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Abstract

The aim of the present study is to determine the impact of problem-solving based methods on critical thinking and academic achievement
of math in students of higher-education centers in the second semester of academic year 2013-14, Saravan city. The research method in
this study is quasi-experimental, with the control group as well as pre-test and post-test. The study population includes all students in the
second semester of 2013-14 who studied math in higher-education centers of Saravan city whose number was 400 and 130 students were
selected as statistical samples. Measuring instruments used in this study were a researcher made academic achievement of math test and
Watson-Glaser critical thinking test. To give an approximation of the content validity of the tests, analyzing books contents and compar-
ing it with the extent of usage for conceptual questions, tests content validity was assured to some extent. The reliability of the test was
calculated using bi-section method that according to the figures obtained for pre-test and post-test respectively (r = 0.71 and 0.68), tests
have an acceptable and relatively high reliability. To analyze the data, t-test was used. The results showed that academic achievement of
math and critical thinking in the test group, compared to the control group were higher and the differences between their means were

significant.
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1. Introduction

In fact, problem-based teaching is a kind of preparing students for
life, because life means facing with problems and attempts to un-
derstand and solve them. In problem-based teaching, activities and
educational events are designed and arranged in such a way that a
problem is created in mind of students, and they are interested to
do efforts and find a solution for it. Problem-based method may be
implemented individually or in groups [1].

In problem solving method, the underlying assumption is that
access to knowledge is only possible through overcoming the
process of problem solving or research. Accordingly, throughout
teaching, students are placed in situations that they scientifically
and exploratory take actions to solve it when facing with a new
problem or issue. After identifying the problem or issue, they
think about it. To this end, they collect and classify information
and in their mind, they come to some conjectures and social solu-
tions to solve the problems. Then they test their hypotheses in the
arena of action and provide enough evidence to prove or disprove
them. Finally, the argued hypothesis is accepted as a solution and
the results will be generalized to similar cases. During the problem
solving, learner achieves a set of learning and thinking skills [2].
Critical thinking and problem solving in nature are the same things,
and both are a variety of human thought. However, they differ
from each other partly. According to Seifert (1991), critical think-
ing is mostly related to the thinking process, while problem-
solving is mostly concerned with the products or the result of
thinking. Seifert also said about the two mental activities, usually,

but not always critical-thinking deals with open issues, but prob-
lem-solving often deals with issues, which have single and clear
answers. Dembo (1994) for critical thinking used deductive rea-
soning to analyze a mystery and for problem-solving exemplified
a math or chemistry problem. Furthermore, critical thinking in
addition to problem solving has some elements of the evaluation
as well. Despite the high disputes, many educational psychologists,
including Seifert (1991) sees these two mental skills so similar
that he proposed the same learning process for them [3].

Chat Myers believes that methods of teaching critical thinking in
different fields are different, and they must be developed in vari-
ous ways, teaching critical thinking to students didn't include ex-
change of information, but rather include training views to analyze
and understand information [4].

Critical thinking is like other skills. Each has his own style and his
own capabilities, but all can achieve it by getting informed and
teach it. In the past, we learned how to remind content to have
better understanding and memorability; but now we know that
memorizing the material is useless for the thoughts and minds and
does not help to understand the information. Watson-Glaser [5]
believes that the critical-thinking ability is processing and evalua-
tion of previous data with new ones and outcome and result of the
combination of deductive and inductive reasoning with the process
of problem solving. Watson-Glaser definition of critical thinking
was a basis to test critical thinking, which is nowadays widely
used to measure critical thinking and is acceptable to the majority
of scholars in various disciplines.

Magnussen et al [6] examined the effect of research-based teach-
ing on critical thinking ability and showed that learners who re-
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ceived lower scores in Glaser Critical Thinking Test Form A,
received higher scores after training.

Young Blood and Beitz [7] in their empirical research on nursing
students showed that the use of active methods of teaching caused
growth of their critical thinking.

Garside [8] performed an experimental study with a pretest and
post-test on students and tried to answer this question, whether
group discussions promote critical-thinking skills more than tradi-
tional training methods such as lectures and results indicated that

there is no significant difference between the two training methods.

