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Abstract

Does the mathematical reasoning ability develofh witrease in age? How is mathematical reasoriiliya
differing according to gender? The current studyrying to find answers to these two questions.e Btudy
using cross-sectional design, was conducted with (8th, 9th and 10th grade) students attending itidle
school and high school in different provinces ofrkay from different socio-economic environments.
Mathematical Reasoning Test (MRT) was used fordiia collection. Independent groups t-test wasiegjph
order to analyse the relationship between mathealagasoning and gender, and additionally ANOVgt teas
used to determine the differences between gradelslewhe analysis shows that as the age increases
mathematical reasoning develops and male studemtorm significantly better than female students in
mathematical reasoning. It is very important totékle encouraging steps to ensure that women tegted in
mathematics instead of discouraging attitudes aietp, (b) expose students to higher-level problémspen-
ended format without answer options over gradesder to improve their mathematical reasoning.

Keywords. Mathematical reasoning ability, age, gender, neiddid high school students

Introduction

The society and researchers claims that “Mathesaia male domain”. This belief continues to beeated in
modern societies by both genders (Van de Wallepl&ad Bay-Williams, 2010). Is this only a sayingothere

any truth in it? Compared to men, are the womersidened to be doing less mathematics? Is it jysraeption

of women or do they actually do less mathematick@rAhe development of mathematical reasoning raeg

to gender is investigated, the reasons will beudised and certain suggestions will be made. Oottrer hand,
when you hear the expression such as “l couldnindthematics in the previous years but now | caterstand
and solve mathematics problems”, you may gaglso happened to mds there really a development in
mathematical reasoning as the years past? Are g doathematics better as we age? It is expectad th
thinking capabilities of individuals increase witie age. For example, it is expected that a 15-gkhstudent

will perform better than a 10-year-old student @nd@lO-year-old student will perform better than gear-old
child in mathematics. Therefore, in order to grdbp meaning of these expressions, it is important t
scientifically analyse how mathematical reasoniagedops with the increasing age.

Age and Gender

Effect of gender and age on mathematics has be#gbate among researchers and academicians for. years
Researches show that differences can occur magedntly according to gender and increasing agen@&iea

and Sherman, 1977; 1978). Sumpter (2016b) indic#tatl mathematical reasoning of female students are
different from mathematical reasoning of male shislelt has been argued that there are other fadham
physiological reasons, such as class and ethnldtlycauses a difference in mathematical success\@Bll and
Staberg, 2008; Walkerdine, 1998; Yates, 1997).

Despite the fact that female students work hardet #hey are more eager to learn mathematics
compared to male students (Brandell and Staber@8)20esearchers, who have conducted studies dbeut
students with different grades, point out that reathtics is a male domain (Bander and Betz, 1984andl,
Leder and Nystrém, 2007; Brandell and Staberg, 208&hdick, 2005; Sumpter, 2012). It is seen thatema
students like mathematics and regard mathemati@namportant part of their future and therefore arore
successful in mathematics. On the other hand hibieght “female students should study harder in erattics”
leads to the thinking that the male students areerpoone to mathematics than female students (Bfaadd
Staberg, 2008). Tiedemann (2000; 2002) revealed tdechers perceive male students as more talénted
mathematics than female students. Jussim and E¢&/¢32) found that the success in middle school
mathematics depends on hard work for female stsdemd on intelligence for male students. Anotheeaech
states that the mathematical success of male gidipend on spatial (three dimensional) abilitigkile
success of female students depend on oral abiliiésin, Adi-Japha and Hakak-Benizri, 2010). Imibat
reasoning is effective on success of female stsdenmathematics and female students tend to aselatd
methods in mathematical reasoning (Sumpter, 20B3mjilarly, while female students learn standagbethms
to be successful in mathematics, male studentsttiak creatively with their ability that comes frobirth
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(Leslie, Cimpian, Meyer and Freeland, 2015).

Wolbers and Hegarty (2010) claim that gender facteates a difference in terms of learning strategi
used by students in mathematical reasoning. Fanpbea male students tend to use metric calculaimhfocus
on the main aspects of the subjects, while femaldesits prefer to use classical and familiar sfriete(Dabbs,
Chang, Strong and Milun, 1998; Ruggiero, Sergi #nchini, 2008; Wolbers and Hegarty, 2010). Female
students tend to use the strategies they haveelddraom their teachers while male students devdiéfprent
strategies and think more abstract (Fennema, Cempelacops, Franke and Levi, 1998). In the cafiara that
requires addition and subtraction, female studealisulate by using their fingers while male studesre doing
mental computation (Carr and Davis, 2001). Malaeaiits include many probabilities in their thinkiagd
therefore, they try to use different strategiesn(fter, 2016a). This assertion is expressed by &cipant
teacher in Sumpter’s (2016a) research as “maleestacgush all the buttons on the calculator antktthat this
will help them”.

