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EEC{CITERE M) J[HEY Since the Problem-Based Learning (PBL) is an efficient, well-

accepted, learner-centered method in which the learner is active in the whole process of teaching
and learning, it is a suitable method for teaching mathematical concepts. Nevertheless, the
researchers have pointed out that the implementation of the PBL method in the traditional way
faces serious limitations, such as shortage of financial resources, lack of time, and skilled
educators. Therefore, implementing this method to benefit from the existing facilities in the
electronic space including writing tools, access to shared resources, discussion and exchange of
ideas among students, and sharing opinions and ideas is an undeniable necessity. The main
purpose of the present study is designing a new software program based on problem-based
learning (named as Facilitator Software) and investigating the effect of this software on the
mathematical performance of third-grade high school students. The Facilitator Software was
designed and implemented by consultation with a team of educational and mathematical
technology experts to learn some of the mathematics topics of third-grade high school. This
software provides an appropriate method for teaching mathematical concepts in electronic
environments (e-environments) which results in increasing the students' activity in mathematics,
saving time and educational expenses and providing an opportunity to take ongoing written
examinations for students and online self-assessment in e-environments.

The study was conducted by a random sampling method based on the pretest-posttest
with a control group. As a result, two researcher-made mathematics pre-test and post-test were
devised in the form of eight questions, each of which had 20 marks, from mathematics textbook
of the third grade high school. Data collection was done using a teacher-made achievement test,
with validity and reliability considerations. The content validity of the researcher-made
mathematics tests was examined and verified by the Lawshe method. In addition, to evaluate the
reliability of the mathematics tests, the split-half method was used. For this purpose, statistical
software was used to examine and measure the reliability, based on the split-half reliability
coefficient and, finally, for the mathematics tests, reliability was found to be 0.78. Participants in
this study were 65 male and female students in the third-grade of two public high schools in
Tehran. Based on simple random sampling, the Cochran formula, 32 students were selected as
the experimental group and 31 students were chosen as the control group from one high school
and in the same way, 33 students were selected as the experimental group and 30 students were
chosen as the control group from another high school. The traditional method was used in the
experimental groups and in the control groups the Facilitator Software was used to teach
mathematical concepts. The data were then collected through mathematical tests and analyzed
by exerting analysis of variance and post hoc tests.

The results showed that there is a significant difference between the average scores of
the control groups and those of the experimental groups in their post-test results. The average
scores of the post-test for the experimental groups were higher than those of the post-test for
the two control groups.

On the whole, the findings showed that the idea of designing and using the Facilitator
Foftware with emphasis on BPL in teaching mathematics has been successful and this software
had a positive effect on the mathematical performance of the third grade high school students.
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Table 1: A description of the PBL procedure with emphasis on the
implementation of the Facilitator Software [28]

Steps Overall procedure

Designing and developing a math problem, a

A designed
g K mathematics event or process that is designed by a
mathematics i i X
bl math teacher and gives orientation to the students'
roblem
P mathematics learning activities.
What do we know about this math problem?
. . (Feedback to recall the learned mathematical
Discussion in
knowledge). What do we need to learn to be able to
small groups

solve the mathematical problem, in fact, to identify

the goals of mathematical learning?
Exchange of Have we obtained sufficient and
mathematics

necessary
information from the reliable sources to understand

information the mathematical problem and its solution?
Studying mathematical books and articles, using the
Facilitator Foftware repeatedly, consulting with math
Self-learning teachers or the classmates, asking them questions,

connecting the learned concepts from different
sources to each other.
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Table 2: Descriptive statistics of pre-tests

Pre-test Pre-test Pre-test Pre-test
control group  control group experimental group experimental group
1 2 1 2
Number 31 30 32 33
Mean 14.01 13.83 14.39 14.86
Standard deviation 1.95 1.92 243 1.45
Mode 15 15 15.50 15.50
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Table 3: Descriptive statistics of post-tests

Post-test Post-test Post-test Post-test
control group  control group experimental group experimental group
1 2 1 2
Number 31 30 32 33
Mean 15.64 13.94 17.92 18.33
Standard deviation 2.73 1.70 1.59 1.96
Mode 16.50 15 18 20
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Table 4: The normality test results for pre-tests

Pre-test Pre-test Pre-test Pre-test
control group  control group experimental group experimental group
1 2 1 2
Number 31 30 32 33
Mean 14.01 13.83 14.39 14.86
Standard deviation
1.95 1.92 2.43 1.45
Kolmogorov- Smirnov Z .621 .770 1.083 713
Asymp.Sig.(2-tailed) .835 .593 191 .690
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Table 5: The normality test results for post-tests

Post-test Post-test Post-test Post-test
control group  control group experimental group experimental group
1 2 1 2
Number 31 30 32 33
Mean 15.64 13.94 17.92 18.33
Standard deviation 2.73 1.70 1.59 1.96
Kolmogorov-Smirnov Z 722 .601 .983 1.299
Asymp.Sig.(2-tailed) .591 .863 .288 .069
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Table 7: The result of ANOVA for post-tests

Sum of Degrees of Mean
Indexes F P-value
squares freedom square
Betweenthe  59¢ 5 3 131.75
groups
. 31.40 0.000
Inside the 511.79 122 419
groups

Total 907.05 125
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Table 6: The result of ANOVA for pre-tests

Sum of Degrees of Mean

Indexes P-value
squares freedom square

Between 5338 3 7.79

the groups

Inside the 464.49 122 3.80 2.04 0.11

groups

Total 487.87 125
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Table 8: The results of the homogeneity of variance test

Levene Degrees of Degrees of P_value
statistic freedom 1 freedom 2
3.46 3 122 0.01
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Table 9: The results of the Dunnett's C test

Group Group Mean Standard P-value
difference deviation
error
Post-test 0.70 058 030
control 2
Post-test Post-test
control 1 experimental -2.28 0.56 0.001
1
Post-test
experimental -2.68 0.59 0.000
2
Post-test -0.70 058 030
control 1
Post-test Post-test
control 2 experimental -3.98 0.41 0.000
1
Post-test
Experimental -4.39 0.46 0.000
2
Post-test
Post-test control 1 2.28 0.56 0.001
experimental Post-test 3.08 041 0.000
1 control 2
Post-test
experimental -0.40 0.44 0.93
2
Post-test 268 0.59 0.000
Post-test control 1
experimental Post-test 4.39 0.46 0.000
2 control 2
Post-test
experimental 0.40 0.44 0.93
1
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