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Abstract

The aim of this study is to examine the number seakdls of secondary school (6th-8th grades) sitgleThe
screening model among the descriptive researchaudstivas used in the study. 366 secondary schodérsisi
(6th-8th grades) in Ordu province participatedhia study. The study data were collected by the meursbnse
test developed by Kayhan- Altay (2010). The findired the study showed that the number sense pefares

of the students were very low. It was determined there was a significant difference in favouttaf 8th-grade
students in terms of the grade levels and in fawduhe female students in terms of the gendehénrtumber
sense performances between 6th-8th-grade studedts/th-8th-grade students. On the other hand, & wa
determined that there was a significant positivati@nship between the mathematical achievemerdshamber
sense performances of the students.
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1. Introduction

The number sense that has been emphasized in se@@stis examined with different definitions bgearchers.
For example, there are definitions for the numtmarse, such as “the sense that is related to thaingsaof
numbers” (Berch, 2005), “the general comprehensfarumbers and operations, the ability to develoisgies
while dealing with them, and to flexibly build mathatical reasoning skills” (Mcintosh, Reys and R&@92;
Reys, Reys, McIntosh, Emanuelsson, Johansson amgl, ¥899). Again, we can encounter many definitifams
the number sense, such as “the ability to recogmizkiple ways by making reasonable deductionsoimeto a
solution” (Howden, 1989), “the ability to think ftébly, make predictions while making calculatioasd make
deductions about numerical quantities” (Greeno1198tc. When the literature is examined, it isenstbod that
the number sense is generally examined in the tibreof the determined components; however, no comm
terminology has been formed in these componenis & definition of the number sense, and thatcaigh it
covers the same skill, different researchers ptefese different nomenclatures.

The first classification coming to mind aimed atealing the characteristics of children with a nembense
was performed by the NCTM, and the following chéedstics were listed. (1) They know and understtred
meanings of numbers very well, (2) They can devetaptiple relationships between numbers, (3) Thag ¢
recognize the relative sizes of numbers, (4) Thegwk the effects of operations on numbers, (5) Toay
develop reference points for the measurementseobtjects around them (NCTM, 1989: 38). In otherdsp
the strategies used by students with the humbesesiensolving the problems are different comparcedther
students. While students with the number sensealeaelop flexible strategies for solving the probdestudents
with a low number sense can perform an operationebsrring to the rules they have learned previpasid
based on paper and pencil (Yang, 2005).

In the studies carried out on the number sensegttmpt to determine at what level the number seonfe
students from different grade levels are and hair therformances change in terms of various vagmblich as
gender, grade level, and mathematical achievemastmade. In the studies carried out to determiadetiel of
number sense, it was determined that the perforesaatstudents were very low and students refaoedle-
based solutions in their solutions (Yang and LR&0Singh, 2009; Harg, 2010; Kayhan Altay, 2010;h€med

L This study was produced from the research projecdAR-1339 supported by Ordu University Scientific
Research Projects (SRP) department.
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and Johnny, 20105k and Kar, 20118engil and Gilbgci, 2012;iymen, 2012). In some of the studies in
which how the number sense performances changednms of grade level was determined, it was replattat
the usage ratio of number sense decreased asalle tpvel increased (Menon, 2004; Kayhan Altay,0201
Mohamed and Johnny, 2010), while it was reportezbime studies that this ratio increased (Singh928éngl
and Gillbgci, 2013). Although it was determined that therengssignificant difference in the number sense
performance in terms of the variable of gender amynstudies (Aunio, Lim, Hautamaki and Van Luit020
Aunio, Niemivirta, Hautamaki, Van Luit, Shi and Ztta 2006; Harg, 2010; Kayhan-Altay, 2010; Menor)£20
Takir, 2016; Yang and Li, 2008), it is possiblefittd studies indicating that there is a significalifference
(Singh, 2009). On the other hand, studies revedlirgelationship between the mathematical achiewtsnand
number sense performances of students (Yang, 208%tan, Kaplan, Locuniak and Ramineni, 2007; Yakig
and Lin, 2008; Harg, 2010; Kayhan-Altay, 201@phamed and Johnny, 201@engul and Gulbgl, 2012;
Bayram and Duatepe-Aksu, 2014) indicate that stisdenth high mathematical achievements can use the
number sense better than students with low achiemem

