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The aim of this study is to determine the seventh-graders’ levels of mathematical
reasoning and to reveal their performance. The present study was carried out with 167
seventh-grade students studying at randomly selected three middle schools that
served low and middle socioeconomic areas in a city of Turkey. “Mathematical
Reasoning Test (MRT)” was developed and used as data collection tool. In analyzing
the data, participants’ scores of the test was computed and which mathematical
reasoning level they were in was determined. Sample responses of the some students
regarding any question (Q7) in the test were presented directly and discussed. As a
result of the analysis, it was found that about half of the students (45.5%) had medium
and 27.5% of them had low level of mathematical reasoning. When the results are
evaluated, it is probable to say that most of the students’ mathematical reasoning is at
medium or low level in general. On the other hand, it is remarkable that rather than
the familiar classical problems, students need to be enabled to deal with the problems
that they can do reasoning and thus their mathematical reasoning could be improved.
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Bu galismanin amaci, yedinci sinif 6grencilerinin matematiksel muhakeme duzeylerini
belirlemek ve bu yondeki performanslarini ortaya koymaktir. Calisma, Turkiye'nin bir
ilindeki diisiik ve orta sosyo-ekonomik diizeye sahip li¢ ortaokulunda 6grenim goéren
167 yedinci sinif 6grencisinin katihmiyla gergeklestirilmistir. Matematiksel Muhakeme
Testi (MMT) gelistirilmis ve veri toplama araci olarak kullaniimistir. Verilerin analizi igin
katihmcilarin test puanlari hesaplanmis ve hangi diizeyde olduklari belirlenmistir. Bazi
ogrencilerin testteki 6rnek bir soruya (Q7) iliskin bazi cevaplari dogrudan aktarilmis ve
tartisilmistir.  Yapilan analiz sonucunda, katiimcilarin yaklasik yarisinin (%45.5)
matematiksel muhakemesinin orta, %27.5'inin ise disik diizeyde oldugu tespit
edilmistir. Bu sonuglar goéz éniine alindiginda, genel olarak 6grencilerin matematiksel
muhakemelerinin orta ve dusiik dizeyde oldugu soylenebilir. Matematiksel
muhakemenin gelistirilebilmesi igin 6grencilerin ahsilmis klasik problemlerden ziyade
muhakame yapmalarini gerektiren problemlerle ugrasmalarina imkan taninmalidir.
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Introduction

Mathematical reasoning can be defined as higher level thinking process which is carried out through
detailing a problem or phenomenon around the questions of “Why” and “How” and making it
meaningful. Because maths knowledge is reached through reasoning rather than experiments or
observations; without reasoning, mathematics cannot be fulfilled. Similarly, Curtis (2004) and Sparkes
(1999) mentioned that reasoning is indispensable for doing mathematics. Toulmin, Rieke, and Janik
(1984) stated that reasoning does not create new ideas and that the mission of reasoning is to make the
best decision on a specific situation, subject or an event. Mathematical reasoning is structured via
questioning maths knowledge. No matter at how advanced stage it is, unless an idea is based on
knowledge and comprises logical approaches; it cannot be seen as reasoning (Umay, 2003). Thus,
considering mathematics as an interpenetrating knowledge link is both the result of reasoning emphasis
and forms a basis for an advance reasoning. (Umay & Kaf, 2005).

Lithner (2008) states that reasoning can possibly be evaluated as a process of thinking, the product
of this process or both and he mentions the reasoning process in math language as in Figure 1.
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Figure 1. Reasoning process

In Figure 1, a vertex v, represents both a momentary state of knowledge and of the (sub)task. The
reasoner makes a strategy choice among the edges leading from v,. The strategy implementation is
represented by a transition edge e, .. Here knowledge not already accessed in v, is recalled or
constructed and added up to form the new knowledge state in v,, where the task is partially resolved
and therefore a new task state is formulated. A reason is the motivation supporting transitions between
vertices (Lithner, 2008, p. 257).

According to Russell (1999), reasoning is a tool which provides students with comprehending the
abstract statements that renders math a discipline. However, mathematical reasoning may also be
defined as the process of reaching a decision by using critical, creative and logical thinking. Thus, it is
crucially important that students fulfill mathematical reasoning in learning environments for effective
learning. In national (MEB, 2009; 2013) and international studies which are carried out related to
mathematical education (NCTM, 1989; 2000) and in a number of other relevant researches (Diezmann &
English, 2001; English, 1998; Fischbein & Schnarch, 1997; Giirbliz & Erdem, 2014; Kramarski, Mevarech,
& Lieberman, 2001; Lithner, 2000; Schoenfeld, 1985; Umay, 2003; White, Alexander, & Daugherty, 1998)
it is mentioned that mathematical reasoning has a significant role on math learning. For instance, in
their studies Diezmann & English (2001), Kramarski et al. (2001) and White et al. (1998) stated that there
is a direct relationship between math learning and reasoning, and those who manage to do better
reasoning produce more efficient solutions to the problems and fulfill much better associations.

The problems, most of which are stereotyped, well-structured and does not necessarily require
reasoning and pushes to giving right answers that are presented to students in learning environments
cause that students learn superficially. Frederiksen (1984) collected the problems within three
categories: (1) Well-structured problems call for using a familiar method for problem solving and it can

124



Emrullah ERDEM, Ramazan GURBUZ — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 44(1), 2015, 123-142

be easily solved through formula; (2) In addition to being identical to well-structured problems,
structured problems, either the whole solution method or some aspects of it are produced by the
problem solver. However, (3) ill-structured problems cannot be instantly formulated and a specific
solution method is not available. Funke & Frensch (1995) stated that well-structured problems are
similar to the problems within course books and includes only a few variables, while ill-structured
problems manage to include a number of factors or variables that call for association through
unpredictable ways. Francisco & Maher (2005) mentioned that the complicated applications which are
presented to students will enable students to do more efficient reasoning in proportion to simple ones.
Henningsen & Stein (1997) asserted that elimination of complexity of this application caused students
tend to think at lower level. Hence, students need to be enabled to deal with the problems that requires
higher level of reasoning.

