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Understanding mathematical concepts is impossible without emphasizing
reasoning and taking on instrumental and procedural aspects. This can be more easily recreated if
mathematics is learned as a reasoned science instead of a set of procedures. On the other hand, the goal
of any educational system is to prepare students for social life so that they can perform their daily duties
well as a citizen. In this regard, they must be able to convince themselves and others with the reasons they
present. However, students face widespread difficulties in understanding reasoning and proof in
mathematics as well as in assessing their correctness. Therefore, it is important for students to evaluate
the correctness and validity of mathematical reasoning and to use these reasoning to convince themselves
and others. This certainly deserves further attention and research. The purpose of this study was to study
the ability of 11t grade students to evaluate mathematical reasoning to identify the strengths and
weaknesses of students..

Mhe present study was conducted by survey method.The statistical population consisted of the
11t grade students in Zanjan and the sample includes 393 boy and girl students selected by random cluster
sampling from the gifted, exemplary public, Shahed and public schools and the sample was selected to
include all levels of students.. The research instrument is a researcher-made test consisting of 3 problems
familiar, completely familiar and unfamiliar situations. Students were provided with some responses for
each of these three situations to determine which responses can be selected to convince themselves,
which ones can be chosen to convince friends, and finally which ones can be selected to get the best score.
Descriptive and inferential statistics (Chi-square test) were used for data analysis.

m The findings indicated that students were not capable of evaluating mathematical reasoning
and in more than 60% of cases they were particularly interested in using formal methods. Selecting the
responses to persuade themselves and friends in more unfamiliar situations indicated that students paid
less attention to accepted criteria for approving a logical reasoning. Students' performance to get the best
score from the teacher indicated that their attention to correct and incorrectsymbolic responses has
increased, the form of presentation seems to be more important to them,. Although they are not able to
distinguish formal proof content from the false one, they have a better understanding for distinguishing
invalid reasoning in the familiar situations. The results showed that in some cases gender influenced
students' performance.

It can be said that the current teaching method in mathematics has not had any significant
results in the area of reasoning and proof. Therefore, it is necessary to review the teaching methods and
the content of the textbooks. The results of this research can be used by education policy makers and
textbook authors to pay special attention to the situation of reasoning in mathematics textbooks by being
aware of students' views on mathematical reasoning, and perhaps by changing the way textbooks are
written, a fundamental step to solve difficulties. Also, by being aware of students' performance in the field
of reasoning and proof, math teachers can identify the strengths and weaknesses of their students in the
process of math proofs and identify their misconceptions in this field.
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Table 1: Classify the reasoning of individuals by the shape of reasoning [27]

The form of

. Reasoning features
reasoning

Reasoning based on form (image presentation) or some
examples,
They confirm the correctness of the statement

Experimental

Reasoning expressed using mathematical symbols.

Formal
Regardless of whether or not they are presented correctly
Reasoning that are explanatory without the use of
Narrative mathematical symbols. Regardless of whether or not they

are presented correctly

99y 9 lgzme Bl 51 e Yol ¥V Jgazr gl Glgi so (nizres
Dgad (Ganaib
(VY] JYaal gy (bl o3l Vaul (gamaids ¥ Joax

Table 2: Classification of individuals reasoning based on the method of
reasoning [27]

The method of .
Reasoning features

reasoning

It means concluding and discovering general facts
Inductive based on partial comparisons and a limited set of

observations.

This method consists of a sequence of statements that
Deductive are reasonably related and based on accepted facts

and facts it leads to a correct conclusion.

Reasoning that are irrelevant regardless of their form,
Basis-free are not relevant to the proposition or have no valid

reason for their various stages.
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Table 3: The comparison of students' perfoemance in mathematical reasoning in Timss [36]

Average Average global Average
. - . Average global
Subject Cognitive context percentage of percentage in percentage of Iran ercentage by 2015
Iran in 2011 2011 in 2015 P ge by
Display data Resoning 50 65.66 30 55.25
Shapes and
geometric Resoning 13 26 37.83 52.75
measurement
Numbers Resoning 18.1 23.7 16 34.7
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Table 4: Marks needed to calculate the score

Mixed

No . Specific . Correct Incorrect
Narrative Experimental
response formal formal formal
Problem 3 Problem 1,2
Mark in convincing 0 5 3 3 5 2 5 0

themselves and others
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Table 5: Perecentage of students' selective reasoning on three problems

