzel 1 3
g becerileri s . problem cézme 1 &

— \ .-'\‘l M, —
(4) o Yoo | T
- T8 | 2a -
1 s | 27
" A ¥
Okudugunu
T 1 ¥ anlama
| eb .< Zaman/Siralama TT
(e7)

Sekil 2. Diizeltilmis regresyon modeli.

Son model, erken matematiksel becerilerin okudugunu anlama (Bf=.34) ve matematiksel problem
¢6zme (B=.45) Gzerinde dogrudan etkisinin oldugunu gostermektedir. Okudugunu anlama, matematiksel
problem ¢6zme Uzerinde dogrudan bir etkiye sahiptir (B = .27), fakat bu etki erken matematik
becerilerine iliskin etkiden daha kugtktir (bkz. Sekil 2 ve Tablo 3).

Tartisma, Sonug ve Oneriler

Bu arastirmanin amaci matematiksel problem ¢6zme becerileri ile erken matematik becerileri
(sayilar/sayma, boyut/karsilastirma, sekil, ydon/konum, miktar, zaman/siralama) ve okudugunu anlama
becerileri arasindaki iliskileri incelemektir. Bu arastirmanin sonuclarina gére, hem erken matematik
becerileri hem de okudugunu anlama becerileri matematiksel problem ¢6zmenin anlamh
yordayicilaridir. Dahasi, erken matematik becerilerinin, okudugunu anlama becerilerine kiyasla
matematiksel problem ¢dzmeyi yordama glicli daha fazladir. Okul 6ncesi egitiminin akademik basari
lzerindeki etkisiyle ilgili arastirmalara alan yazinda siklikla rastlanmaktadir. Son vyillarda, okul 6ncesi
egitim sirasinda kazanilan erken matematik becerilerinin etkisi de arastirmalara dahil edilmistir. Bu
arastirmalarda erken matematik becerilerinin, 6zellikle de sayma becerilerinin daha sonraki matematik
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performansini yordama glicliniin iyi oldugu (Aubrey, Godfrey, & Dahl, 2006) ve erken sayma
becerilerinin, 6rnegin sayi-sézciik siralamasi becerilerinin ve sayma becerilerinin ilkokulun ilk siniflarinda
temel aritmetik becerilerine etkili oldugu (Jordan, Kaplan, Locuniak, & Ramineni, 2007) gorulmistar.
Yine, bunlardan bazilari sayi kavramlarina sahip olmanin matematik problemlerinin daha derinden
kavranabilmesini sagladigi sonucuna varmistir (Baroody, 2003 cite in: Duncan et al., 2007).

Bu arastirmanin sonuglari, sadece erken matematik becerilerinin degil, ayni zamanda da okudugunu
anlamanin da matematiksel problem ¢ézmenin gli¢li bir yordayicisi oldugunu géstermistir. Bazi gocuklar
islem yapma becerilerini (6rn. hesaplama yetenegi) oldukca iyi gelistirmis olmalarina ragmen sozli
problemleri ¢bzme konusunda zorluk yasamakta (Fuentes, 1998) ve problemlerindeki so6zll
matematiksel ifadeleri matematik sembollerine gevirmeye ihtiya¢ duymaktadirlar. Bu sebeple islem
yapma becerisine ek olarak, okudugunu anlama ihtiyaci s6zIii matematik problemlerin ¢6ziimiinde son
derece dnemlidir.

Okudugunu anlama becerisi (yeni beceriler) yerine erken matematik becerileri (mevcut beceriler)
matematiksel problem ¢6zimi Gzerinde daha gigli bir etkiye sahiptir. Benzer sonuglar Duncan vd.
(2007) tarafindan da elde edilmistir. Anaokuluna giriste matematik yeteneginin sonraki akademik
basarinin gliclii bir yordayicisi oldugu, hatta bunun erken okuma yeteneginden bile daha 6nemli bir
yordayicisi oldugu sonucuna varmislardir (Duncan et al., 2007).

Bu arastirmanin garpici sonuglarindan biri, erken matematik becerilerinin okuma becerilerinin de bir
yordayicisi oldugudur. Alan yazinda da belirtildigi Gzere matematik performansi ile okuma becerileri
arasinda yakin bir iliski vardir. Ornegin, Light ve De Fries (1995) aritmetikte yasanan zorluklarin okuma
yeteneginin gelisimiyle iliskili oldugunu gostermistir. Dahasi, 6grenme gulgclikleri olan c¢ocuklarin
incelendigi arastirmalar, okuma ve matematikteki zorluklarin siklikla birlikte gorildagini gostermistir
(Jordan, Hanich, & Kaplan, 2003; Jordan, Kaplan, & Hanich, 2002; Vilenius-Tuohimaa, Aunola, & Nurmi,
2008).

Bir ¢ocugun okula hazirligi, gelisim alanlarinda yetkinlik gerektirir. Gelisim alanlarindan birindeki
yetersizlik, bir cocugun okula hazirhgini olumsuz olarak etkilemektedir. Okula hazirlikla ayni sekilde, bir
cocugun matematige hazirhgi da bitiin erken matematik becerilerini kapsamaktadir. Bunlardan birindeki
bir eksiklik, bir 6grencinin matematik basarisi Gzerinde olumsuz bir etkiye yol agacaktir. Bu bakis acgisina
gore, erken matematik becerilerinin daha kapsamli ve bir biitlin olarak incelenmesi, bu arastirmanin alan
yazina yaptigl bir katkidir. Dahasi, alan yazindan farkli olarak bu arastirmada, matematik egitiminin
onemli bir kismini teskil eden matematiksel problem ¢ozme, bagimh bir degisken olarak dikkate
alinmistir.

Bu arastirma erken matematik becerilerinin sadece matematiksel problem ¢ézme bakimindan degil,
ayni zamanda okudugunu anlama bakimindan da 6nemini géstermektedir. Sadece birinci siniflarin
incelenmesi bu arastirmadaki bir sinirhliktir. Bu 6grenciler ikinci, Gglincli ve dordinci sinifta da
gozlemlenebilirler.
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