One of the paramount aims of education is to enable individuals to produce efficient solutions to the
problems that they encounter in their daily life. The path to achieve this goal in the best way goes
through doing mathematics. Doing mathematics forces individuals to do reasoning while producing
solution to the problem and thus helps them take all options into consideration and improves their
decision making skills. Since people who do reasoning well manage to make up more correct and
efficient decisions, they are more likely to be successful in their daily life. For this reason, in learning
environments, it is essentially important to have students encounter with the problems which force
them to do reasoning and to analyze their reasoning levels. In this sense, the aim of the current study is
to determine seventh-graders’ levels of mathematical reasoning and to reveal their performance.

Method
Research Design

In this study, descriptive research method was used in order to find out the present level of
mathematical reasoning of the seventh-graders. Many educational research methods are descriptive;
that is, they set out to describe and to interpret what is (Cohen, Manion, & Morrison, 2000).

Participants

The participants were 167 seventh-grade students studying at randomly selected three elementary
schools that served low and middle socioeconomic areas in a city of Turkey. These students were given
code names such as “S1”, “S2”, “S3”, ...

Data Collection

As data collection tool, by making use of literature, Mathematical Reasoning Test (MRT) (some
sample questions were presented in the appendix) which was developed by the researchers and
composed of 35 questions in different formats was used. The validity of the instrument was confirmed
by two mathematics teachers and two mathematics educators. The pilot test was performed with 32
seventh-grade students who did not participate in the actual study. The pilot study revealed that
questions in the test were understandable and clear for seventh-grade students. Nevertheless, 45
minutes given to the students in the pilot practice turned out to be insufficient and for this test, 60
minutes were allocated for the test. Also, the Cronbach's alpha reliability coefficient of the MRT was
found to be .885.
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Data Analysis

Students’ answers were analyzed by using Statistical Package for Social Sciences (SPSS). Levels at
Table 1 and score intervals are created according to the scoring scales on Table 2 and Table 3 because it
is thought that this scoring will be more efficient and intelligable. The total score of each student is
divided into the number of questions (35) and each student’s level is determined. For example, the total
score of a student who got 130 points out of Table 2 and Table 3, [mean:130/35=3.71; this score is
between 3.00-3.99] (See Table 1) his mathematical reasoning is evaluated to be high. Moreover,
responses related to one question (Q7) of one each of students at every level are given in detail.

Table 1.

Mathematical Reasoning Levels.

Level Score Interval
Quite Low 0.00-0.99
Low 1.00-1.99
Medium 2.00-2.99
High 3.00-3.99
Quite High 4.00-5.00

Responses given to open ended questions were analyzed through scoring scale in Table 2 and
responses given to two-phase questions (1st Section-Multiple Choice,2nd Section-Open ended) were
analyzed through scoring scale in Table 3. In developing these scales, Glirblz (2010) and Giirbiiz & Birgin
(2012) were taken advantage. According to Tablo 2 and Tablo 3, student responses were freely scored
by a couple of experienced math trainers. Free evaluators who have come together for parellelism of
scoring, agreed upon the consistency of scoring at the level of 85-90%.
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Table 2.

The Scoring Scale Of Open Ended Questions.

Level Score Explanation Sample Response
Qs: In the table, the addition of the numbers in the
Statements that are .

Combletel accented to be second row is 90. When we look at the order of the
Corr;’ct L Completel iy numbers, (10+20), (12+18), (14+16) each total is 30
P v and the whole total is 90.

Missing statements Qu6: The area of a quarter c':ircle =(T'[X20.2)/4=180.T[
Part] according to complete and the area of a circle piece which is 270" is
Corrgct-A 4 true res gonse P =3/4x(rix20%)=300m.The whole area is
P 100m+200m=300r.
Partly true statements Qzq: In the sol.utlon the problem a mlstalfe was
. done. Because if the number of the master in duty
that are fulfilled ) . o
Partly 3 depending on the is alot, the duration to complete the building
Correct-B cofrect reison decreases. Thus, the job that 5 masters finish in 10
days is completed by 10 masters in 5 days.
Qa;: The solution of the problem is correct. Because
the speed of the vehicles that move from adverse
. directions is subtracted. In the same duration, the
Statements that is .
. . fast vehicle takes the lead more. (The statement
fulfilled by depending on ., . .
Partly which is fulfilled by depending on the wrong reason
Correct-C awrong cause or not and accepted to be partly correct)
2 depending on any kind '
f d ted . . .
So Leeaszrtﬁnc;:::tp € Qa;: In the second situation, the construction of the
partly ' house finishes sooner. The statement which is
fulfilled by not depending on any king of reason and
accepted to be partly correct).
Qgu6: Since the rope that the sheep is tied to short, it
Statements of cannot graze, it stays still. (A completely wrong
completely wrong or not statement).
: Th h h
Wrong 1 completely related to Qs e master may not have constructed the

the question.

building strong enough while he was trying to finish
it early. (A statement that is not completely related
to the question).

Unanswered 0

Statements of no
explanation is given or
the question itself was
given as responses

No explanation

Q,: a. Question in MRT
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Table 3.

Two-phased (1st section-multiple choice, 2nd section-open ended) questions scoring scale

Assessment
Criteria (1st-
2nd Phase)

Sample Response

Levels Explanation
Answers
that

Correct encompass

Justification  all aspects
of the valid

justification

Correct Answer
— Correct
Justification

Q;: The correct answer is B.
Between the 1st and the 9th
pages, 9 numbers are used. In
order to find how many numbers
are used from the 10th page to the
25th page, first we need to find
how many numbers there are in
this interval, there are (25-10+1)=
16 numbers and there are two
numbers in each number. Thus,
between the 10th and the 25th
pages,16x2=32 numbers are used.
Totally, 9+32=41 numbers have
been used.

Q1o: The correct answer is C.
V/36(6%)< 39 </49(72). So the
edge length of a square garden
becomes between 6m and 7 m.