In many countries, in the last 10 years, mathemaitucators have pointed out how important the ldpagent

of the number sense is and have suggested tHadutdsbe integrated into mathematics curriculumngyand

Li, 2008; Yang, Reys and Reys, 2009). Althougtrdhis no acquirement or activity for creating thember
sense in the mathematics curriculum being impleateih Turkey, the importance of the number sense is
emphasized (Umay, Akkuand Duatepe, 2006). For this reason, to deterainghat levels the number sense
performances of secondary school students arepertant in terms of determining the measures ttaken in
curriculum and learning environments. In this cattéhe aim of this study is to examine the nunmdesrse skills

of secondary school students (B-grade) in terms of various variables. In this eahtanswers to the following
questions were searched in this study:

1) At what level is the mathematical achievement ebselary school students (8-§rade) in the number
sense test?

2) Atwhat level is the number sense performance cdrsgary school students (§-8rade) in the number
sense test?

3) Is there a significant difference between the nundemse performances of secondary school students
(6-8" grades) according to the grade level?

4) s there a significant difference between the nundemse performances of secondary school students
(6-8" grades) according to the sub-dimensions of thebeursense test?

5) Is there a significant difference between the nundemse performances of secondary school students
(6-8" grades) according to gender?

6) Is there a significant relationship between the hmatatical achievements and number sense
performances of secondary school students"(Gr8des)?

2. Method

This research is a descriptive study. The screemodel was used to examine the number sense penfices
of secondary school students in terms of variousmbkes. 366 6-8 grade students studying in Ordu province
are the participants of the study (Table 1).

Table 1. Sample of the study

Grade Female Male Total
6" grade 77 72 149
7" grade 66 51 117
8" grade 54 42 100
Total 197 169 366

The "Number Sense Test" consisting of 17 questmasthree sub-dimensions which was developed by
Altay (2010) was used as a data collection toothe study. This test consists of the sub-dimensioins
"Flexibility in Calculation" consisting of eight g@stions, "Conceptual Thinking in Fractions" consgstof four
questions and "Using the Reference Point" congjstihfive questions. The practical way is expectede
chosen in simple operations encountered in the tigussof flexibility in the calculation componerthe
fractions are expected to be expressed by diffespresentation forms such as the number lineaatibns and
the field model in the questions of the concepthalking in fractions dimension, and the referepoént is
expected to be decided and used in the questionsing the reference point dimension. Kayhan-Al2g10)
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found the reliability coefficient for the test measments to be 0.86. In this study, the KR-20 maeér
consistency coefficient for the test measuremersts valculated to be .78. This value indicates thattest
measurements are reliable.

For the analysis of the data, firstly, the correcswers were evaluated as "1 point”, and the ircoanswers
were evaluated as "0 point", and the mathematidegeance scores of the students were calculated avotal

of 17 points. Secondly, students were scored agwpid their use of number senses while solvingpttedblems,

"1 point" was given for number sense-based answaeuis$,"0" point was given for solutions that werdaiied

by making some calculations with rule-based, umclead uncertain answers and incorrect answers. The
distribution of the answers given by all the papadnts to the questions in the test was primanigneined for

the analysis of the data. On the other hand, thesk&l-Wallis H and Mann-Whitney U tests of nonpag#io
tests were used in the data analysis because thebgined did not show a normal distribution.tkermore,

the Spearman Brown correlation coefficient was wdated to determine the relationship between stisden
mathematical achievement scores and number serfsenpance scores.

3. Findings

The data collected during the first phase of tlielystvere analyzed using appropriate statisticdiriepies, and
the obtained findings were explained by means etables.

3.1. Findings for the First Sub-Problem

The mathematical achievement scores obtained witiénscope of the sub-problem of "At what levethe
mathematical achievement of secondary school stsd6r8" grade) in the number sense test?" were analyzed,
and the descriptive statistics of the scores obthare presented in Table 2.

Table 2. Descriptive statistics of the mathematicdlievement scores

n Highest Score to Mean Standard
obtain deviation
Mathematical Achievement Score 366 17 7.04 4.13

3.2. Findings for the Second Sub-Problem

The number sense scores obtained within the scbpee sub-problem of "At what level is the numbense
performance of secondary school students"(@8ade) in the number sense test?" were analyzed,tee
descriptive statistics of the scores obtained agsgmted in Table 3.