Why Mathematical Reasoning?

Mathematical reality can be understood with thg lelreasoning that is a basis of all the rules @perations of
mathematics (Umay and Kaf, 2005). Ball and Bas9032(point out that mathematical reasoning has the
following tasks: (1) Mathematical knowledge can reeonstructed when it is learned conceptually bngis
reasoning; (2) Reasoning enables revealing andowising new mathematical thoughts; (3) Mathematical
propositions can be verified and proven with reasgn(4) Reasoning helps the students for genextédia of
special conditions; (5) Overarching of mathematozaicepts and operations can be made with reasoning

Mathematical reasoning is a common activity, whieholves induction, deduction, association, and
inference methods, as well as how learners intewétht each other to solve the problems (Yackel Bliaghna,
2003). Reasoning is defined as a task which isafaove the thinking process and the work of thinking
thoroughly about all aspects of the problem, ewengituation and thus reaching a logical conclugigrdem,
2011). The importance and role of mathematicalaeiag on learning is emphasized in national cuhdcu
(MNE, 2013) and international reforms (NCTM, 198%00) and researches (Diezmann and English, 2001;
English, 1998; Erdem, 2011; 2015; 2016; Erdem vebGz} 2015; Lithner, 2008; Umay, 2003). It is stiatkat
(1) there is a relationship between mathematiasieg and reasoning, (2) effective solutions caricamd if a
person uses reasoning to solve a problem and sih€@)can make better association (Diezmann andidbng
2001; Pellerin, 2012).

It can be said that the notion of mathematicalopig is expressed with the existence of "if .arth.",
"because ..." statements. Mason (2001) statedthi@atreasoning uses the structure "if ...than",inal fout
hypotheses and learn how to reach conclusionstajustify ideas for effective reasoning and tocgladeas on
solid ground. It is important for a person to jfystivhat s/he thinks to reveal mathematical reagpnin other
words, it is necessary to u4er this reason ...,”,"because ..., “causes ...” statements for justification (Erdem,
2015). Thus, mathematical justification enables tmn€l) think independently, (2) analyse and exptae ideas
of experts, (3) learn the reasonable thinkings auitldepending on others (Mason, 2001).

Mathematical reasoning in Turkish curriculum (MNE)13) is seen as a process of acquiring new
knowledge using the tools specific to mathematsgsnpols, definitions, relations etc.) and thinkbeghniques
(inductive, deductive, comparison, generalizing)e®imilar properties of mathematical reasoning loa found
in curriculum of other countries. For example, oFasg can be defined as processes with thinkinglyamg,
proving, assessing, deducting, justifying and gali@ng in Australian curriculum (Australian Curdlzim
Assessment and Reporting Authority [ACARA] (2018he common ground of researches and curriculums is
that mathematical reasoning requires using uppekitig and finding correct solutions or resultstle end of
the reasoning.

