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TSGR s RET e Mo o J[Yea{/sEF Chemistry plays a fundamental role in human civilization and its place in

economics, politics and life is becoming more and more prominent and covers a wide range of chemical
products such as drugs, dyes, fertilizers, etc. However, the environmental damage caused by it is a major
human concern. Many of us today take steps to reduce environmental impact, for example by participating
in chemical recycling programs and using energy-saving light bulbs; we buy local products and maybe
drive hybrid cars. But what if "we could somehow prevent pollution from the start?" Thus, with a new
approach called green chemistry, chemists are being led to a new phase of research activities to develop
green reactions and use them instead of the old methods, to help human health and society by eliminating
toxins from chemical processes. The purpose of this research is education of green chemistry through the
curriculum related to the principles of green chemistry in General Chemistry Lab 1and the effect of this
educational course on learning and attitude of the pre-service chemistry teachers toward green chemistry
principles.

m This educational course involves two green experiments implemented according to green
chemistry principles. The experiments include determination of molar mass relation in a chemical reaction
and determination of the amount of ascorbic acid in a tablet of vitamin C. The research methods are
practical, experimental and quasi-experimental and the used instruments were the researcher-constructed
tests in the field of learning and attitude domain. Statistic population of this study consists of experimental
group (N=30) and control group (N=30) of the student teachers at Shahid Rajaee Teacher Training University
in the academic year 2017-2018. Data analysis was done using descriptive and inferential statistics with SPSS
software.

m The obtained results show that among12 principles of Green Chemistry, students have learned
the principles of 1 to 4 and 7 to 12 of these 12 principles and they have been attracted to them. In addition,
the implementation of a curriculum related to the principles of green chemistry has had a positive impact
on the attitude of the pre-service chemistry teachers.

Findings from the research show that teaching the principles of green chemistry can be
done based on the activity-oriented approach in the chemistry curriculum as in most developed countries.
Student-teacher education can lead them to develop a positive attitude towards green chemistry and to
have more motivation and desire to study chemistry based on the principles of green chemistry and to
pass this attitude on to their students in the teaching process. Also, in designing the curriculum, it should
be noted that in the sequence of practical activities, it should be done in such a way that it includes all the
principles of green chemistry so that education based on it can give all the principles of green chemistry to
learners or give them a positive attitude.
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Table 1: Differential factor, difficulty factor & in-line coordination of achievement
test of principles of green chemistry

Num. Differential Difficulty factor 1-p
question factor (D) (P) (Q)
1 0.125 0.53 0.46

2 0.375 0.56 0.43

3 0.375 0.56 0.43

4 0.125 0.36 0.63

5 0.125 0.43 0.56
6 0.500 0.33 0.66
7 0.125 0.43 0.56
8 0.125 0.63 0.36
9 0.250 0.50 0.50
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Table 2: Attitude toward green chemistry scales

Subscale

Item

Subscale 1: liking for green chemistry theory

| like green chemistry more than any other school subjects, lessons.

Green chemistry lessons are interesting.
Green chemistry is one of my favorite subjects.

Subscale 2: liking for green chemistry laboratory work

I like to do green chemistry experiments.

When | am working in the green chemistry lab, | feel | am doing something important.
Doing green chemistry experiments in school is fun.

Subscale 3: evaluative beliefs about school green chemistry

Green chemistry is useful for solving everyday problems.

People must understand green chemistry because it affects their lives.
Green Chemistry is one of the most important subjects for people to study

Subscale 4: behavioral tendencies to learn green chemistry

I am willing to spend more time reading green chemistry books.

