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 In order to study the effect of various experimental teaching methods and comparing 

their levels with the pre organized lecture method in the learning rate of chemistry 

theoretical concepts on the high school students, this practical research has been 
performed tentatively. The statistical society in this research is all students of second 

and third grade of high school of mathematics and science study fields. There are 

chosen randomly 100 persons among them as sample. The data are received and 
analyzed by performing a pretest and post test teacher writing test and by using a 

descriptive statistics (frequency table – percentage and diagram) and deductive statistics 

(operational variance analysis, pursuit tests and calculating the maximum significant 
difference). The results showed that the teaching method factor is significant on the 

students learning of chemistry concepts, show the effectiveness of the teaching method 

factor but the other factors as gender, school type and field of study are not significant 
and not effective on the learning rate. Among the various levels of teaching method, the 

experimental method in comparison with the lecture method has the higher average 

score and it is more effective on the learning rate. Also among the various levels of 
experimental method, using the excavator model was significant so concluded that 

experimental method with the excavator model has the more influence on the learning 

rate. Considering the essential role of laboratory on the science education, we suppose 
that the experimental activities should be added to the school syllabus and it should 

verify the students‟ activities in the laboratory by teachers because this will construct 
knowledge basis on the students. 
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INTRODUCTION 

 

Various issues have been yet proposed about the effective factors on the learning and teaching process. But 

the recent studies of the effect of teacher role and his (her) teaching method on the learning process, have 

considered that the teacher teaching method and its quality are the main effective factors on the learning 

process. Darling Hamond (2003), according to (Right, horn and rasinke, 1997), showed that there is a positive 

relation between teacher teaching method and students learning rate. The experimental method with the 

excavator model make student ready for an independent learning whose method is based on an active 

participation in the education process (Jouice, B., et al., 1990; Eschnider, B., A. King, 1991) says that 

previously, A.P was considered only in the codification operation but today in the new methods of chemistry 

education, not only the students should be active in the learning process but also excavation process, research 

and problem solving are very important. In the study of chemistry theoretical concepts, there would be some 

questions in students mind which cause him (her) to achieve the essential skills by doing a excavator practical 

work as a scientific method in the laboratory. The results show that schools which expend more time for the 

practical and experimental courses are more successful. Experiments would be as a motivation source for 

students if it is simple, clear and performable (Benet 2003, Miller2004, Times 1999). Research and study is a 

fundamental basis for many practical works. They are an important factor to achieve the scientific development 

way in a country. Most countries and many of universities and scientific centers are evaluated scientifically by 

their educational and scientific researches and studies number and quality. One of the main disadvantages of 

Iran educational system is its theoretical approach and being far from courses or discussions which deal student 

mind to the scientific practical works and researches based on the experiments. The scientific activity helps 

learners to gain a practical understanding of scientific theorems in addition to have a scientific observation and 
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information codification. So they can develop their ability of scientific analysis and interpretation by their new 

subjective models. These types of activities are performed mainly in the laboratory and some time in nature or 

industrial- scientific centers (Badrian, A., 2009). These activities based on experiments make chemistry 

knowledge of learners (Holbrook, J., 2005). Doing experimental works make a research mentality in learners 

which could be a main program to develop their important approaches (Freedman, M.P., 2002). Many of 

educational studies in the field of chemistry education show that it is not possible to memorize the scientific 

facts unless by experiments (peterman2008, Lamba 2006). Although many people believe that teaching method 

has an important effect on learning but persons who are educational responsible do not know all teaching 

methods and their effective performance.  

Finding answers of some questions as “what” and “How” type is the scientist‟s responsibility and 

considering the questions of “why” type is the responsibility of metaphysics specialist or a philosopher. The 

scientists of applied science and technologists have the task of forming them to be used by others. The teacher 

of fundamental science should use all these three groups‟ results in education and giving the codification 

methods (UNICCO, 1986). One of these ways is using the pervasive based educational methods such as 

problem solving teaching method and making intellectual storms in the classroom, especially for fundamental 

sciences as physics and chemistry (miller2000). Due to find a solution, many of psychologists and educational 

programmers have focused on the plans which are more suitable for training favorable human values and habits 