Research on the effects of age and gender on mathematics

There is no coherence between the results of stuttiiat investigated the effects of gender and age o
mathematics. For example, Fennema and Sherman )(liv&stigated the role of gender difference on
mathematical success in the research with 1320 lenisithool and high school students. They found tiat
differences in terms of gender can not be genedl@nd gender related difference is becoming moparant as
the age increases. Armstrong (1985) concluded iifs@é students are more successful than femalersisid
between 8th grade and 12th grade which is a pdhatishould be carefully observed. Hyde, Fennenth an
Lamon (1990) studied the effects of gender on nmattieal performance in meta-analysis study, theydbthat
male students perform better than female studemthigh school and university although there is aot
significant effect in elementary school and midsttbool level. As a result of longitudinal analysitsiducted on
students between 8th grade and 12th grade (witha?sy gap), Fan, Chen and Matsumoto (1997) stétad t
when a comparison is made in the same class aneg®et8th, 10th and 12th grades, male students tigher
mathematical success rates than female studentsdibke(2005) found out that participants (studemged
between 16- and 19-years-old) inscribed mathemascsasculine, and concluded that it is more diffiéor
girls and women to feel talented at and comfortatita mathematics and so to choose it and to do atet.
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Altiparmak and Ozis (2005) made a study to invedégnathematical proving and mathematical reasoimng
different age levels. The results are as the falgw (1) classification, matching, comparing andlering
concepts are fundamental concepts to develop rewson pre-school period and these concepts help in
transition to logical thinking; (2) elementary sohds in concrete thinking period; (3) middle schperiod is
where student can form assumption on generalizatton evaluate those assumptions; (4) during Rigbad
period, abstract thinking is developed and thisqaers important for induction and deduction. Bratdand
Staberg (2008) found that mathematics is a maleaitoand as the age increases (15-17 years oldys\about
gender are becoming stronger. Liu and Wilson (2@b@wed that male students performed better thavalée
students in 2000 and 2003 PISA results (15 yeafy anid this result is consistent in both years.irkKkt al.
(2010) has not found a significant difference intmeanatical success of male and female studentsesthool.
They also found that spatial reasoning in male'shematical performance and verbal skills in fensmle’
mathematical success were effective. DelLay et28l1%) found that mathematical reasoning developsatie
increases. Scheiber, Reynolds, Hajovsky and Kauff2@h5) found that there was no difference betweate
and female students in mathematics in their rebeaith participants aged 6-21 years, however feraaldents
were better at reading and writing. Sumpter's (20X8udy suggested that high school mathematichées
thought that female students chose standard metinmdishey use imitation method, while male studevese
trying to use more and various strategies. Sun@@t6b) made a survey of high school mathemagiastters

to determine how mathematical reasoning changeer@diog to gender and which types of mathematical
reasoning female and male students use. Accordintgije students are more likely to use algorithraasoning
and female students are more likely to use famaigorithmic reasoning.

Current Study

Why are we investigating mathematical reasonintgims of gender? Although female students work évaral
improve their ability in mathematical reasoninggréhis still a difference between male and femaldemnts in
terms of development (Brandell and Staberg, 2008 reasons why female students have lower rates of
success in mathematical reasoning compared toshalents will be discussed in this study. Implimasi of this
study can prevent stating discriminatory opinions mathematical reasoning and gender relations (i.e.
Mathematics is a male domain) and putting obstamtethe development of female students. The pdaaretitat
men are more successful in mathematics can letdtgiacquire an identity in this direction anddda learned
helplessness in mathematics. If the mathematicatess differs biologically with gender, a mathenslti
teaching method can be developed in such a wayitthwitl be beneficial to the specific student gpoun
addition, if the change of mathematical reasonibidjta depends on age, the level of mathematicabjams,
occupations or activities that are directed tostuelents can be determined according to age groups.

M ethod

Research Design

The present study is a descriptive research bedaas®s to determine and compare an existing gd@naln
such educational research, the events and sitgatienexamined in detail and attempted to desevta they
are (Cohen, Manion and Morrison, 2000). This rede# also a cross-sectional study as it pointglmithange
of mathematical reasoning according to age andagend

Participants

This study was conducted on 409 (8th, 9th and gfake) students attending to middle school and bajiool
in different provinces of Turkey with different soeeconomic backgrounds. Attention was drawn to the
heterogeneous groups in terms of mathematical sadeg looking at the mathematics grades of theipusv
semesters of the participants in each school. Desipbir profile of the participants is illustratedTable 1.
Table 1. Class level and gender distribution ofipigants

ClassLevel Male N(%) Female N(%) Total (N)
8th Grade 74 (52%) 67 (48%) 141
9th Grade 73 (49%) 77 (51%) 150
10th Grade 57 (48%) 61 (52%) 118
Total 204 (50%) 205 (50%) 409

The reason for this research to start from 8th egdd that some test items that measure mathemnatica
reasoning contain only eighth grade subjects in MREL3). For example, a question on the test felasving:

In a computer game, a game is played between hotsebered as 7, 9, 12. In this game two

traditional dice will be rolled and sum of the upide of the dice will be taken. If the sum is

the same as the number of the horse, the horsemeile one step further. The player who

reaches the final point earliest wins the game.dNlhiorse number will be more advantageous

to win the game?

A)7 B)9 C)12 D) Equal.
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This question requires probability knowledge, anobpbility subject is taught in the 8th grade foe first time

in Turkish schools. 11th and 12th grade student® wet included in the study with the concern tiat test
might be insufficient for those students to expldieir mathematical reasoning. Students were giegles such
as S1, S2, S3...