I like trying to solve new problems in green chemistry.
If I had a chance, | would do a project in green chemistry.
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Table 3: Pre-test- post-test design

Studied Independent

Number . Pre-test Post-test
groups variable
Experimental 30 X v
Control 30 -
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Chart 1: Comparison of mean scores of students in pre- and post-tests of
principles of green chemistry by experimental and control groups
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Chart 2: Mean scores of pre- and post-tests by experimental and control groups in
scales of attitude toward green chemistry test.
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Table 4: Results of levene’s test & t-test for pre-test questions between control and experimental groups on achievement test of principles of green chemistry

Exam Levene's test for equality of . .
Variances variances T-test for equality of means (95%)
Pre-test F Sig. t df Sig. (2-tailed) Mean difference
Assumed 1.738 58 0.078 0.0333
3.407 0.070
Not assumed 1.738 51.568 0.088 0.0333
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Table 5: Results of levene’s test & t-test for pre-test between control and experimental groups on sub-sections of achievement test of principles of green

Chemistry
12 principles Levene's test for equality of variances T-test for equality of means (95%)
of green Variances Mean
chemistry F Sig. t df Sig. (2-tailed) difference
Assumed -0.576 58 0.567 -0.066
Principle 1 1.329 0.254
-0.576 57.631 0.567 -0.066
Not assumed
Assumed -2.021 58 0.048 -0.166
Principle 2 0.073 0.788
-2.021 55.829 0.048 -0.166
Not assumed
Assumed 2.569 58 0.013 0.141
Principle 3 3.808 0.056
2.569 54.602 0.013 0.141
Not assumed
Assumed 1.757 58 0.084 0.0726
Principle 4 3.837 0.055
1.757 53.474 0.085 0.0726
Not assumed
Assumed 0.000 58 1.000 0.000
Principle 6 0.000 1.000
0.000 53.00 1.000 0.000
Not assumed
Assumed -0.293 5858 0.770 -0.011
Principle 7 0.579 0.450
-0.293 56.766 0.770 -0.011
Not assumed
Assumed -1.997 58 0.051 -0.114
Principle 8 0.291 0.591
-1.997 54.809 0.051 -0.114
Not assumed
Assumed -0.308 58 0.759 -0.0095
Principle 9 2.175 0.146
-0.308 57.295 0.760 -0.0095
Not assumed
Assumed -1.997 58 0.051 -0.114
Principle 10 0.291 0.591
-1.997 54.809 0.051 -0.114
Not assumed
Assumed -0.308 58 0.759 -0.0095
Principle 11 1.329 0.254
-0.308 57.295 0.760 -0.0095
Not assumed
Assumed -0.637 58 0.527 -0.066
Principle 12 0.073 0.788
-0.637 57.095 0.527 -0.066

Not assumed
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Table 6: Results of levene’s test & t-test for pre-test & post-test of experimental group after the first experiment on achievement test of principles of green chemistry

Exam Levene’s test for equality of variances T-test for equality of means (95%)
Variances Mean
Pre-test F Sig. t df Sig. (2-tailed) difference
&
first Post-test Assumed 8.962 58 0.00 0.179
1.435 0.236

Not assumed 8.962 49.800 0.00 0.179
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Table 7: Results of levene’s test & t-test for pre-test & post-test of experimental group after the first experiment on sub-sections of achievement test of principles of green
chemistry

12 principles of

Levene's test for equality of variances

T-test for equality of means (95%)