The use of constructivism-based teaching methods for eleven
weeks in the educational psychology course increased students'
critical-thinking skills [9].

From the perspective of Norris, critical-thinking ability is not
widespread among students, and they earn no-good scores in tests,
which evaluate assumption's detection ability, evaluating the ar-
guments and inferences. Anderson and Smith clarified that ele-
mentary students can take passing score in the exam for photosyn-
thesis, but they don’t know that plants produce their own food
(quoting from Marzano et al. [10]).

Myers believes that the growth and development of intellectual
skills of students today had taken a critical state because the out-
put, and the information of society are beyond the critical-thinking
ability about the information, so that in recent years, educational-
ists have expressed concern about the disability of students in
critical thinking.

Shabani and Mehrmohammadi [11] also have done another re-
search with the subject: the effect of problem solving as a group
on critical thinking of fourth-grade students of elementary schools
in Tehran in experimental science, the results showed: on the one
hand, problem solving method as a group activity, confirms com-
ments and analysis of many scholars and plays an important role
in fostering critical-thinking skills, and on the other hand, it is a
guideline for the majority of teachers in providing opportunities
for strengthening thinking especially critical thinking of students
even in the early years of education.

Shabani [12] in his study showed that problem-solving as a group
has a positive effect on the growth of critical thinking skills in the
fourth grade students.

Critical thinking skills of nursing students of Semnan at different
levels is in the range of 12-11 which has been almost one third of
the test score of California Critical Thinking. The scores obtained
by students in the United States and Korea is higher than the aver-
age scores, and it seems that the Iranian nursing students' scores
are less than students in other countries [13].

In general, the results and findings all indicate the weakness of
traditional methods of learning, especially high cognitive levels of
Bloom's taxonomy and in addition, do not provide ground for the
growth of levels of thinking such as problem solving, creative
thinking and critical thinking.Research done on the problem-based
approach and its impact on improving learning and academic
achievement have shown that by improving academic achieve-
ment, students' motivation to learn will be increased. Seif [14]
argues that learners interested in a subject, compared with low-
interested learners gain more success and the success will increase
their level of interest and motivation toward the subject and simi-
lar issues. Research reports mentioned in the section on problem-
based education research have emphasized the significant increase
of academic achievement. In other words, since comparing tradi-
tional methods and problem-solving based methods, academic
achievement is used as one of the most important dependent vari-
ables, the results and findings also suggest improving student
achievement in problem solving-based methods. So far, it was
stated that there are many reasons why a problem-solving ap-
proach can make a significant contribution to the outcome of
mathematics education. This approach is not only a means to de-
velopment of logical thinking, but also it can create a platform for
students for learning math, it can increase transferring skills to
unfamiliar situations and is aesthetic per se. A problem-solving
approach can provide a means for students to make their ideas
about math and take responsibility for their own learning. No

doubt mathematical program can be better extended through the
creation of an environment in which students are taught by prob-
lem-solving approach.

Walsh and Paul [15] stated that critical thinking is a skill that may
enhance or progress in any individual, however, critical thinking is
not what associated with people growth, but it has to be taught.
For believers of educability, critical thinking is the most basic
assumption that the learners can think better and learning centers
teach them how to do it.

So, this study using the teachings of psychology of problem-
solving thinking and following the experimental approach to train-
ing mathematical problem-solving, considered its effects on criti-
cal thinking and academic achievement of math among students of
higher-education institutions in Saravan city.

2. Materials and methods

Due to the nature of the subject matter, and other characteristics of
this research, this study is implemented with quasi-experimental
study and using pre-test, post-test in two groups: control group
and test group. In this study, the effects of problem-solving based
methods (independent variable) and critical thinking and academic
achievement of math are (dependent variables). The study statisti-
cal population includes all students who have been studying in the
second semester of academic year 2013-14 in Saravan higher edu-
cation centers and selected math whose number was about 400.
Frequency distribution of statistical sample of this study is pre-
sented in Table (1).