Data Collection

Mathematical Reasoning Test (MRT) with 33 multipl®ice questions developed by Erdem (2016) was used
for collecting the data. After the pilot study thagnsists of 90 students equally distributed tchedass level,
item analysis has been conducted and six queshians been excluded from MRT since they have it t
correlations lower than 30. After this analysis, MRas the final form with 27 questions (see Appesidifor
sample questions). To determine whether or notqinestions in MRT require mathematical reasoningy tw
mathematics teachers and two mathematics acadesiaie consulted as experts. In addition, two stisd&ho
are not included in the real study are selected cqaraktions that are hard to understand and hagediare
corrected after the interviews. According to thig-ptudy, 50 minutes is determined as appropriatetefst
period. Additionally, MRT’s Kuder-Richardson-20 (KB) coefficients are calculated as .816 for 8thdgs,
.820 for 9th grades and .769 for 10th grades. Thakes show that test is reliable for all the gad

Data Analysis

In order to analyse student responses, statishaakage program is used (Statistical Package faiaSo
Sciences-SPSS 22.0). Answers of MRT questionsraalysed by assigning 1 to every correct answerCatal
every wrong answer or unanswered questions. PedsitMest score in MRT is 0 and possible highestesao
MRT is 27. Total point and general mean of eacdesttiis calculated. If the total MRT points arevmsn 0-9
mathematical reasoning is low, between 9-18 matkieadareasoning is medium and between 18-27
mathematical reasoning is high. To determine thenatity, Kolmogorov-Smirnov test is used. The dsit@w
normal distribution (p= .094). Independent grougest is used to determine how mathematical reagoni
changes according to gender. ANOVA test is usedetermine the difference between grades; Schedteofe
Post Hoc tests are used to determine between wghiclps did the difference occur.

Findings

Statistical results of mathematical reasoning atiogrto gender are illustrated in Table 2 and agiogrto class
level are illustrated in Table 4 and Table 5. Math&cal reasoning levels of all students are ginehable 3.
Table 2 Group statistics according to gender

Gender N Mean Standard Deviation Sig. (2-tailed)
Mathematical Female 205 14.1463 5.01743 000
Reasoning Male 204 16.7696 4.82000 '

As indicated in Table 2, mean for female studentathematical reasoning is found as 14.14 and for
male students’ mathematical reasoning is foundéag6l Significant difference between mathematieakoning
of male and female students were found (p =. 08@)this difference is in favour of male students gaen from
the mean values). In other words, mathematicaloréag of male students are significantly higherntha
mathematical reasoning of female students.
Table 3 Mathematical reasoning level of participants

M athematical Reasoning L evel

ClassLevel 0-9 point, Low 9-18 point, Medium 18-27 point, High
Frequency Percentage (%) Frequency Percentage (%) Frequency Percentage (%)
8th Grade 32 23 83 59 26 18
9th Grade 24 16 77 51 49 33
10th Grade 4 3 69 58 45 38
Total 60 15 229 55 120 30

Data in Table 3 indicates that 15% of participahtsve low mathematical reasoning, 55% of
participants have medium mathematical reasoning3@9d of participants have high mathematical reaspni
According to these results, it can be said thattnodsthe participants have medium level mathemhtica
reasoning. On the other hand, the number of paatits from 8th grades that have low mathemateasoning
is high, where the number of participants from 1@thde that have low mathematical reasoning are @l
grade group has the maximum number of participamtdigh level. To assert a clear comment about
mathematical reasoning, individual mean valuesacheclass level should be investigated.

Table 4. Group statistics according to class level

Class Leve N Mean

8th Grade 141 13.93

. . 9th Grade 150 15.51
Mathematical Reasoning 10th Grade 118 1719
Total 409 15.54
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As it can be seen from Table 4, mean values lofy8tde students are determined as 13.93, 9th grade
students are determined as 15.51 and 10th gradenttuare determined as 17.19. This result shoatsl®th
grade students have the highest mathematical riegsorean value. It is possible to say that the kiwalue of
mathematical reasoning is among 8th grade stud@iis. finding shows that as the grade level in@eas
mathematical reasoning also increases. Yet, itotspossible to say whether there is a significafferdnce
between groups or not. Significance between granpsested using ANOVA test.

Table5 ANOVA results

Sum of squares df Mean square F Sig.
Between groups 682.997 2 341.499 14.044 ,000
In group 9872.416 406 24.316
Total 10555.413 408

The results on Table 5 shows that there is a stgmif difference between groups according to grade
levels (p = .000). Yet, it cannot be understoodclwhigroups have significant differences. The graips have
significance difference can be determined by uSiageffe test.