Incorrect
Answer —
Correct
Justification

Qu6: The correct answer is A. Area
of the 1st zone=(rt20*)x3/4=300r,
the area of the 2nd zone and 3rd
are equal (t10%)x1/4= 25m.
Q ,: The correct answer is D.
(3/4)/(1/12)= (3/4)x(12)=9.

Answers
. that do not
Partially
encompass
Correct
Justification all aspects
of the valid

justification

Correct Answer -
Partially Correct
Justification

Q;: The correct answer is D.
1100-1095-1090-1085-1080-1075-
1070-1065-1060-1055-...
700-715-730-745-760-775-790-
805-820-835-850-865-890-...

3 Qj,: The correct answer is D.

Hour; from store A it is bought for
75 TRY,

From store B for 80 TRY,

From store C for 70 TRY,

From store D for 70 TRY.

Incorrect Answer
Partially Correct
Justification

Q,: The correct answer is D.
17+12=29.

2 Qi: The correct answer is A.

235/10=23, because the least
number of book is asked.

Answers
Wrong that contain
Justification incorrect

knowledge

Correct Answer
—Wrong
Justification

Qi,: The correct answer is A. 314-
100=214; 314/2=157; 214-157=57.
The correct answer is B. 25+10=35;
35+6=41

Incorrect

o0 Qs: The correct answer is A . The
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Answer — result of the multiplication of 8
Wrong and 3 becomes the the highest.
Justification Qq: The correct answer is A .

(5/6)x(2/5)=1/3; 30x(1/3)=10.
Qq: The correct answer is B. No
justification.

Correct Answer

—No 1 .
Forrect, e . Qq,: The correct answer is A. No
incorrect or  Justification e
blank justification
No Qs: The correct answer is D. No
e e answers Incorrect e s
Justification . justification.
with no Answer — No 0 .
e . . Qq6: The correct answer is A. No
justifications Justification e
. justification.
written
No Answer — No Answer
No Justification No justification.
Q,: a. Question in MRT
Results

The descriptive statistics about student scores are presented in Table 4 in percentage and frequency.
Table 4.

Descriptive Statistics Results

Level Frequency (f) Percent (%)
Quite Low 12 7.2

Low 46 27.5
Medium 76 45.5

High 28 16.8

Quite High 5 3.0

Total 167 100.0

As obviously seen on Table 4, mathematical reasoning level of the 7.2% of the students is quite low,
of 27.5% is low, of 45.5 % is medium and of 16.8 % is high and of 3% is quite high. When we look at
these results, it is possible to say that about half of the students (45.5%) have medium level of
mathematical reasoning. The total percentage of the students at low and quite low level is 34.7% and
the total percentage of the students at high and quite high level is calculated to be 19.8%. When these
percentages are compared, it may be said that the students whose mathematical reasoning are low are
more than the ones whose mathematical reasoning are high. Here it is possibly inferred that in general
terms, the mathematical reasoning level of the students is medium and low.

This section covers answers and comments on the same question (Q7) related to each level of
mathematical reasoning.
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S4-MRT-Q7

Note: S4-MRT-Q7= Response by S4 to Q7 in MRT

7. 25 sayfalik bir kitabin sayfalan 1'den baglamak lzere numaralandirilmak
isteniyor. Bu islem bittiginde toplam kag rakam kullamlmis olur? Yazimz.
a) 40 b) 41 c) 42 d) 43

B hihgp..-cof tnce. b rdapti..

This is a very thin book

Figure 2. Response by S4 to Q7 in MRT

In Figure 2, when the response by the S4 is analyzed, it is seen that this student did not use any kind
of mathematical statement and did not do any mathematical operation, either. The reason why the
student could not mark any choice could be that he could not understand the question. The student
only gave an explanation of “This is a very thin book”. It may be concluded from this explanation that the
student commented by considering the physical dimension of the book. That the student could not
understand the question, focusing on only the physical aspect of the book and the answer he gave did
not include maths may possibly be interpreted in the way that the mathematical reasoning of the
student is quite low. However, the average score that S4 got out of MRT is calculated to be 0.25. This
average equals to “quite low” level of the interval (0.00-0.99).

S48-MRT-Q7

Note: S48-MRT-Q7= Response by S48 to Q7 in MRT

7. 25 sayfahk bir kitabin sayfalan 1°den baglamak {lzere numaralandiniimak

isteniyor, Bu iglem bittiginde toplam kag rakam kullamilmis olur? Yazimz.

a) 40 b) 41 c) 42 e
lﬁt&«e.&,(mb‘ P S o r.,:ﬁ”‘? é‘:"ffﬁr Za
§Cb - Ny T ﬁ""‘tﬁ . ;&dﬂ'*r
..... {1:5 ﬁi-ﬁlunt_ - Lg-ff T = sy S

%.::cm.g £ .}d rrTht

I compute 50 when I begin from 1, but because
there was 43 in choices as the biggest, I marked this

Figure 3. Response by S48 to Q7 in MRT

As it is seen in the response by S48 in Figure 3, this student initially thought that on each leaf of the
book there are two pages are used so he reached the conclusion of 2x25=50 through a rough
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calculation. However, as he could not see the result he got in the answer choices he responded 43 by
explaining that “/ compute 50 when | begin from 1, but because there was 43 in choices as the biggest, |
marked this”. That the student could not understand the question well enough and chose the closest
response to the result instead of supporting the one he found himself may be interpreted in the way
that mathematical reasoning of the student is at low level. However, the average score that S48 got
from MRT is calculated to be 1.74. This average equals to“/low” interval (1.00-1.99).