Table 3. Descriptive statistics of the number sextsees

n Highest Score to Mean Standard deviation
obtain
Number sense score 366 17 3.29 3.02

It is understood from Table 3 that the mean ofrthmber sense scores obtained by the students imutheer
sense test is 3.29. When it is considered thahitieest score to obtain is 17, it is remarkablé tha mean of
the students' mathematical achievement scoresydos.

Table 4 was obtained when the students' numbee smmses were examined according to the componoétie
number sense test.

Table 4. Descriptive statistics of the number sestsges according to the components of the nungresestest

Highest Score to Mean Standard deviation
obtain
Flexibility in calculation 8 2.08 1.82
Conceptual Thinking in Fractions 4 77 .98
Using the Reference Point 5 43 .87

It is understood from Table 4 that the mean nunskeese score of the students was the highest ifettibility
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component and the lowest in the component of Ugiadreference Point.
3.3. Findings for the Third Sub-Problem

To test this sub-problem, the mean and standarititevs of the scores of the number sense testeo$tudents
at each grade level were firstly calculated andoagsented in Table 5.

Table 5. Number sense scores according to the ¢gadke

Grade levels n X SS
6 149 2.68 242
7 117 3.15 2.89
8 100 4.37 3.64

When Table 5 is examined, it is observed that thgrade students have the highest average by 4n@i7the
6"-grade students have the lowest average by 2.6&thwhthere was a significant difference in the bem
sense performances of the students according tgrétuke level was tested by the Kruskal-Wallis H,tesd it is
presented in Table 6.

Table 6. Kruskal-Wallis H test results of the numbense performances according to the grade levels

Grade n Mean Rank sd & p Significant differences
6 149 165.33 2 14.87 .001 6-8, 7-8
7 117 178.16
8 100 216.83

When Table 6 is examined, it is observed that timaber sense performances significantly differ inmie of
grade levels £;,,.,,=14.877; p<.01). According to Table 8,a significaifference was found in terms of the
number sense performances between thgréde students and"grade students (U=5280.50, p<.01) and
between 7-grade students and'§rade students (U=4686.50, p<.01).

3.4. Findings for the Fourth Sub-Problem

To test this sub-problem, the averages of the nusdrese scores of the students at each gradesles@iding to
the components of the number sense test and tlhergages of the averages were firstly calculatet aae
presented in Table 7.

Table 7. Number sense test scores according tgréuke levels and the components of the number sesise

Conceptual Using the

Flexibility i
Grade Levels exIbT y " Thinking in Reference
Calculation . .
Fractions Point
6"grade X 1.61 .68 .39
(n=149) % 20.12 17.00 7.80
7"grade X 2.13 72 31
(n=117) % 26.63 18.00 6.20
8"grade X 2.75 .98 64
(n=100) % 34.38 24.5 12.80

When Table 7 is examined, it is observed that teamscore percentages increased frrgréde to 8 grade in
the components of "flexibility in calculation" aridonceptual thinking in fractions". In the componhef using
the reference point, it is understood that thegBade students have the highest percentage, anai¢an score

202



Journal of Education and Practice www.iiste.org
ISSN 2222-1735 (Paper) ISSN 2222-288X (Online) ‘-'—.i,'
\ol.8, No.25, 2017 IIS E

percentage of thé"égrade students is higher than the mean scoremageof the 7-grade students.

Whether there was a significant difference betwibenscores of the secondary school studentd @-&des) of
the questions for the components in the numberesess in terms of the grade level was tested eyKituskal-
Wallis H test for unrelated measures, and the pbthdata are presented in Table 8.

Table 8. Kruskal-Wallis H test results for unrethteeasures of the scores of the questions of tipaoents in
the number sense test according to the grade levels

Sub-dimensions Grade Mean rank sd X2 p Significant
level Differences
Flexibility in 6 149 161.17 16.87 .000 6-8
Calculation 7 117 18390 2 7-8
8 100 216.31
Conceptual 6 149 175.20 5.78 .056 -
Thinking in 7 117 177.06 2
Fractions 8 100 203.40
Using the Reference 6 149 182.33 5.64 .59 -
Point 7 117 171.96 2
8 100 198.75

It is understood from Table 8 that the studentdfopmances of the questions in the sub-dimensitaxitility in
calculation” differed significantly in terms of ga levels £z,_..,,=16.87; p< .01). Two-by-two Mann-Whitney U
tests were performed between the grade levelsterrdme the source of this difference between gladels. In
terms of the "flexibility in calculation" componemgerformances of the number sense test, a significa
difference was found between th8-grade students and thd' @nd #-grade students (U=5157.00, p<.01;
U=4862.50, p<.01).