Table 6 Multiple comparison according to class levels (Std)

() Grade (J) Grade Mean difference (I-J) Standard Deviation Sig. 95% Confidence Interval

8. Grade 9. Grade -1,57(%) ,57842 ,025 -2.9982 -,1561
10. Grade -3,25(%) ,61524 ,000 -4.7703 -1.7472

9. Grade 8. Grade 1,57(%) ,57842 ,025 ,1561 2.9982
10. Grade -1,68(%) ,60678 ,022 -3.1723 -,1908

10. Grade 8. Grade 3,25(*) ,61524 ,000 1.7472 47703
9. Grade 1,68(%) ,60678 ,022 ,1908 3.1723

* Mean differences in meaningful in .05 level.

As presented in Table 6, 10th grade students hgnéisant levels of mathematical reasoning tham 9t
grade students and 9th grade students have samifievels of mathematical reasoning than 8th gehddents.
It is possible to say that mathematical reasorsrigiproving as the class level increases. When enssto MRT
questions are compared qualitatively, male studéatge significantly higher values compared to femal
students and as the age increases the mathematisaining also develops. Below answers of somestsido
MRT questions are directly transferred and intetgardoy comparison. The differences between malemdle
students are not the same in every participantaamedvery level. It is seen that female studentsbatéer in
mathematical reasoning in certain questions congp&wemale students. On the other hand, studente hav
problems in questions 24, 27 and 16 respectivelijthese questions have the minimum answering $ateple
student answers to these questions are given t® differences. For example, student sample ansivet6th
grade level consist of question 24 which is congidas the hardest question. Answers of 10th gsadkents to
this question is illustrated, which reveals thatytihave better mathematical reasoning. Similahg,answers of
8th grade students are selected from question E8enthey have least problems.

Answer of S29 to Q16 in MRT (Male Student) Answer of S85 to Q16 in MRAe(ale Student)
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Figure 1. Answers of two 8th graders to Q16 in MRT
Students are expected to do the following reasomin@16: The length of a rope that surrounds the

Earth is equal t@7r as it has circular shape (When the radius of Earttonsidered aw). If the radius is 4
meters longer, the new radius of Earthr is- 4. In the current situation, the required lengthagde to surround
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the Earth from equator corresponds to perimetea afircle with2mwr. From here, the new perimeter is

2m(r +4) = 2nr + 87 and the rope should be extendgd. In Figure 1(a) when the answer of male
student with S29 code is investigated, it is séwn the student has made the expected reasonihg.stlident
used correct mathematical statements corresponalingrbal problem and correctly executed multiglma and
addition and distribution of multiplication on atidn with natural numbers. S29 could calculate peter of
circle using2m formula and found the new perimeter length whea lémgth of rope is extended. The
student’s MRT point is calculated as 19. This cgpmnds tdhigh” level (18.00-27.00).

In Figure 1(b) when the answer of female studeth %85 code is investigated to the same question,
is seen that the student has made the expectezhmegsvith special numbers. The student considdredength
in first condition ag* = 3 and calculated accordingly. In the first situafitire perimeter of Earth from equator
is calculated a@m3 = 61 and when it is 4 meters longer in the second sitnahe calculation is made as
2m7 = 14m . After these calculations, the length differensefi4m — &6m = 8 and the rope should be

extendecBTT. It does not mean that the student does not hatbematical reasoning as she thinks the radius as
a special number. Yet as S29 used mathematicaéssipns to reach the correct answer shows thaadbdtter
reasoning than S85. S85’'s MRT point is calculaed® This corresponds tmiddle” level (9.00-18.00).

Answer of S127 to Q27 in MRT (Male Student) Answer of S198 to Q27 in MRT (Fden
Student)
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Figure 2. Answers of two 9th graders to Q27 in MRT

The students are expected to do the following meéiagan Q27: This question requires to determire th
rule of a pattern; triangle number in every lin@ ismes 1 minus of the line number. Students shoedlize the
pattern and reach 2x20-1=39 triangles at line A0Figure 2 (a) when the answer of male student GiR7
code is investigated, it is seen that the studastrhade the expected reasoning. Student thoughhéheumber
as “n” in the pattern and found the answer as “2rAtter the student found the rule of the pattbmcalculated
2x20-1 in the line 20 and found that there musB8driangles. The student’s MRT point is calculated23.
This corresponds tthigh” level (18.00-27.00).