Table 1: Distribution of Statistical Sample

Grou Control Test Total

UnivSrsity Gender Gender N)
Male Female Male Female

I1AU 28 12 27 13 80

PNU 8 12 9 11 40

HEC 17 13 15 15 60

Total 53 37 51 39 180
90 90 180

2.1. Sample and sampling method

The sampling method used in this research was a cluster random
sampling. Since there are three higher-education centers (Islamic
Azad University, Payam Noor University, Higher Education
Complex) in Saravan, so from each university two classes were
selected; one as test and the other as control, which eventually six
classes were chosen as samples. Three classes in the control group
(n = 90) and three classes within the test group (n = 90) i.e. the
sample size was 180.

2.2. Research tools

1) To perform the "pre-test" - “post-test," the teacher-made test
academic achievement of math was used. To give an ap-
proximation of the content validity of these tests, research-
ers studied and analyzed the educational materials and
number of pages and books and compared it with the per-
centage of use of any material questions, it content validity
was assured. The reliability of problem-solving ability tests
or the pre-test and post-test of mathematics were calculated
using bisection method that according to figures obtained
for the pre-test and post-test respectively (r = 0.71 and 0.68)
tests proved to have an acceptable and relatively high relia-
bility.

2) The other tool is students’ critical-thinking questionnaire.
This questionnaire has been made by Watson-Glaser con-
sisting of five sub-components (test) that measures students'
critical thinking.
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2.3. Procedure

In the beginning, to establish peer groups of test and control
groups, the mean scores of students from previous semesters were
used. At the beginning of the semester, critical-thinking question-
naire was completed by students in both control and test groups,
and their tendency to critical thinking was recorded. In the next
session, pre-test questions were distributed and tested in both
groups. Then, traditional method of teaching was continued in the
control group until the end of the term, but in the test group from
the first session, the class was divided into groups of five, and
each of the groups was asked to choose a name for their group, so
the groups were formed with the specific identity and researcher at
each session raised issues that can involve students with subject
matters and students talk with each other, and then presented an-
swers in writing. During the 10 weeks of training, various samples
ranging from issues of books were raised for the students, and they
discussed in their group, and then answers were written on the
blackboard for public and each group presented their argument pro
and against the answers. At the end of the semester, academic
achievement of math test (post-test) and Watson - Glaser critical
thinking questionnaires in both groups were performed.

It is worth mentioning the solved sample problems during classes
were selected from book exercises and issues given for homework
were used from sample questions of previous semesters. As It was
mentioned, since the teacher of both classes was the same, in a
coordination with him, the sample exercises used for the test
group were individually used for the control group, although these
exercises alone, without the use of teaching problem-solving skills
were transferred to the control group.

3. Results

3.1. First hypothesis

HO: problem-solving based methods compared to conventional
traditional methods has no effect on academic achievement of
math among students.

H1: problem-solving based methods compared to conventional
traditional methods has a greater impact on academic achievement
of math among students.

To test this hypothesis, independent t-test and dependent t-test was
used. The results are presented using Tables (2).

Table 2: Results of Statistical Analysis of Levine's Test for Scores of
academic achievement of math in Test and Control Groups in the Pre-Test

the variances in achievement test scores are equal in both control
and test groups. Assuming equal variances, according to t-test
results in Table (3) as the level of significance of the error is
smaller 0.05 (0.05 >0.000). So between mean academic achieve-
ment of math test scores of the control and test groups with the
13/5 =t there is a significant statistical difference between the
control group of educational attainment is higher.

Table 4: Results of Statistical Analysis of Levene Test for Scores of aca-
demic achievement of math in the Test and Control Groups for Post-Test

Variable Group  Number F Sig
. . Test 90

Academic achievement of math 0.92 0.33
Control 90

Table 5: Differences in Mean Scores of Academic Achievement of Math
in Test and Control Groups for Post-Test

Variable Group Number Mean SD T DF Sig
Academic achievement of Test 90 12.59 3.25
math Control 90 1059 307 >4 1780000

In order to compare the academic achievement of math pre-test
scores in both test and control groups, independent t-test was used.
Levene test results in Table 3 (Levene's p = 0.5 > 0.33) states that
the variance of academic achievement of math t pre-test scores are
equal in control and test groups. Assuming equal variances, ac-
cording to t-test results in Table (5), as the level of significance is
smaller than 0.05 error level (0.05 >0.000). So there is a statisti-
cally significant difference between the mean scores for academic
achievement of math pre-test in both control and test groups with t
= 4.23 and the control group had a higher academic achievement
of math.