3.5. Findings for the Fifth Sub-Problem

The statistics for determining how the number sgresformances of secondary school students"(grades)
changed according to gender are presented in Bable

Table 9. The scores obtained by the secondary s6h8bgrade students from the number sense test acgordin
to their gender

Gender N Rank Mean  Rank Sum U o
Male 169 171.74 29024.50 14659.50  .047
Female 197 193.59 38136.50

As it is observed in Table 9, a significant diffece was found between the number sense performahtes 6-
8".grade students according to gender (U=14659.847p<.05). When mean ranks were taken into acc@unt
was understood that the difference was in favodemwiale students.

3.6. Findings for the Sixth Sub-Problem

The averages of the mathematical achievement amibeusense of the secondary school'{@des) students
were calculated according to the grade levels tamabtained findings are presented in Table 10.
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Table 10. Averages of the mathematical achievemedinumber sense of the secondary scho8tgr&de

students
Mathematical Number Sense
Grade Level N Achievement sd
Mean
Mean
6" grade 149 6.42 3.86 2.68 2.42
7 grade 117 6.37 3.97 3.15 2.89
8" grade 100 8.75 4.22 4.37 3.64
Total 366 7.04 4.12 3.29 3.02

When Table 10 is examined, it is understood that mathematical achievements and the number sense
performances of the students increase togethdreagrade level increases. The Spearman correlatisnused

to determine the relationship between studentdh@maatical achievement scores and number sensaparfoe
scores.

Table 11. Correlation between the number sensermtbematical achievements of the'Bggade students

Correlation
) Spearman Correlation 1 .831
Mathematical
. P .000
Achievement
N 366 366
Spearman Correlation .831 1
Number Sense P .000
N 366 366

The Spearman Brown correlation coefficient was walted as (r=.831) to determine the relationshifwben

the mathematical achievement scores and numbee gegrformance scores of the students. This finding
indicates that there is a positive, high correfatiretween the mathematical achievement and nuneeses
scores of the students.

5. Discussion

When the general objectives of mathematics edutatie examined, the "development of mental comioutat
skills" is accepted as the basis (NCTM, 1989).he mathematics curriculum which has been implenteinte
our country since 2005 and has been put into petdir the 5-8 grades as of the 2013-2014 academic year, the
statements that "The student will be able to eiffett use his/her estimation and mental computasikilts, to
develop problem-solving strategies and to use tieraveryday life" are among the general objectioés
mathematics. In line with the aim determined witthie scope of this study, important clues have lndeained
regarding to what extent these objectives thataseciated with the number sense have been achieved

The findings obtained to determine at what level thmber sense of secondary school{@&des) students is
indicate that students' success in using their murebnse is low. This finding indicates the sametpaith the
results of many studies that were previously cdroeat with students at various levelsifland Kar, 2011;
Kayhan-Altay, 2010; Markovits and Pang, 2007;ohdmed and Johnny, 2010; Reys, Reys, Mcintosh,
Emanuelsson, Johansson and Yang, 1999; Reys agg Y&98; Sengill and Giilbgei, 2012;Sengil, Gulbgci
and Cantimer, 2012; Yang, 2005; Yang, Li and RidQ8). When the mean scores of the questions inuh#er
sense test are taken into account, it is underdtwatdstudents prefer to calculate and refer tathes instead of
guessing and commenting for asolution. This findag similarities with the results of many previstisdies
(iymen, 2012; Kayhan-Altay, 2010; Markovits anch§a2007; Mohamed and Johnny, 2010; Reys and,Ya
1998; Sengll and Gilkzel, 2012; Sengiil, Gulbgcl and Cantimer, 2012; Yang, 2005; Yang, 2007k data
obtained within the scope of the study show thatrthmber sense performance of students in the gaestion

is lower than their mathematical performances. Bhisws that there is a gap with respect to stutehitity to
perform anoperation and the meanings of the omaratihey perform. This indicates the same poinh \he
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results of Bayram’s (2013) study. Students neelet@upported to be able to comprehend what theatipes