In Figure 2(b) when the answer of female studeti 8198 code is investigated in the same question,
this student reached the correct answer usingfarelift pattern. At first couple of lines studenttohed the
triangles in each line as 1-1; 2-3; 3-5; 4-7. Sk that there is 2 triangles difference betweerseoutive lines.
She continued this pattern and found that line 29 39 triangles. The student found a rule betwdangle
numbers in consecutive lines rather than findingla between line number and triangle number. Algiothis
rule is not wrong, if the line number in the pattés high, for example 100 lines, it will get harde reach the
correct answer. In the same question, S127 disedvarshort and practical pattern rule such asritimber of
triangles in a line is 2 times 1 minus than thee limumber.” S198’s MRT point is calculated as 17isTh
corresponds ttmiddle” level (9.00-18.00).
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Answer of S12 to Q24 in MRT (Male Student) Answer of S201 to Q24 in MRTe(Rale
Student)
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Figure 3. Answers of two 10th graders to Q24 in MRT
The students are expected to do the following méagan Q24: Which colour area has smaller area, th

probability to hit that area is lower. The radidsBtue region which is circular is 73°= w3°=97. Area of

circular Yellow areas is calculated by subtractiBige circular area with 4-unit radius a83°=97. Area of
Yellow region is subtracted from Blue region with -udit radius and calculated as

w4® —om = 16m — 9 = 7. Area of circular Green areas is calculated by sutitig circular area with 5

unit radius from circular area with 4 unit radius at5~ — 4> = 25 — 16 = 97. Area of circular
Pink areas is calculated by subtracting circul@aawith 6 unit radius from circular area with 5turadius as

T6° — 5% = 36m — 257 = 11m. After all the areas are calculated, Yellow ares hiae smallest
coverage therefore the probability of hitting tlaiea is the lowest. In Figure 3(a) when the ansfenale
student with S12 code is investigated, it is séwa the student has made the expected reasonican be said
that the student has the knowledge that the arghghve smallest coverage has the lowest probghditbe hit.

Student discovered that blue area is circular adutated the area using the formula (;?E:rz). He also
discovered that Yellow, Green and Pink areas acaileir and therefore area of each circle is thieihce of
two circles between them. He correctly calculatétha areas and determined that Yellow areasdassthallest.

The reason of why this student tak@s= 3,14 may be that he desired the results to be irgeléa this way, it
can be said that the student will compare the ageasy. The student’'s MRT point is calculated &s Phis
corresponds tthigh” level (18.00-27.00).

In Figure 3(b) when the answer of female studett 8201 code is investigated to the same question,
is seen that the student has made the expectednmegswith small mistakes. The student discoverteat t
Yellow, Green and Pink areas are circular and thezearea of each circle is the difference of tviwles
between them. The student calculated the areaiscofar shapes except Pink area. The student igedarrect

calculation to find the area of Pink region but whibing the3 6 — 257 subtraction operation, she found

36w — 257 subtraction operationi®instead ofl 17 . This mistake does not mean that the student does
have poor mathematical reasoning. This implicattooonfirmed with MRT point of the student. Thedguat’'s
MRT point is calculated as 24. This correspond#igh” level (18.00-27.00).

Discussion and Conclusion

The results of the present study have two differemmtributions to mathematics education literatute:
Mathematical reasoning develops as age increa®eddthematical reasoning of male students is Bagmitly
better when compared to female students.

As the age increases, the brain thinks on highegllend thus, the development of the individual's
reasoning is expected. In fact, knowledge is aegluiy placing the experience in schemes in the niiffdctive
use of information makes it possible to make adeuaad excessive correlations between these schémdise
individual experiences increase, more schematdoaneed in the brain, and current schemes are nhtanel
changed and are being rearranged. For examplechigames that a five-year-old child possesses agrgveatly
from those of a ten-year-old child. With the cutregsearch, this situation has been revealed usirentific
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methods. In other words, mathematical reasoningghwiequires the use of higher-order thinking peses, has
been found to develop with age. This result is sujgal by Altiparmak and Ogi(2005) and Delay et al. (2015)
with evidences supplied by mathematical reasoniitly tive increase in age.