Getting the

Convincing

Convincing

best mark f P friends f P yourself f P
Mixed 130 33.1 Correct formal 102 25.8 Correct formal 121 30
— =~ Correct formal 114 31.3 Incorrect formal 100 25.3 Incorrect formal 109 26.9
iE, (—:u Response
2 g Incorrect formal 103 26.2 Mixed 100 25.3 Mixed 97 24
202
gL
Experimental 46 114 Experimental 93 23.5 Experimental 77 19.1
Correct formal 243 55.2 Correct formal 224 52.7 Correct formal 263 58.3
~ E Mixed 80 18.2 Experimental 88 20.7 Experimental 80 17.7
€ E
20 Response Experimental 51 11.6 Mixed 76 17.9 Mixed 80 17.7
o >
& Z Specific formal 46 10.5 Incorrect formal 24 5.6 Incorrect formal 16 35
Incorrect formal 20 4.5 Specific formal 13 31 Specific formal 12 27
Specific formal 160 373 Experimental 121 2.8 Experimental 137 315
'g E Experimental 96 22.¢ Specific formal 108 26.6 Specific formal 127 29.2
£ =
% E Response Correct formal 90 21 Narrative 92 22.7 %Narrative 83 19.1
o C
a S
= Narrative 60 14 Specific Mixed 49 121 Correct formal 56 12.9
Specific mixed 23 5.4 Correct formal 36 8.9 Specific mixed 32 7.4
oo s g1 ) Wl 58 Sz L5 laeuly s o anslie £ Jooo
Table 6: Percentage of gender responses in problem 1 for three questions
Getting the best mark Convincing friends Convincing yourself
Boy Girl Total Boy Girl Total Boy Girl Total
- = 34.8 30.8 Mixed 33.1 27.2 239  Correct formal 318 275 Correct
c® 25.8 formal 30
&= Incorrect
€
i 29 26 Correct formal 211 323 Incorrect 215 34.5 formal
a = 313 formal 25.3
Answers 26.9
218 32 Incorrect 293 19.6 Mixed 25.3 29.2 17 Mixed 24
formal 26.2
Experimental Experimental Experimental
12.1 11.2 114 224 25.2 235 17.6 21.1 191
‘ 2 sig df x? sig df x? sig df
@ Chi-square
@
= test
2
o 6.057 0.195 4 8.160 0.086 4 13.801 0.08 4
i
CIJ
i . .
The difference in performance between The difference in performance The difference in performance
Results . . . o between the two groups is not
the two groups is not verified. between the two groups is not verified. verified
Best
performan 343.2 306.4 Score 3273 267.9 Score 340.2 264.7 Score
ce
according Boys Boys Boys
to marks
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Table 7: Comparison perecentage of gender responses in question 2 for three questions

Getting the best m ark

Convincing friends

Convincing yourself

Boy Girl Total Boy Girl Total Boy Girl Total
Correct formal Correct formal Correct formal
54.6 56 552 49.9 57.2 527 57.8 59 583
= ) Experimental Experimental
; r_:u 213 14.1 Mixed 18.2 224 24.4 207 15.6 20.5 17.7
g )
S5 answers 8.8 15.2 Experimental 11.6 233 10.6 Mixed 17.9 215 12.8 Mixed 17.7
o >
a3 Specific formal Incorrect formal Incorrect
o 9.2 12 105 7.3 33 56 3.9 3.1 formal 3.5
Incorrect formal Specific forma Specific formal
6 2.9 45 2 4.4 31 1.2 4.6 27
2 H 2 H 2 H
é Chi-square X sig df X SIg df X SIg df
= test
©
‘uu,‘) 10.407 0.034 4 17.609 0.001 4 11.348 0.023 4
i
Results The difference in performance between The difference in performance The difference in performance between
the two groups is confirmed. between the two groups is confirmed. the two groups is confirmed.
Best
performance 4247 4169 Score 408 401 Score 4313 4138 Score
according to
marks Boys Boys Boys
S a6l ¥ allice o o a5 5l bagealy oy dnglie A Jgo
Table 8: Comparison perecentage of gender responses in question 3 for three questions
Getting the best mark Convincing friends Convincing yourself
Boy Girl Total Boy Girl Total Boy Girl Total
42.4 304 Specific formal 37.3 25.4 35.6 Expz‘g'?e"ta' 28.6 35 Experimental 31.5
k] -
z 16.3 304  Experimental 22.4 31.9 195 Spec'zf";gc’rma' 332 244 Specific formal 29.2
s X
c
2 answers Correct formal . .
Ll 22.4 19 Y\ 216 24.1 Narrative 22.7 15.5 23.4 Narrative 19.1
5
e 29 15.8 Narrative 14 11.2 13.2 Spec'?; ';/"X'Ed 14.3 11.2 Correct ff’:”;a'
6.1 43 Specific mixed 5.4 9.6 7.5 Correct formal 8.9 8.4 6.1 Specific mixed 7.4
2 H 2 H 2 H
2 Chi-square X SIg df X Sig df X Sig df
= test
g 15.345 0.004 4 10.474 0.033 4 9.340 0.053 4
A
E Results The difference in performance between the The difference in performance between The difference in performance between
two groups is confirmed. two groups is confirmed. the two groups is not verified.
Best 435.1 338.9 Score 336.1 327.3 Score 331 334.5 Score
performance
according to Boys Boys girls
marks
10.5 60
& Problem 1 18.2 11.6
37.3
Problem 2 331 224 | 114 40 g
[}
5.4 3
M Problem 3 14 ; 20 §
0 0 ° “'l
X L o L2 0
Narrative Specific Mixed Experimental Correct Incorrect
Formal and inductive Formal Formal

The form of reasoning

Al a3 wlee 5l o0 e <8l sl lygel 2ils o Slos auylie ) S5
Fig. 1: compares the performance of students to get the best mark from the teacher in three problems
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