they perform mean and whether calculation is readlgded and to use strategies in such cases sumakisgy
appropriate estimates. Although the number sensetiglearly included in the mathematics curriculutrcan

be said that many acquirements in the curriculuenaasociated with the number sense. However, thdahese
acquirements, which can be associated with the rursbnse, are addressed can pose an obstacle to the
inclusion of number sense usage because similarlgrévious studies in students' solutions (Marlsoeihd
Sowder, 1994; Reys and Yang, 1998; Reys, Reys, tbklin Emanuelsson, Johansson and Yang, 1999; Tsao,
2004; Yang, 2007), it was determined that studpatform rule-based solutions such as routinelyutating the
results of equalizing the denominator, multiplioatiand division operations, and converting a foactio a
decimal. How the acquirements in the curriculum W& presented to students depends on the cowaskete
therefore, it is clear that the role of teachersniportant in learning environments (Gig#icaDede, 2015). The
fact that the use of number sense has been negjlegteeachers on account of the fact that theyhatalirectly
included in the curriculum could be one of the oeasfor the low number sense scores obtained wiitigirscope

of the study. Therefore, to bring together thesguaements with students in well-designed actigitend
learning environments will contribute to the deyetent of number sense.

In this study how the number sense performancegathaccording to the components of the number gesse
was determined. The results of the previous stugHasc, 2010; Kayhan-Altay, 2010; Mohamed ankny,
2010; Yang, 2005; Yang and Li, 2008; Yang,ahd Li, 2008) are different because there issso@ation on
the components of number sense in the literatureéhis study, the most successful component ofestisdat
each grade level was the Flexibility in Calculatmemponent while the most unsuccessful componettieoh
was the component of Using the Reference Poins filhiling obtained is consistent with the resuftthe study
of Takir (2016), who applied the same scale todhme age group. Although more activities for the ab
reference point are included in the mathematicaauum, it is remarkable that the average of timponent is
low. On the other hand, it was determined thatethveais a significant difference in the Flexibility Calculation
component in terms of grade levels. This findingaoted shares similarity with the findings of thedy carried
out by Yaman (2015) on preservice teachers usiag#me scale. On the other hand, it was foundhattihe
determined difference was between the"éggade students and 7'§rade students as in the whole number
sense test.

The effect of gender on success is a frequentigudised issue in the mathematics education literaWlhen the
place of number sense in mathematics educatioanisidered, whether the number sense changes augdadi
gender arouses curiosity. For this purpose, howntimber sense changes according to gender was ree@mi
within the scope of the study. The findings obtdiir this context show that there is a significdiffierence in
students' number sense performances in favoumgdléestudents. This finding shares similarity vk results
of the study conducted by Singh (2009). In manyeptttudies (Aunio, Lim, Hautamaki and Van Luit, 200
Aunio, Niemivirta, Hautamaki, Van Luit, Shi and Zita 2006; Harc, 2010; Kayhan-Altay, 2010; Menorn)4£0
Takir, 2016; Yang and Li, 2008), it was reportedttthere was no significant difference in the numiense
performance in terms of gender.

In the study, a high degree of relationship wasfbbetween the number sense performances and natbaim
achievement performances of secondary school"(§r8des) students. This result shares similarit e
results of many studies (Bayram and Duatepe-Ak&142 Jordan, Kaplan, Locuniak and Ramineni, 2007;
Kayhan-Altay, 2010; Mohamed and Johnny, 20$6ngil and Gilbgi, 2012; Yang, 2005; Yang, Live Lin,
2008). This finding means that the number senseebaswering success increases as the mathematical
achievement increases.

The mean mathematical achievement of students ewaslfto be 7.04 over 17 points while the mean sobre
the number sense was calculated to be 3.29. Ths§ also means that students refer to a writtdcutating in

a question that can be solved by the number sé&Bskagici-Dede (2015) listed the reasons that could be
effective in the low number sense of students;elae the fact that the number sense is not seritilgi included

in the curriculum, that the activities in textboaks not contribute to the development of the nunsesrse and
that the examination system leads to the use esitliat provide the fastest way to get the coamstver. When
these factors are taken into account, activitiesigieed for the use of number sense should be iedlud
textbooks and learning environments.