One of the most important goals of mathematicshieacis to develop reasoning, which is not only a
mathematical but also a basic skill, which helpsitain logical answers in response to questiorpgkmak
and Ozis, 2005). Mathematical reasoning has atstei¢hat can be continuously improved through dogn
social, and even affective learning. Mathematieasoning is an individual culture that is formed rhgny
factors such as the knowledge of the person, ti pbview of the world, the experience (Erdem12D It is
stated that reasoning is the individual and is @perty that can be improved (Umay, 2003). Therefires
assumed that individuals may have different lexdlsnathematical reasoning according to their lifesstand
learning levels. These explanations and conclusismgport the conclusion "mathematical reasoning is
developing with age" in the current research.

Because of the comparative analysis of the stgtsalutions, it has been seen that as the agesises,
the students generally perform shorter, correcitgnis and generalizations. As a matter of fadg fiointed out
that generalization is one of the basic indicatdrsyathematical reasoning (Ball and Bass, 2003beley Vale,
Bragg, Loong and Widjaja, 2015; Kaput, 1999; MasBtephens and Watson, 2009; Stylianides, 2010). For
example, in Q20 in MRT, &.05-page book is required to be numbered starihgage 1. How many numbers
will be used at the end of this process?answered by a 8th grade student (S14) by writln 2, 3,...,105"
separate and calculation how many numbers areewiitt each page. In the same question a 10th gtadent
(S72) used the shorter and more practical way aidthbers between 1-9; 90x2=180 numbers betweer®10-9
and 6x3=18 numbers between 100-105.” In Q27 in M&®Bth grade student with S127 code thought thee lin
number of pattern rule as “n” and found the anshserusing “2n-1". After the student found the ruletbe
pattern he calculated 2x20-1 in the line 20 anchdbthat there must be 39 triangles. In the samstiurea 8th
grade with S338 code wrote 1-1; 2-3; 3-5; 4-7; B9;1; 7-13; 8-15 as seen in the question (urgtheline) and
counted the triangles in each line instead of datmg. This solution shows that the student camgeoteralize to
this question. On the other hand, while older sttsldo not provide solutions to questions they oangason, it
is seen that younger students tend to offer aisolaithough they are wrong. It can be said thaingger learners
have less mathematical experience and thereforadrafraid of doing mathematics and / or makingtakes.

In fact, researches (B@lw and Kocgak, 2006; Randolph, 1997, Mutodi and Bigite, 2014) have shown that
mathematics anxiety increases with age.

The other main result of the study is that mathemrabreasoning of male students is significantytér
than that of female students. These results angostgd by Armstrong (1985), Brandell and Stabe@D8), Fan
et al. (1997), Liu and Wilson (2009). On the othand, it is possible to encounter studies thatalemt gender
does not make any significant difference in matherabperformance (Fennema and Sherman, 1978, leein
al., 2010, Scheiber et al., 2015). It can be dadd $everal factors are effective in improving thathematical
reasoning of male students: (Djfferences in preferred strategies in mathematiezdsoning.For example,
while female students use strategies they learm ftbeir teachers, male students think more abstogct
developing different strategies (Fennema et al8).9% the calculations that required addition andtraction
female students calculate using their fingers wimeate students are doing mental calculation (Cadr Ravis,
2001). According to Sumpter (2016a), male studdritgk with more probabilities therefore, they toyuse more
strategies (Sumpter, 2016a). @hysiological differencesfor example, while female students learn standard
algorithms to be successful in mathematics, maiéestts can thing creatively with the endowment ljeext al.,
2015). A research found that the success in middiol mathematics depends on hard work for female
students and depends on intelligence for male staddussim and Eccles, 1992). Another researc¢éssthat
the mathematical success of male students depensisatial (three dimensional) abilities and sucaégemale
students depends on oral abilities (Klein et @13). The results of Brandell and Staberg (2008pgarch have
revealed that female students find mathematics rhorang and difficult. (3)Different meanings attached to
gender in societyResearches conducted on students with differexdeglevels point out that mathematics is a
male domain (Bander and Betz, 1981; Brandell et 2007; Brandell and Staberg, 2008; Mendick, 2005;
Sumpter, 2012). Because male students like matlesretd regard mathematics as an important pathfor
future and the thought that female students shbeldiork harder on mathematics resulted the matiests to
be seen more prone to mathematics (Brandell artie&ta2008). Sometimes teachers seem to havedhés.b
For example, teachers see male students as hawtigr tmathematical reasoning than female students
(Tiedmann, 2000; 2002). (4ther factors.It has been argued that there are other factars as class and
ethnicity that causes a difference in mathemasioatess (Brandell and Staberg, 2008; Walkerdir@g;1'8ates,
1997).