Table 6: Differences in Mean Scores of Academic Achievement of Math
for Pre-Test and Post-Test

Group Variable Test N M SD T DF Sig

Academic achievement Pre-test 90 11.97 3.12
Test ot math Post-test 90 12.59 325 200 89 0.006

Academic achievement Pre-test 90 9.67 2.88 361 89 0.000

Control ¢ hath Post-test 90 10.59 3.07

Variable Group  Number F Sig
. . Test 90 1.22 0.26
academic achievement of math
Control 90

Table 3: Mean Differences of Academic Achievement of Math in Test and
Control Groups in Pre-Test

Variable Group Number Mean SD T DF  Sig
academic Test 90 11.97 3.12
achievement 13,5 178 0.000
of math Control 90 9.67 2.88

In order to compare the academic achievement of math test scores
in both groups was tested using independent t-test. Levine test
results in Table (2) are from (0.05< 0.26 = levene's p) stating that
the variances in academic achievement of math test scores are
equal in both control and test groups. Assuming equal variances,
according to t-test results in Table (3) as the level of significance
of the error is smaller 0.05 (0.05 >0.000). So between mean
achievement test scores of the control and test groups with the t =
13.5 there is a significant statistical difference between the control
group of educational attainment is higher.

In order to compare the academic achievement of math test scores
in both groups were tested using independent t-test. Levine test
results in Table (2) are from (0.05< 0.26 = levene's p) stating that

In order to compare pre-test and post-test scores of academic
achievement of math in test group, dependent t-test was used.
Since the level of significance is smaller than 0.05 error level
(0.05 > 0.006), so there is statistically a significant difference
between the mean score of the pre-test and post-test of academic
achievement of math in the test group with t = -2.83, by observing
mean, the mean pre-test score is more than post-test scores.

In order to compare pre-test and post-test scores of academic
achievement in the control group, dependent t-test was used. Since
the level of significance is smaller than 0.05 error level (0.05 >
0.006), so there is statistically a significant difference between the
mean score of the pre-test and post-test of academic achievement
in the control group with t = -3.61, by observing mean, the mean
pre-test score is more than post-test scores.

According to the results, that both in the pre-test and post-test
there is a significant difference in both control and test groups, we
conclude that the problem-solving based method is influential on
academic achievement, so in answer to the first hypothesis about
the effect of problem-solving based methods compared to tradi-
tional math achievement, it can be said that there is a statistically
significant difference between the means of two groups and sub-
jects of the test group that has been trained using problem-solving
based methods, had a higher academic achievement than subjects
of the control group who underwent conventional training.

In explaining the findings, we can say that critical thinking and
problem solving in nature are the same thing and both are consid-
ered a variety of thinking skills. According to Seifert, critical-
thinking deals with thinking process and problem-solving deals
with product or the result of thought, and many psychologists have
proposed the same teaching and learning process for it [14], so
considering the characteristics of problem-solving based methods,
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learner-centered, activity in small groups of learning, the facilitat-
ing role of the trainer, dealing with the real issues, the problem as
a tool for self-regulation and a means of gathering knowledge
during learning process, a certain dynamism is created in the
classroom, therefore, students who have been trained with this
technique and gained a trend that can study regularly an issue
from the different perspective with a passion and are more willing
to identify various solutions and regular examinations and in gen-
eral, gain special emotional readiness to deal with complex issues
and assignments.