The findings obtained from the study showed tharehwere significant differences in the number sens
performances in terms of grade level between tB8gBades and 7"8grades in favour of the 8th grade. The fact
that the average of the number sense increasde: agdade level increased also attracted attentibis. finding

205



Journal of Education and Practice www.iiste.org
ISSN 2222-1735 (Paper) ISSN 2222-288X (Online) “—.5[1
\ol.8, No.25, 2017 IIS E

shares similarity with the results of the studiéSakir (2016), $ik and Kar (2011) an§engil and Gulbgci
(2012). On the other hand, Kayhan-Altay (2010) rtgmbthat the number senses of students decreasta a
grade level increased and stated that increasiegliaignot guarantee the development of number sense

The data obtained during the study showed thatstisdcould not use their number senses in theedksiay.
Therefore, it is important for teachers who areptaners of courses to design activities in whattidents can
use their number senses. Although the number sienget clearly emphasized in the acquirements ef th
curriculum, a lot of studies for the developmenhomber sense should be included in the relevantisaments.

References

Aunio, P.,Ee, J., Lim, S. E. A., Hautamaki, J., &WVLuit, J. E. H. (2004). Young children’s numbense in
Finland, Hong Kong and Singapotaternational Journal of Early Years Educatict? (3), 195-216.

Aunio, P.,Niemivirta, M., Hautamaki, J., Van Luit, E. H., Shi, J. & Zhang, M.(2006). Youngchildmimber
sense in China and Finlariicandinavian Journal of Educational Researsh (5), 483-502.

Bayram, G. (2013)8. Sinif @rencilerinin Uslu ifadelere ifkin say! duyular ve barilar arasindaki iliki.
Yayinlanmany yiiksek lisans tezi. Pamukkale Universitegitin Bilimleri Enstitiisii, Denizli.

Bayram, G. and Duatepe-Aksu, A. (2014). 8. Sigredacilerinin sl ifadelere #kin sayi duyulari ve Barilar
arasindaki igki. Bati Anadolu Eitim Bilimleri Dergisi, 5(9), 47-70.

Berch, D. B. (2005). Making sense of number senseplications for children with mathematical
disabilitiesJournal of Learning Disabilities38 (4), 333—-339.

Greeno, J. G. (1991). Number sense as situated ikgoww a conceptual domailournal for Research in
Mathematics Educatiqr22, 170-218.

Giilbasci-Dede, H. (2015)ilkogretim matematik ve ortaetim Gretmen adaylarinin say! hissinin incelenmesi.
Yayinlanmamy doktora tezi. Marmara UniversitesigiEm Bilimleri Enstitiisii,istanbul.

Har¢, S. (2010). 6. Sinif géencilerinin sayr duygusu kavrami agisindan mevdutumlarinin analizi.
Yayinlanmamy Yiiksek lisans tezi, Marmara Universitesgjtin Bilimleri Enstitiisii,istanbul.

Howden, H. (1989). Teaching number sergithmetic Teacher6—11.

Isik, C. and Kar, T. (2011)lkogretim 6, 7 ve 8. sinif @encilerinin say algilama ve rutinolmayan problem
cozme becerilerinin incelenmesihi Evran Universitesi gitim Fakiiltesi Dergisil12(1), 57-72.

fymen, E. (2012).8. sinif @rencilerinin (slu ifadeler ile ilgili sayr duyulamn sayir duyusu bijenleri
bakimindan incelenmesivayimlanmamy yilksek lisans tezi, Pamukkale Universitesi Feninidri
Enstitisu, Denizli.

Jordan, N. C., Kaplan, D., Locuniak, M. N. & RamineC. (2007). Predicting first grade math achieeamn
from developmental number sense trajectotiesrning Disabilities Research&Practic@2 (1), 36—46

Kayhan-Altay, M. (2010)/lkogretim ikinci kademe grencilerinin sayi duyularinin; sinif diizeyine, dyete ve
say! duyusu bikenlerine gore incelenmesayinlanmamy doktora tezi, Hacettepe Universitesi, Sosyal
Bilimler Enstitisu, Ankara.

Markovits, Z. and Pang, J. (2007). The ability otts grade students in Korea and Israel to copé witmber
sense tasks. InWoo, J. H., Lew, H. C., Park, K. &.Seo,D. Y. (Eds.),Proceedings of the 31st
Conference of the International Group for the Pgogy of Mathematics Educatigiol. 3, pp. 241-
248), Seoul: PME.