It is very important to take encouraging steps msuee that women are interested in mathematics
instead of the existing discouraging thoughts afthmmatics of women' in society, both in school endaily
life and in family settings. Piatek-Jimenez (201bjemale academician in mathematics educationmaaie the
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following suggestions to identify the factors thafluence female university students in mathematts
mathematics and to determine the role of gendehaping career plans:

It is important for parents, teachers, professams, advisor to continue to encourage and support

women in their interest in mathematics. Ideallys #ncouragement would begin at a young age,

but ought to be continued throughout their educatiocareers. Therefore, in addition to

individual encouragement, the development and exigt of programs designed to encourage

and support women to pursue mathematics likely edtitinue to change the climate of the field

(p.45).

Another issue that needs to be discussed in thesareh is that students try to reach the true osiun
by using random choices of answer options when taeynot reason. This conclusion confirms the rebes
suggesting that evaluating and developing mathealateasoning requires the use of open-ended prsble
without answer options (Erdem, 2015; Erdem and Giirl2015; Frederiksen, 1984; Henningsen and Stein,
1997; Lannin, 2004). It is stated that open-endeestions provide more advantages in terms of thadth of
conceptual domain, operational and methodologibaraxcteristics, than multiple-choice questions (hiegsen
and Stein, 1997). It can be said that thanks tatmplex, open-ended problems that the answer ebaio not
involve, the students will try to offer a solutiorstead of focusing on the options and will be iorenjudgment.
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Appendix-1. Some Questions in Mathematical Reasoning Test (MRT)

Q2

Q4

Q5

As seen above, a sheep is tied to one

of a square-shaped garden (10 mx10
with a rope of 20 meters. When the ro
is stretched, how many square meter
the area at most in which the sheep

graze?

a) 256t b) 356c ¢) 4560 d) 500

A store that sells its produc
with 100% interest makes
20% discount to the student
Therefore, what is thg
percentage rate of intere
which this store gets from th
students?

a)20 b)40 c¢)50 d) 60

There are 4 dice the surfaces |of
which are signed as (11 5555), (66
2222), (22 4444) and (33 5555). The
front surface numbers of which |2
dice are most likely to be 7 in total
when they are thrown together?
a) (11 5555) and (22 4444)
b) (66 2222) and (33 5555)
) (11 5555) and (66 2222)
d) (22 4444) and (33 5555)

Q8

Q13

Q14

As a rule of a game which is played wi
a coin, when the coin shows tail ty
balls are lost, when the coin shows {
head 1 ball is gained. Which one can
be the number of balls of a child wh
starts to play with 40 balls at the end
the game?

a)36 b)39 c)42 d)45

Of all the money in my
pocket, some of them are
TL except for two, some o
them are 10 TL except fq
two, and some of them are
TL except for two. How
much money is there in m
pocket?

a) 35b) 70 ¢) 105 d) 140

50 marble balls will be put into

boxes without any of the boxes Ig
empty. How many marble balls can
be in a box maximum?
a) 10 b) 45c) 46 d) 50

:‘U]

Q16

Q18

Q20

Imagine that the world’'s equator
surrounded tightly by a rope. If th
radius of the world were 4 cm longe
then how many meters was the ro
supposed to be extended so that
surrounded the world the same way?
a)d b)4 c)8 d)&

In a group of 25 people, eve
day of the week is th
birthday of at least 1 perso
How many peopleat most
may have the same birthday
A)7 B)8 C)19 D) 25

A book of 105 pages is wanted to
enumerated starting with number
When the process is finished, hg
many numbers will have been use
a) 105 b) 106 c)207 d) 211

Q23

Q24

Ahmet paid 235 TL in total for the book
each of which costed 5 TL and 10 T
Given that, how many books did Ahm
buy atleast?

a) 23 b) 24 c) 45 d) 46

Dart

In the dart radius of which ar
given above “M” represent
blue, “S” represents yellow
“Y” represents green, and “P
represents pink. Given th
each shot falls to any of th
colored areas, which colore
area is less likely to b
exposed to a random shot?

a) Blue b) Yellow c) Green

d) Pink

istline
Znd line
3rd line
4th line

- . As
seen in the figure above, there is
relationship between line number
and the number of triangle. Far
example, in the first line, there is
one triangle and in the fourth ling,
there are 7 triangles. Given that,
how many triangles are there in the
20" line?
a)21 b)23

)37 d)39
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