Given that in the problem-solving based methods, students are
responsible for their own learning as well as other groups. There-
fore, they interact with each other, and they learn better with in-
cluding in the position of learning and problem solving. On the
other hand, the nature of concepts and mathematical topics also
facilitates teamwork and by teaching each other and helping poor
students, besides improving the learning of average and poor
groups also improved their learning. This way of learning to pro-
vide an opportunity for thinking, creativity, critical thinking and
interactive experience of students with each other and leaves a
positive impact on their academic success, something that tradi-
tional and direct methods are lacking it.

It should be noted that conclusion about the findings of the first
research hypothesis is in line with findings of Khalkhali [13],
Fathiazar [16], Slavin [17], Kennedy and Seirafi (quoting from
Qodrati, [18]), Khoshbakht [19] and Keramati [20]. Since the
research conducted in the academic achievement of math was not
enough, in more general state, matters related to academic
achievement are used.

3.2. Second hypothesis

HO: problem-solving based methods compared to conventional
traditional methods has no effect on critical thinking among stu-
dents.

H1: problem-solving based methods compared to conventional
traditional methods had a greater impact on critical thinking
among students.

To test this hypothesis, independent t-test and dependent t-test
were used. Results are presented using the following tables.

Table 7: Results of Analysis of Levine's Test for Scores of Critical Think-
ing and Its Components in Students of Test and Control Groups in Pre-
Test

(8) since the significance level in the deduction component is less
than 0.05 error level (0.004 < 0.05), so pretest mean score of de-
duction in the two control and test groups is the statistically differ-
ent and mean score of pre-test of deduction in the test group is
higher than the control group. Assuming unequal variances in total
scores of critical thinking as the significant level of critical think-
ing in the total score is greater than the error level 0.05 (0.05 <
0.23). So there was statistically no significant difference between
the mean score of the scores of pre-test the total score of critical
thinking in both control and test groups.

Table 8: The Differences in Mean Scores of Critical Thinking and Its
Components in Students of Test and Control Groups in Pre-Test

Components Group N M SD T DF Sig
. Control 90 6.60 1.86

Deduction Test 90 737 160 -295 178 0.004

Identifying  Control 90 736  1.83

assumptions  Test 90 727 179 032 178 0.74

. Control 90 7.28 194
Deduction Test 90 712 162 0.58 178 0.56

Control 90 7.18 2.24
Test 90 7220 18 O 178 088

Evaluation of Control 90 7.27 2.16

Interpretation

logical argu- -1.07 178 0.28
TR Test 90 7.59 1.82
Total score  Control 90 35.66 6.19
(Critical -1.18  156.92 0.23
Thinking) Test 90 36.59 4.21

Table 9: Results of Analysis of Levine Test for Scores of Critical Think-
ing and Its Components in Students of Test and Control Groups in Post-
Test

Variable Group Number Sig F
. Control 90
Deduction Test 90 0.21 1.45
Identifying assump- Control 90
tions Test 90 0.56 0.32
. Control 90
Induction Test 90 0.09 2.79
. Control 90
Interpretation Test 90 0.14 2.17
Evaluation of logical Control 90 0.08 303
arguments Test 90
Total score Control 90
(Critical Thinking)  Test 90 0.000 2021

Variable Group N Sig F

Deduction Zisnttml gg 065 020
Identifying assumptions -Cr:f)sr:trol gg 0.30 1.05
Deduction -Cr:zsr:trol gg 0.48 0.48
Interpretation I:isr:trol gg 0.69 0.15
Evaluation of logical arguments I:Zsr:trol gg 0.29 1.09
(Tg:ilucsglo Thinking) fonttm. 38 046 053

Table 10: The Difference between Mean Scores of Critical Thinking and
Its Components in Students of Test and Control Groups in Post-Test

Components Group N M SD T DF Sig

To compare mean scores of pre-test of critical thinking and its
components in both control and test groups, independent t-test was
used. Levene test results in Table (7) showed the equality of vari-
ances in the critical-thinking components and inequality of vari-
ance in the total score of critical thinking. Assuming equal vari-
ances in the components of critical thinking, according to table (8)
since the significance level in components (identifying assump-
tions, inferences, interpretation and evaluation of logical argu-
ments) are greater than the error level 0.05, so there is no statisti-
cally significant difference between the mean scores of pre-test of
components (identifying assumptions, inferences, interpretation
and evaluation of logical arguments) in both control and test
groups, on the other hand, according to the t test results in table