S93-MRT-Q7

Note: S93-MRT-Q7= Response by S93 to Q7 in MRT

7. 25 sayfalik bir kitz_ibm sayfalar1 1°den baslamak iizere numaralandirilmak

isteniyor. Bu iglem bittiginde toplam kag¢ rakam kullamlms olur? Yﬂaz;mz.

o b) 41 c) 42 d) 43

Figure 4. Response by S93 to Q7 in MRT

As it is seen in the response by S93 in Figure 4, this student initially thought that on each page two
numbers are used so he did a calculation such 25+25=50 and then considering that on the first 10 pages
one number is used; he reached the result of 50-10=40. That the student thought that one number is
used on the 10th page as well (he knows that on the first 9 pages one number is used); and not being
able to write a justification to the result he got may be interpreted in the way that mathematical
reasoning of the student is at medium level. However, the average score that S93 got from MRT is
calculated to be 2.46. This average equals to “medium” interval (2.00-2.99) .

S$123-MRT-Q7

Note: S123-MRT-Q7= Response by S123 to Q7 in MRT

T. 25 sayfahk bir kitabin sayfalan 1°den baslamak iizere numaralandinlmak

isteniyor. Bu iglemp bitiginde toplam kag rakam kullambmig olur? Yamme,
a) 40

’.-l-'.'_—'_—..__'\
,. )42 dy 43
G L AL -f T +"lf;-+'1..—t-x+ AR A AL L

g'_\_"'d\ :Cl I HLC.CIE'.-..:?Q-.&‘IMMM ...... L
.E’ljﬁ.h’?ﬂ&\ﬁ_....ﬂ....i’h ....... [‘- ?'\I'-.!lm-. ..... k.rr'lh.i_h.lm-._;.f:w"...
...“iih'.'.w.....g.d:_r_......L;LqH...;,,,'I.m....J...L.-......S..‘.L:..,,.::,M,r.,.....

While onlv one number was used on each aof first 9 pages,
two numbers were used on the follow-up pages
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Figure 5. Response by S123 to Q7 in MRT

As it is seen in the response by S123 in Figure 5, this student reached the correct answer through
realizing that on the first 9 pages one by one number; on the other pages two by two numbers were
used. That student managed to express their opinions and justify like that “While only one number was
used on the each of first 9 pages, two numbers were used on the follow-up pages” but fell short of doing
the generalization which is necessary for the basic logic of mathematics may be interpreted in the way
that mathematical reasoning of the student is at high level rather than quite high. However, the average
score that $123 got from MRT is calculated to be 3.91. This average equals to“high” interval (3.00-3.99).

S149-MRT-Q7

Note: S149-MRT-Q7= Response by S149 to Q7 in MRT

7. 25 sayfalik bir kitabin sayfﬁu@mak tizere numaralandirilmak
i tyor-Brristermbittiginde toplam Kag rakam kubllamilmis olur?

™ e 43 .
a) 40 - X 42 o xsd)«g WAL AL AE 6 137 W AD Y

................... 2h-- T 22 2\« ¢

Figure 6. Response by S149 to Q7 in MRT

As it is seen in the response by S149 in Figure 6, this student reached the correct answer through
realizing that on the each of first 9 pages one number; on the other pages two numbers were used. That
student managed to express their opinions and justifications and do generalization may be interpreted
in the way that mathematical reasoning of the student is at quite high level. However, the average score
that 5149 got from MRT is calculated to be 4.74. This average equals to “quite high” interval (4.00-5.00) .

Discussion, Conclusion & Implementation

As a result of analysis, it was determined that the mathematical reasoning of 7.2 % of the students is
quite low; of 27.5 %, it is low; of 45.5% it is medium; of 16.8% it is high and of 3% it is quite high. When
these results are evaluated, it is probable to say that that most of the students’” mathematical reasoning
level is at medium or low in general.

When the solutions of the students at quite low level are analyzed, three phenomenons are seen:
The first one is no intervention for response, the second is marking any option focusing only the options
and giving no explanation about this option; and the third one is marking a wrong answer randomly and
writing statements that are not related to maths or do not match the maths’ logic. For example, it was
seen that related to the Q7, students at this level used statements like “this is a very thin book”, “it
depends on the person who counts the numbers”, which have nothing to do with the solution. Here, it is
possible to say that the mathematical reasoning level of these students is poor. In literature, similar
student responses which are non-mathematical are seen (Amir & Williams, 1999; Batanero & Serrano,
1999; Cimen, 2008; Fischbein, Nello, & Marino, 1991; Girbiiz & Erdem, 2014; Lecoutre, 1992; Mandaci-
Sahin, 2007; Nilsson, 2007; 2009; Pilten, 2008; Pratt, 1998).
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When the solutions of the students at low level are analyzed; three phenomenons are seen as well.
In the first one, students focused solely upon multiple choices and marked one. In the second one, they
reached the wrong answer through wrong justifications. For example, related to the Q11, one student
went to the wrong answer through a justification of “225:15=15. Because 10+5=15". In the third
situation, they reached the right answer through presenting wrong justifications. For example, related
to the Q5 in MRT, one student went to the the right answer through the wrong justification of “our
teacher said that we could calculate the circumference of earth via the formula of 2rir. No matter how
longer the radius is, we need to extend the rope up to 2rt”. Here it is likely to say that students at this
level are short of adequate mathematical reasoning which stems from comprehending what they read
and express it in math language. In this context, literature also stated about the effect of mathematical
language upon learning (Calikoglu-Bali, 2003; Gibbs & Orton, 1994; NCTM, 1989; Orton & Frobisher,
1996; Lansdell, 1999; Moore, 1994; Raiker, 2002; Schroeder, 1993).

When the solutions of the students at medium level are analyzed; it is probable to say that they
produced wrong solutions that stems from insufficient mathematical reasoning. For example, from the
statements of a couple of students about the Q33 as “there is a relationship between the number of
created pieces and cutting sequence number in the multiples, but...” and “two pieces out of one cut,4
pieces out of 2 cutting,8 pieces out of 3 cutting in going on like that. However, we cannot know how
many pieces will finally come up”, it is possible to mention that they did reasoning insufficiently. As it is
seen from students’ answers, students at this level could understand what they read but they could not
reach the correct answer that stems from insufficient reasoning. Similarly, in their studies Diezmann &
English (2001), Kramarski et al. (2001), White et al. (1998) and Glirbliz & Erdem (2014) supported this
inference through parallel statements.