reen chemist Variances
g v F Sig. t df Sig. (2-tailed) Mean difference

Princiole 1 Assumed -0.850 58 0.399 -0.100
rinciple 2.882 0.095

Not assumed -0.850 57.331 0.399 -0.100

Assumed -2.398 58 0.020 0.833
Principle2 0.006 0.941

Not assumed -2.398 55.440 0.020 0.833

Princiole 3 Assumed -4.561 58 0.00 -0.212
P 1.764 0.189

Not assumed -4.561 57.873 0.00 -0.212

Princioled Assumed -5.252 58 0.00 -0.209
rinciple 4337 0.042

Not assumed -5.252 54910 0.00 -0.209

Princiole 6 Assumed -1.351 58 0.182 -0.166
incip 6.173 0.016

Not assumed -1.351 57.264 0.182 -0.166

Princiole7 Assumed -4.877 58 0.00 -0.181
P 0.240 0.626

Not assumed -4.877 57.213 0.00 -0.181

Princiole 8 Assumed -3.457 58 0.001 -0.190
rinciple 0.002 0.964

Not assumed -3.457 56.207 0.001 -0.190

Princioled Assumed -6.334 58 0.00 -0.170
incip 0.254 0.596

Not assumed -6.334 56.230 0.00 -0.170

Princiole 10 Assumed -3.457 58 0.001 -0.190
P 0.002 0.964

Not assumed -3.457 56.207 0.001 -0.190

Princiole 11 Assumed -6.334 58 0.00 -0.170
rinciple 0.254 0.596

Not assumed -6.334 56.230 0.00 -0.170

Principle 12 Assumed 16.626 0.00 3791 58 0.00 -0.433
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Table 8: Results of levene’s test & t-test for pre-test &post-test of experimental group after the second experiment on achievement test of principles of green

Exam Levene’s test for equality of variances T-test for equality of means (95%)
Variances Mean
Pre-test F Sig. t df Sig. (2-tailed) difference
&
second post- Assumed 0513 0.477 10.480 58 0.00 0.183
test
Not assumed 10.480 55.280 0.00 0.183
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Table 9: Results of levene’s test & t-test for pre-test& post-test of experimental group after the second experiment on sub-sections of achievement test of principles of
green chemistry

12 principles Levene’s test for equality of variances T-test for equality of means (95%)
of green Variances Mean
chemistry F Sig. t df Sig. (2-tailed) difference
Assumed -2.755 58 0.008 -0.333
Principle 1 9.331 0.003
-2.755 56.604 0.008 -0.333
Not assumed
Assumed 4.042 58 0.00 0.333
Principle2 0.073 0.788
4.042 55.829 0.00 0.333
Not assumed
Assumed 3.643 58 0.001 0.180
Principle 3 1.344 0.251
3.643 57.629 0.001 0.180
Not assumed
Assumed 6.058 58 0.00 0.219
Principle4 0.896 0.348
6.058 57.688 0.00 0.219
Not assumed
Assumed 58 1.00 1.00 0.00
Principle 6 0.00 1.00
Not assumed 58.00 1.00 1.00 0.00
Assumed 5.108 58 0.00 0.185
Principle7 0.030 0.863
5.108 57.699 0.00 0.185
Not assumed
Assumed 4.500 58 0.00 0.258
Principle 8 0.507 0.479
4.500 54.635 0.00 0.258
Not assumed
Assumed 3.357 58 0.001 0.109
Principle9 1.719 0.195
3.357 55.778 0.001 0.109
Not assumed
Assumed 4.500 58 0.00 0.258
Principle 10 0.507 0.479
4.500 54.635 0.00 0.258
Not assumed
Assumed 3.357 58 0.001 0.109
Principle 11 1.719 0.195
3.357 55.788 0.001 0.109
Not assumed
Assumed 3.791 58 0.00 0.433
Principle 12 16.626 0.00
3.791 54.144 0.00 0.433
Not assumed
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Table 10: Results of levene’s test & t-test for attitude toward green chemistry scale in pre-test and post-test of experimental group
Exam Levene’s test for equality of variances T-test for equality of means (95%)
Variances Mean
Pre-test F Sig. t df Sig. (2-tailed) difference
& 5.692 56 0.00 0.516
post-test Assumed
23.788 0.00
Not assumed 5.848 37.175 0.00 0.516
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Table 11: Results of levene’s test & t-test for pre-test & post-test in sub-scales of attitude toward green chemistry scale in experimental group

Attitude Levene’s test for equality of variances T-test for equality of means (95%)
toward green Variances
chemistry Mean
scale F Sig. t df Sig. (2-tailed) difference
Assumed 4.076 58 0.00 0.577
Scale 1 24.471 0.00
4.076 38.124 0.00 0.577
Not assumed
Assumed 3.598 58 0.001 0.550
Scale 2 17.523 0.00
3.598 36.423 0.001 0.550
Not assumed
Assumed 8.253 58 0.00 1.066
Scale 3 10.122 0.002
8.285 44.005 0.00 1.066
Not assumed
Assumed 2.965 58 0.004 0.466
Scale 4 6.156 0.016
2.965 46.585 0.005 0.466

Not assumed
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