Test 907.96 1.82
Control 90 7.67 2.01 1008 178 0.31

Test 90756 2.01
Control 90 7.41 1.81 U0 Ol

Test 908.04 1.98
Control 907.73 180 110 178027

Test 90772 1.92
Control 908,04 198 -0 178027

Test 908.04 2.00
Control 908.02 1.90 OO S O
Total score Test 90 39.50 4.76

(Criical Thinking) Control 903861 438 -0 178 049

Deduction

Identifying assumptions
Deduction
Interpretation

Evaluation of logical arguments

To compare mean scores of post-test of critical thinking and its
components in both control and test groups, independent t-test was
used. Levene test results in Table (9) showed the equality of vari-
ances in the components of critical thinking and critical-thinking
total score. According to the t test results in Table (10) assuming
the equal variances in the components of critical thinking and total
scores of critical thinking, since the level of significance in the
components of critical thinking and critical-thinking total score is
greater than 0.05 error level, so there was statistically no signifi-
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cant difference between the mean scores of the components of
critical thinking and critical thinking in both control and test
groups.

Table 11: The Differences in the Mean Scores of Critical Thinking and Its
Components in Pre-Test and Post-Test

Group Components Test N M SD T F  Sig
Test . Pre-test 90 6.60 1.86
Deduction Post-test 90 7.96 182 534 89 0.000
Assumptions Pre-test 90 7.36 1.83
of recogni- -0.73 89 0.46
tion accuracy Post-test 90 7.56 2.01
. Pre-test 90 7.28 1.94
Deduction Post-test 90 804 198 -2.81 89 0.006
. Pre-test 90 7.18 224
Interpretatlonpost_test 90 772 192 -1.97 89 0.05
Evaluation of Pre-test 90 7.2 2.16
logical ar- -2.93 89 0.004
guments Post-test 90 8.04 2.00
Total score  Pre-test 90 35.66 6.19
(Tchrl'rfl'fl?]g) Post-test 90 39.50 476 C°2 89 00001
Control . Pre-test 90 7.37 1.60
Deduction Post-test 90 7.67 201 -0.99 89 0.32
Identifying Pre-test 90 7.27 1.79
assumptions Post-test 90 7.41 1.81 052 89 059
. Pre-test 90 7.12 1.62
Deduction Posttest 90 7.73 1.90 -2.28 89 0.02
. Pre-test 90 7.22 1.82
Interpretatlonpost_test 90 804 198 -3.18 89 0.002
Evaluation of Pre-test 90 7.59 1.82
logical ar- -1.59 89 0.11
guments Post-test 90 8.02 1.90
Total score  Pre-test 90 36.59 4.21
(Critical -3.47 89 0.001
Thinking) Post-test 90 38.61 4.38

In order to compare the scores of pre-test and post-test of the criti-
cal-thinking components and critical-thinking total score, depend-
ent t-test was used in the test group. Because the significance level
of components (inference, deduction, interpretation, evaluation of
logical arguments) and total score of critical thinking is less than
the error level 0.05, so there is statistically a significant difference
between the mean scores of pre-test and post-test (inference, de-
duction, interpretation, evaluation of logical arguments) and total
score of critical thinking in the test group. By observing the means,
the mean score of post-test is more than pre-test. Also, because the
significance level of components (identification premises) is
greater than the error level 0.05, so there is no significant differ-
ence between pre-test and post-test mean scores of components
(identification of premises) in the test group.

In order to compare the scores of pretest and post-test of the criti-
cal-thinking components and critical-thinking total scores in the
control group, dependent t-test was used. Because the significance
level of the components (inference and interpretation) and total
score of critical thinking is smaller than the error level 0.05, so
there is statistically a significant difference between the mean
scores of pre-test and post-test components (inference and inter-
pretation) and total score of critical thinking in the control group.
By observing means, the mean score of post-test is higher than
pre-test. Also, since the significance level of components (infer-
ence, recognition of assumptions and valuation of logical argu-
ments) is greater than 0.05 error level, so there is no significant
difference between the mean scores of pre-test and post-test com-
ponents (inference, recognition of assumptions and valuation of
logical arguments) in the control group.