Markovits, Z. and Sowder, J. (1994). Developingnambense: An intervention study ingradel@urnal for
Research in Mathematics Educati@b (1), 4-29.

Mclintosh, A., Reys, B. J., & Reys, R. E. (1992)./mosed framework for examining basic number sé&wuse.
the Learning of Mathematics, 132), 2-8.

Menon, R. (2004). Elementary school children’s naméense. International Journal for Mathematicschieg
and Learning. (http://www.cimt.plymouth.ac.uk/joathramamenon.pdf adresinden edinitin).

Mohamed, M. and Johnny, J. (2010). Investigatingniner sense among studenfrocedia Social and
Behavioral Science817-324.

206



Journal of Education and Practice www.iiste.org
ISSN 2222-1735 (Paper) ISSN 2222-288X (Online) 5-'—.!l1
\ol.8, No.25, 2017 IIS E

National Council of Teachers of Mathematics (NCTI1)989). Curriculum and evaluation standards ftnost
mathematics. Reston, VA: Author.

Reys, R. E. and Yang, D. C. (1998). Relationshigvben computational performance and number sensa@m
sixth- and eighth- gradestudents in Taiwdournal for Research in Mathematics Educatigfi (2), 225—
237.

Reys, R. E., Reys, B. J., McIntosh, A., Emanuels$sn Johansson, B., & Yang, D. C. (1999). Assessin
number sense of students in Australia, Sweden, draiand the United StateSchool Science and
Mathematics99 (2), 61-70.

Singh, P. (2009). An assessment of number sensegsercondary school students. International Joudonal
Mathematics Teaching and Learning. Oct 2009, 1 — 28BSN 1473 - 0111). (http:/
www.cimt.plymouth.ac.uk/ journal/singh.pdf'den eifimi stir).

Sengul, S. and Gulgal, H. (2012). Evaluation of nhumber sense on thaest of decimal numbers of the
secondary stage students in Turkeyernational Online Journal of Educational Scieag$(2), 296-310.

Sengll, S.,Gulbgel, H. & Cantimer, G. G. (2012). 6. Sinigréncilerinin yizde kavrami ile ilgili sayi hissi
stratejilerinin incelenmesithe Journal of Academic Social Science Studig, 1055-1070.

Takir, A. (2016) 6., 7. ve 8. Sinif gencilerinin Sayr Duyusu Becerilerinin Bazi ggkenler Acisindan
Incelenmesi Dicle Universitesi Ziya Gokalpgtim Fakiiltesi Dergisi 29, 309-323.

Tsao, Y. L. (2004). Exploring the connections amongnber sense, mental computation performancethand
written computation performance of elementary pngse school teachergournal of College Teaching
& Learning, 1(12), 71-90.

Umay, A., Akky, O. & Duatepe-Paksu, A. D. (2006). Matematik ddrsb. sinif &retim programinin NCTM
prensip ve standartlarina goére incelenmeksicettepe Universitesi gitim Fakiiltesi Dergig 31, 198-
211.

Yaman, H. (2015). Sinif Diizeylerine Goregsr@tmen Adaylarinin Sayr Duyusu Performansléastamonu
Universitesi Kastamonugdiim Dergisi, 23(2), 739-754.

Yang, D. C. (1995). Number sense performance aadlegies possessed by sixth and eighth grade stugten
Taiwan (Doctor of Philosophy, University of MissourColumbia, 1995) Dissertation Abstracts
International UMI No. AAT 9705388.

Yang, D. C. (2005). Number sense strategies usegttbgrade students in TaiwaBducational Studies31(3),
317-333.

Yang, D. C. (2007). Investigating the strategiesduby pre-service teachers in Taiwan when respgnttin
number sense questiorgshool Science and Mathematit7 (7), 293—-301.

Yang, D. C., & Li, M. N. (2008).An investigation &rd grade Taiwanese students’ performance in numbe
senseEducational Studies34(5), 443-455.

Yang, D. C., Reys, R. E., & Reys, B. J. (2009). Nemsense strategies used by pre-service teach&€eswan,
International Journal of Science and Mathematicsiéation 7(2), 383-403.

Yang, D. C., Li, M. N. & Lin, C. I. (2008). A Studgf the performance of 5th graders in number senskits
relationship to achievement in mathematidsternational Journal of Science and Mathematics
Education 6, 789-807.

207