Students at high level fulfilled correct mathematical reasoning and could submit correct solutions.
Nevertheless, they could not give the correct answers to some of the questions which stem from
incorrect mathematical generalizations. For example, one student at this level tried to create a solution
as “if 1/2+x=1; x=1/2 and -1/2+x=-1/2+1/2=0; hmmm” in his first trial related to the Q19. However,
when he could not reach the correct answer, in his second trial “ if 1/2.x=1; x=2 and -1/2.2=-1, -1.2=-2
gosh, gosh... haa. 1/2.2=1 hmmm?” and in his third trial “1/2+1/2=1, 1+(-1/2)=1/2, 1/2+(-1)=-1/2 oley, |
dare | found itl. If -1/2+?7=-1; ?=-1/2", out of these trials, it is possible to say that students at this level
are short of fulfilling mathematical generalization. Because some students gave up creating solutions
after they could not find it in one or two trials. The path to generalization in maths goes through
conceptual learning. In parallel, literature stresses the importance of conceptual learning in maths (Baki,
1998; Baker & Czarnocha, 2002; Camacho, 2002; Girbiiz, 2010; isleyen & Isik 2003; Rittle-Johnson, &
Koedinger, 2002; Soylu & Soylu, 2006).

As students at quite high level manage to present correct justifications to their correct solutions, it is
likely to infer that their mathematical reasoning is adequate, because these students could create fully
correct solutions to the questions. For example, The statement of a student at this stage to the Q34,
as“as a triangle is created by three edges, the number of edges is more than the number of triangles.
Even, the number of triangles is 2 less than the number of edges. Then if the number of edges is n; the
number of triangle is n-2” confirms this argument. It is possible to say that students at this level are able
to to comprehend what they read; use mathematical language; learn mathematics in conceptual
dimension and do mathematical reasoning.

For further research, studies about designing the learning environments that improve the
mathematical reasoning of students may be included. Through studying with less number of students, a
more detailed picture can be obtained related to the mathematical reasoning of students. Moreover, in
learning environments, rather than the familiar classical problems, students need to be enabled to deal
with the problems that they can do reasoning and thus their mathematical reasoning could be
improved.
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Genis Ozet

Girisg

Matematiksel muhakeme, bir problem ya da durumu “Neden” ve “Nasil” sorulari etrafinda
detaylandirip anlamlandirarak yapilan bir st diizey disiinme siireci olarak tanimlanabilir. Matematikte
gerceklere deney ya da gozlemle degil, muhakemede bulunularak ulasildigi icin muhakeme olmaksizin
matematik yapilamaz. Benzer sekilde Curtis (2004) ve Sparkes (1999), muhakemenin matematik yapmak
icin olmazsa olmazlardan oldugunu ifade etmislerdir. Toulmin, Rieke, & Janik (1984), muhakemenin yeni
fikirler olusturmadigini ve muhakemenin goérevinin, belli bir durum, konu ya da olay hakkinda en iyi
karari vermek oldugunu belirtmislerdir. ileri diizeylerde de olsa bir diisiince bilgi temeline dayanmiyorsa,
gerekcelendirilemiyorsa, mantikli yaklagimlar icermiyorsa muhakeme olarak kabul edilemez (Umay,
2003). Bu nedenle, matematigi i¢ ice ge¢mis bir bilgiler agi olarak gorme hem muhakeme vurgusunun bir
sonucu olmakta, hem de daha ileri bir muhakeme igin bir temel olusturmaktadir (Umay & Kaf, 2005).

Russell’e (1999) gére muhakeme, 6grencilerin matematigi bir disiplin yapan soyut ifadeleri anlamayi
saglayan bir aractir. Matematiksel muhakeme ise; kritik disiinme, yaratici disiinme ve mantiksal
disinme gibi gesitli disiinme tarzlarini ise kosup bir karara varma siireci olarak ifade edilebilir. Bu
nedenle 6grenme ortamlarinda 6grencilerin matematiksel muhakemede bulunmalari etkili 6grenmelerin
gerceklesmesi igin 6nem arz etmektedir. Nitekim matematik egitimiyle ilgili yapilan ulusal (MEB, 2009;
2013) 6gretim programlarinda ve uluslararasi reform galismalarinda (NCTM, 1989; 2000) ve diger birgok
arastirmada (Diezmann & English, 2001; English, 1998; Fischbein & Schnarch, 1997; Kramarski,
Mevarech, & Lieberman, 2001; Lithner, 2000; Schoenfeld, 1985; Umay, 2003; White, Alexander, &
Daugherty, 1998) matematiksel muhakemenin matematik 6grenme lzerinde 6nemli roli oldugundan
bahsedilmektedir. Ornegin, Diezmann & English (2001), Kramarski vd. (2001) ve White vd. (1998)
yaptiklari calismalarda, matematik 6grenmeyle muhakeme arasinda dogru bir iliskinin oldugunu, daha iyi
muhakemede bulunanlarin problemler karsisinda daha etkili ¢ézimler Uretebildiklerini ve daha iyi
iliskilendirmelerde bulunduklarini belirtmislerdir.

Ogrenme ortamlarinda sunulan ¢ogu ahsilagelmis, iyi yapilandirilmis, muhakemede bulunmayi pek
gerektirmeyen ve dogru cevaplamaya yonlendiren problemler, 6grencilerin ylzeysel 6grenmelerine
neden olmaktadir. Francisco & Maher (2005) 6grencilere sunulan kompleks uygulamalarin basit olanlara
oranla onlarin daha etkili bir sekilde muhakemede bulunmalarini saglayacagini ifade etmislerdir. Ayni
paralelde Henningsen & Stein (1997) bir uygulamanin kompleksligini azaltmanin 6grencilerin distk
diizeyde dislinmelerine vyol actigini belirtmislerdir. Bu baglamda matematiksel muhakemeyi
degerlendirmede farkli tirden sorular kullanilabilmesine ragmen ¢6ziimiine hemen ulasilamayan agik
uglu problemlerin daha etkili olacagi dusinilmektedir.