Due to the results of differences in pre-test and post-test as well as
test and control groups, we conclude that problem-solving based
methods are effective on some of the components of critical think-
ing and critical-thinking total score.

According to the results mentioned in the analytical in this study,
the significance of differences between the means of two test and

control groups was shown using the t-test. So in answer to the
second hypothesis about the effect of the problem-solving based
methods compared to conventional traditional methods of students,
it can be said that there is statistically a significant difference be-
tween the two groups and subjects of the test group that has been
training using problem-solving based methods, have higher critical
thinking than the control group who underwent conventional tradi-
tional methods (confirming research hypothesis and rejecting the
null hypothesis).

Therefore, the results of the present study show that the problem-
solving method based learning approaches resulted in develop-
ment and preparedness of critical thinking in inference and inter-
pretation in students, in other words, students who have been
trained through problem-solving based learning techniques are
more matured in perception, inference and interpretation than
those who were trained with traditional methods. On the other
hand, problem-solving based methods are not effective on other
components of critical thinking, i.e. identifying the assumptions
and valuation of logical argument and no significant differences
were observed in these parameters in both groups of students.

It should be noted that this result is consistent with the findings of
previous research in this field such as Magnussen et al. [6], Young
blood and Beitz [7], and Garside [8], Tynjala [9], Babamohadi and
Khalili [13], Karabenick and Collins [21], Dennick and Excely
[22], Baumberger [23], Norris [24] and Bahmani et al. [25].

3.3. Extra findings

To compare the differences between pre-test and post-test mean
scores of academic achievement of math and critical thinking in
two groups of male and female students, t-test was used. Results
showed that there is statistically no significant difference between
the mean scores of academic achievement of math, critical think-
ing between male and female students.

In order to compare the pre-test scores of academic achievement
of math and critical thinking in students based on universities
(IAU, PNU, HEC) ANOVA test was used. The results indicate
that there is a significant difference between the difference of
mean scores of pre-test and post-test of critical thinking in the
Islamic Azad University and Higher-Education Center (p = 0.001)
and students' critical-thinking mean score in Higher Education
Complex is higher than Islamic Azad University.

4. Discussion and conclusion

According to the results presented, it can be concluded that the use
of problem-solving based methods, and its various styles can im-
prove the academic achievement of students' critical thinking and
help them in achieving educational goals, thinking about the mate-
rial presented in textbooks, engaging in situations and learning
experiences and avoiding rote memorization of content, promoting
self-learning ability, critical-thinking skills, promoting systemized
learning level, improvement of social and leadership skills, prepar-
ing for a role in social activities, a better attitude toward school
and learning and more.

This approach while reducing the volume of lectures by teachers
in classrooms, can play a guiding role and supervision in the pro-
cess of teaching and learning and thereby increase the chance of
interaction between faculty and students and convert the one-way
classrooms to classes full of vitality and conference between
teacher and student. In addition, this approach provides learning
experience and learning opportunities for students and fields to
reduce the volume of problems of non-normative learning and
entry into the modern world of technology.

4.1. Recommendations
1) Universities and scientific centers are better to hold scien-

tific meetings and workshops and make teachers and educa-
tors familiar with the general principles of problem-solving
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based methods, so that they can use in the classroom during
training.

2) The teaching method is mostly used in teaching where
teaching - learning in them requires the participation and in-
teraction of students and teachers, so that while placing stu-
dents in problem-solving situations, makes the possibility of
interaction between them and teachers and develops the crit-
ical-thinking skills and teamwork and collaboration with
students and....

3) Learners' critical thinking abilities shapes during study and
with the help of teacher, so based on the long-term critical
thinking, it is better to start from schools and early years of
education.

4) The effects of problem-solving based methods on creative
thinking and other social behaviors of students, especially in
the society and family should be studied and reviewed.
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