Egitimin en 6nemli hedeflerinden birisi de bireylerin gilindelik yasamda karsilastiklari problemlere
etkili ¢coziimler Uretebilmelerini saglamaktir. Egitimin bu hedefini en iyi sekilde gerceklestirebilmenin
yolu, matematik yapmaktan gecmektedir. Clinkli matematik yapmak, bireyleri bir probleme ¢6zim
Uretirken muhakeme yapmaya zorlayarak olasi bitlin secenekleri gz 6niine almalarini saglamakta ve
karar verme yeteneklerini gelistirmektedir. lyi muhakemede bulunan insanlar, daha dogru ve etkili
kararlar verebildikleri icin giinlik yasamlarinda daha basarili olabilmektedirler. Bu sebeple 6grenme
ortamlarinda 6grencileri muhakeme yapmaya zorlayan problemlerle bulusturmak ve matematiksel
muhakeme dizeylerini incelemek ©Onemlidir. Bu c¢alismanin amaci, yedinci sinif 6grencilerinin
matematiksel muhakeme diizeylerini belirlemek ve bu yondeki performanslarini ortaya koymaktir.
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Yontem
Arastirma Deseni

Bu c¢alismada, katilimcilarin matematiksel muhakemelerinin mevcut durumu incelendiginden
betimsel arastirma yontemi kullanilmigtir. Nitekim birgok egitim arastirmasinin betimsel nitelikte oldugu
ve bu arastirmalarda ilgili durumun betimlenerek yorumlandigi belirtiimektedir (Cohen, Manion, &
Morrison, 2000).

Katilimcilar

Calisma, Tirkiye’nin bir ilindeki duisik ve orta sosyo-ekonomik diizeye sahip li¢ ortaokulunda
O0grenim goren 167 yedinci sinif 6grencisinin katilimiyla gergeklestirilmistir. Arastirma etigi geregi
katiimcilara 01, 02, 03, ... seklinde kodlar verilmistir.

Verilerin Toplanmasi

Veri toplama araci olarak literatiirden faydalanilarak gelistirilen ve 35 sorudan olusan Matematiksel
Muhakeme Testi (MMT) kullanilmistir. Testi gelistirme silirecinde kapsam gecerligi icin uzman
goruslerine basvurulmustur. Testin Cronbach Alfa katsayisi “.885” olarak hesaplanmistir. Gergek
uygulamaya katilmayan 32 yedinci sinif 6grencisinin katilimiyla gergeklestirilen pilot uygulama
sonucunda, testteki sorularin anlasilir ve agik oldugu tespit edilmistir. Ayrica pilot uygulamada bu test
icin verilen 45 dakikalik stirenin gergek uygulamada 60 dakikaya gikarilmasina karar verilmistir.

Verilerin Analizi

Ogrenci cevaplari uygun istatistiksel programlar kullanilarak analiz edilmistir. Tablo 1’deki diizeyler ve
puan araligi Tablo 2 ve Tablo 3’teki puanlama olgeklerine gore olusturulmustur. Her 6grencinin aldigi
toplam puan, soru sayisina (35) béliinerek dgrencinin diizeyi belirlenmistir. Ornegin Tablo 2 ve Tablo
3’ten 130 puan alan bir 6grencinin [130/35=3.71 puani 3.00-3.99 araligindadir] (Bakiniz Tablo 1)
matematiksel muhakemesi yiliksek olarak degerlendirilmistir. Bunun yani sira arastirmaya katilan
ogrencilerin matematiksel muhakemelerinin ne diizeyde oldugunu daha net gorebilmek amaciyla bazi
ogrencilerin (her bir diizeydeki 6grenciler) testte yer alan bir soruya (Q7) iliskin cevaplari dogrudan
aktarilarak detayli bir sekilde ele alinmustir.

Tablo 1.

Matematiksel Muhakeme Dlizeyleri

Diizey Puan Ortalamasi ( X )
Oldukga Diisik 0.00-0.99
Duslik 1.00-1.99
Orta 2.00-2.99
Yiiksek 3.00-3.99
Oldukga Yuksek 4.00-5.00

Ogrenci cevaplar, tecriibeli iki matematik egitimcisi tarafindan bagimsiz bir sekilde puanlanmistir.
Yapilan puanlamanin paralelligi icin bir araya gelen bagimsiz degerlendirmeciler, puanlamanin %85-90
diizeyinde tutarhligi konusunda hemfikir olmuslardir.
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Bulgular ve Yorum

Yapilan analiz sonucunda, 6grencilerin %7.2’sinin matematiksel muhakemesinin olduk¢ca diisiik;
%27.5’inin diisiik; %45.5’'inin orta; %16.8’inin yiiksek ve %3’linin olduk¢a yliksek duzeyde oldugu ortaya
ctkmistir. Bu degerlere bakildiginda 6grencilerin yaklasik yarisinin (%45.5) orta diizeyde matematiksel
muhakemeye sahip oldugu sdylenebilir. Oldukga dusik ve diusik diizeydeki 6grencilerin toplam yuzdesi
%34.7 ve oldukga yiiksek ve yiksek dizeydeki 6grencilerin toplam ylizdesi %19.8 olarak hesaplanmistir.
Bu degerler karsilastirildiginda matematiksel muhakemesi disik dizeyde olan 6grencilerin
matematiksel muhakemesi yiliksek dizeyde olan Ogrencilerden daha fazla oldugu sdylenebilir. Bu
sonuglardan hareketle, genel olarak 6grencilerin matematiksel muhakemelerinin orta ve disik diizeyde
oldugu soylenebilir.

Sonug ve Tartisma

Bu arastirma sonucunda, yedinci sinif 6grencilerinin matematiksel muhakemelerinin genel olarak
orta ve dusik dizeyde oldugu tespit edilmistir. Katilimcilarin matematiksel muhakeme diizeylerinin
daha net bir resmine ulasmak icin asagida her bir diizey literatiirle iliskilendirilerek tartisiimistir.

Olduk¢a diisiik diizeydeki 6grencilerin ¢oziimleri incelendiginde {¢ durumla karsilagiimaktadir.
Birincisi, cevap icin herhangi bir miidahalede bulunulmamasi, ikincisi, sadece segeneklere odaklanarak
bir secenegin isaretlenmesi ve bu segenege iliskin herhangi bir agiklamanin yapilmamasi ve tglinciisi ise,
yine rastgele yanlis bir segenegin isaretlenerek matematikle ilgisi olmayan ya da matematik mantigina
uymayan ifadelerin yazilmasi seklinde siralanabilir. Ornegin, bu diizeydeki 6grencilerin MMT’ deki 7.
soruya iliskin “bu kitap ¢ok ince bir kitaptir”, “rakamlari sayan kisiye baglidir” gibi ¢6ziimle ilgisi olmayan
ifadeler kullandiklari gérilmistir. Buradan bu diizeydeki 6grencilerin matematiksel muhakemelerinin
yetersiz oldugu sdylenebilir. Literatirde matematiksel olmayan benzer ©&grenci cevaplarina
rastlanmaktadir (Fischbein, Nello, & Marino, 1991; Lecoutre, 1992; Pratt, 1998; Amir & Williams, 1999;
Batanero & Serrano, 1999; Nilsson, 2007; 2009; Mandaci-Sahin, 2007; Cimen, 2008; Pilten, 2008).

Diisiik diizeydeki 6grencilerin ¢oziimleri incelendiginde de Ug¢ durumla karsilagiimaktadir. Birinci
durumda 6grenciler sadece cevap seceneklerine odaklanarak birini isaretlemislerdir. ikinci durumda
yanhs gerekgelerle yanlis cevaba ulasmislardir. Ornegin, MMT’deki 11. soruya iliskin bir 6grenci
“225:15=15. Ciinkii 10+5=15"tir” seklindeki yanlis bir gerekceden yanls cevaba gitmistir. Uclincii
durumda ise yanlis gerekceler sunarak dogru cevaba ulasmislardir. Ornegin, MMT’deki 5. soruya iliskin
bir 6grenci“égretmenimiz diinyanin cevresini 2riir formiiliiyle hesaplayacagimizi séylemisti. Yaricap ne
kadar uzun olursa olsun, ipi 2t kadar uzatmamiz gerekir” seklindeki yanhs bir gerekceden dogru cevaba
gitmistir. Buradan bu dizeydeki 6grencilerin okuduklarini anlamalarindan ve anladiklarini matematiksel
dile aktarmalarindan kaynakh yeterli matematiksel muhakemede bulunamadiklari soylenebilir.
Literatirde de matematiksel dilin 6grenme Uzerindeki etkisinden bahsedilmektedir (NCTM, 1989;
Schroeder, 1993; Gibbs & Orton, 1994; Moore, 1994; Orton & Frobisher, 1996; Lansdell, 1999; Raiker,
2002; Calikoglu-Bali, 2003).

Orta diizeydeki 6grencilerin ¢dzlimleri incelendiginde eksik matematiksel muhakemeden kaynakh
hatall ¢cdziimler irettikleri sdylenebilir. Ornegin, MMT deki 33. soruya iliskin iki 6grenci “olusan parca
sayisi ile kesme sira numarasi arasinda 2°nin katlarinda bir iliski var ancak...” ve “bir kesmeden iki parga,
2 kesmeden 4 parga, 3 kesmeden 8 parga bdyle devam edip gidiyor. Ama biz bilemeyiz ki en sonda kag
parca olusacak” seklindeki ifadelerinden eksik muhakemede bulunduklari ifade edilebilir. Bu 6grenci
cevaplarindan da goriilebilecegi gibi bu diizeydeki 6grenciler okuduklarini anlayabilmislerdir ancak eksik
muhakemeden kaynakl tam dogru cevaba gidememislerdir. Nitekim Diezmann & English (2001),
Kramarski vd. (2001) ve White vd. (1998) yaptiklari calismalarda ayni paralelde ifadelerle bu gikarsamayi
desteklemislerdir.

Yiiksek diizeydeki 0©grenciler dogru matematiksel muhakemede bulunup, dogru ¢ézimler
sunabilmislerdir. Ancak eksik matematiksel genelleme yapmaktan kaynakli bazi sorulara tam dogru
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cevap verememislerdir. Ornegin, bu diizeydeki bir 6grencinin MMT’deki 19. soruya iliskin ilk
denemesinde“1/2+x=1 ise x=1/2 ve -1/2+x=-1/2+1/2=0 himmm” seklinde bir ¢6zim lretmeye
galismistir. Ancak bu yaklasimla dogru cevaba ulagamayinca ikinci denemesinde “1/2.x=1 ise x=2 ve -
1/2.2=-1, -1.2=-2 alla, alla... haa. 1/2.2=1 hmmm?” ve Gg¢lincli denemesinde “1/2+1/2=1, 1+(-1/2)=1/2,
1/2+(-1)=-1/2 oley galiba buldum. -1/2+?=-1 ise ?=-1/2” seklindeki denemelerinden bu duzeydeki
ogrencilerin matematiksel genelleme yapmada az da olsa eksik olduklari séylenebilir. Cinki bazi
ogrenciler bir ya da iki denemede bulamadiktan sonra ¢6ziim tretmekten vazgegmislerdir. Matematikte
genelleme yapabilmenin yolu kavramsal boyutta 6grenmeden gecmektedir. Nitekim literatirde de
matematikte kavramsal 6grenmenin 6nemine vurgu yapilmaktadir (Baki, 1998; Rittle-Johnson &
Koedinger, 2002; Baker & Czarnocha, 2002; Camacho, 2002; isleyen & Isik 2003; Soylu & Soylu, 2006;
Gurbuz, 2010).

Olduk¢a vyiiksek diizeydeki ogrenciler dogru c¢ozimlerine dogru gerekceler sunabildikleri icin
matematiksel muhakemelerinin yeterli oldugu séylenebilir. Clinkii bu 6grenciler sorulara tam dogru
¢ozlimler Uretebilmislerdir. Ornegin, bu diizeydeki bir 6grencinin MMT deki 34. soruya iliskin “li¢c kenar
bir tiggen olusturduguna gére ve tabloda da kenar sayisi licgen sayisindan fazladir. Hatta tiggen sayisi
kenar sayisinin 2 eksigi ¢cikiyor. O halde kenar sayisi n ise l¢cgen sayisi n-2 olur” seklindeki ifadesi bu
yarglyl dogrulamaktadir. Bu diizeydeki 6grencilerin okudugunu anlamada, matematiksel dili kullanmada,
matematigi kavramsal boyutta 6grenmede ve matematiksel muhakemede bulunmada yeterli olduklari
soylenebilir.

ileride yapilacak arastirmalarda, &grencilerin matematiksel muhakemelerini gelistirecek 6grenme
ortamlari tasarlanip degerlendirilebilir. Ayrica az sayida 6grenciyle calisilarak, 6grencilerin matematiksel
muhakemelerine iliskin daha detayli bir resme ulasilabilir. Ote yandan, matematiksel muhakemenin
gelistirilebilmesi i¢in 0Ogrencilerin alisilmis klasik problemlerden ziyade muhakeme yapmalarini
gerektiren problemlerle ugrasmalarina imkan taninmalidir.
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Appendix. Some Questions in Mathematical Reasoning Test (MRT)

Q;

Q,

In a school with 1100 students, 5 students lessen each
year. In an other school with 700 students, 15 students
increase each year. How many years later will the
number of the students in both schools become equal?
Please write.

a) 12 b)15  c)18 d) 20

Erdem calculates that in a bread queue, he is
the 17th from the beginning and the 12th
from the end. According to this how many
persons are there in the queue totally?
Please write.

a)26 b)27 )28 d)29

Qs

Q,

Imagine that there is a rope that tightly envelops the
earth on the equator. If the radius of the earth were 1
meter longer, how many meters would we need to
extend the rope to wrap the earth tightly? Please write.

a)m b)2n c)3n  d)can not be known

Book of 25 pages are numbered from
number 1. How many numbers have been
used in this numbering? Please write.

a)40 b)4l c)42 d)43

Qs

Q,

A dolphin jumped up 8 meters while swimming 3
meters of dept under water. How many meters did this
dolphin jumped above the water level? Please write.

a)llm b)5m c¢)24m d)10m

1/6 of the eggs within a basket has been
broken. 2/5 out of the rest of them is sold. As
30 eggs left within the basket, how many
eggs have been sold? Please write.

a)10  b)20  ¢)30 d)40

Qo

Q11

Which interval is the length of an edge located of a
garden which is square shaped whose area is 39 m’?
Why?

a) between4 mand5m b) between5mand 6m

c) between6 mand7m d) between7 mand 8 m

Ahmet paid 235 TRYs for all the books that
he bought for 5 and 10 TRYs each. According
to this, how many books did Ahmet buy al
least? Please write.

a)23 b)24 )45 d)46

Q12

Qi

In a farm where there are sheep and hens, the number
of feet is 34 and the number of head is 100. According
to this information, what is the number of the sheep in
this farm? Please write.

a) 57 b) 60 c) 63 d) 66

1/2, 1, 1/2, -1/2, -1, ?

a)l b)-1/2 1/2 d)-1
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Q3

QZZ

The shape above which is created through combinig
three sticks 1/4 in size, how many sticks 1/12 in size is
necessary to create it? Please explain.

a)3 b)e ¢)9 d)12

The ticket price in various stores of a clock
whose all features are all the same is given
below. In which store is this clock bought
cheapest after the discounts made? Please
explain.

a) Store A/100 TL - 25 % discount
b) Store B /90 TL- 10 % discount
c) Store C/90 TL - 20 % discount

d) Store D/100 TL - 30% discount

Qs

Q3

Row Numbers Total

1. row 2,3,4,5,6,7,8,9,10

2. row 10,12,14,16,18,20

3. row 5,7,9,11,13,15

4. row 3,6,9,12,15,18,21

Develop a strategy which indicates that the total
sequential numbers within each row above is 90.

As it is seen above, to the edge of a garden
whose bottom is quadrate (10mx10m), a
sheep is tied with a rope of 20 meters. When
the rope is tight, what is the maximum
square meter area that the sheep can graze?
Please explain.

Evaluate the solutions of the 31th and the 32th questions and write your own comment on each step.

Q3

Qs

As 5 masters finish building a house of 100 m’ in 10
days; in how many days 10 masters with the same
qualifications finish building a house of 150 m>?

Solution Way

1st step: If 5 masters finish a house of 100 m? in 10
days; 10 masters finish it in 5 days.

2nd step: If 10 masters finish a house of 100 m’ in 20
days; they finish a house 150 m? in (150%20)/100=30
days.

Two reciprocal vehicles from two cities
whose distance is 240 km set off at the same
time. As the speed of on per hour is 50 km an
the other one’s 70 km; how many hours later
these vehicles meet after their depurture?

Solution Way:

1st step: The distance between two vehicles
is 240 kms.

2nd step: It is essential to calculate the speed
difference of both in order to find how many
hours later they will meet. 70-50=20

3rd step: 240/20=12 hours later they will
meet.
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Q33 Q3,4
- 3 IR
Ep tHHTT -
v Edge Triangle
1. kesme 2. kesme 3. kesme 4. kesme 1. kesme Number Number
His teacher wants Ali cut the paper strip into two equal 3 1
pieces with scissors as above and recut each of these
pieces and go on this work. ' 4 2
The Dis Ia-l-hoe1c ’ ’
Cutting Number of Nur:bets in
Row Number The Piece .
Created Exponential
Notation
1
1 2 2 ; 5
2 4 2’
3 8 2’ .
According to the table above, what should be
placed instead of “?” please explain.
n ?

Ali does not manage to know what to write in the place
of “?” where the generalization is done. In your opinion,
what should Ali write in the place of “?” Please explain.
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