(Taylor, I., and H. Burgess, 1995). Schultz 1969 has concluded about the lecture method that the beginner 

teachers who are more successful in teaching, use a high percentage of discussion notes at the end of course 

(Schultz, J.M. and D.R. Kinloch, 1969). Their success is obtained by various manners to have a more friendly 

relationship between teacher and student and also make clear the important notes. One of the experimental 

researches is done by Dobin and tawijia (1969). In this experiment they compared the students teach by a lecture 

method with students teach by other methods especially group discussion method by the score of their final 

exams. The final results show that the lecture method is more effective in comparison with other methods. In 

another study Mekichi and colic (1975)  have compared the lecture method with group discussion based on three 

factors: real exam, thought level and motivation which result a sufficient effect of lecture method.  

On the other hand there are many claims about the experimental studies value at schools. However the 

researches show that most of students had a negligible learning rate. One of the reasons of this unsuccessfulness 

is that many of students do not know the objective of performed work. The meaning of the objective is that the 

teacher‟s purpose of doing an activity in a specified class and specified time is not clear. Usually the determined 

objective in experimental activities and in the beginning of experiment is an official sentence said about the 

output of experiments but its relation with the experiment objective is not clear. So the student could not 

recognize the relation between experiment and his/her next scientific activities. He would use the mentioned 

objective in the experiment as a stereotype sentence in the report (Mohall Hart – L0kqran Gaston Berry's, 2000).  

Using laboratories and developing the practical skills cause an understanding of main objective of natural 

science. So it makes learners sufficiently motivate and interested to learn science (Vhurumuku, E., et al., 2006). 

In according to science development, on educational activities, we should believe that in the education process 

our duty is not only transferring the scientific facts but also we should prepare a good learning situation. If we 

teach them the learning method, they will learn themselves. By making clear the educational objectives and 

organizing the educational environment, we prepare a background for them to obtain educational skills; the 

learning process would take place automatically (Sha‟bani, H., 2005). Then the most important necessity of this 

research is improving chemistry concepts learning. Learning is defined based on an organized and logical 

method by increasing a more favorable operation in the experimental activities and also increasing the 

motivation of chemistry concepts learning. So we have used these methods as research plan in this study. By 

using the research method principle and statistical methods, we have studied its influence on the students 

learning rate to understand which one of the experimental or lecture methods is more successful in education of 

chemistry concepts.  

 

Teaching methods and taught evaluating principles: 

According to variety of educational and behavioral objectives and also the relative difference of facilities 

and the restrictions of Iran schools and finally the difference of students‟ personal features, we could not pursuit 

a single teaching model to achieve the educational aims. Also we could not prefer a teaching technique to 

another in all situations. Each teaching technique has a characteristic that make it favorable to obtain specific 

educational objectives. It is clear that other factors such as learners‟ characteristics and personality, teacher‟s 

skill and knowledge of teaching aims, having suitable sources and facilities, number of students in each class, 

the determined educational time and especially the quality of questions in final exams have the effects on 

choosing a teaching technique.  

As a proposed method for evaluating the students learning rate in chemistry course, the teacher could 

perform his/her evaluations based on behavioral factors and in cognitive scopes and training the practical skills 

and obtaining some human values, according to defined objectives for students.  
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These factors could be as the same as below: 

1. The rate of precision, diligence, readiness for spending time and energy due to presenting a satisfied 

plan. 

2. Variety rate of references used and plan universality. 

3. Effort rate to suggest scientific learned especially chemical one with the help of art fields. 

4. Having a logical discipline and delicacy in working 

5. Making a favorable and new plan for others (Khalkhali, M., 1983). 

 

Experimental activities: 

Experimental activities could be used to improve the scientific treatment, excavator and developing 

technical skills and concepts (coubla 1998). Always, laboratory is recommended for teaching all science fields. 

During some periods of science education history, laboratory had an essential role. This modification in the 

science education methods has been begun from 60‟s. So some of science teachers have felt that a big part of 

science teaching should be guided via laboratory and from 60‟s the course programmers have emphasized on the 

excavating of science process. They believed that working on a problem at laboratory is more important than 

taking results in a classroom. Because there are always some doubts on the experimental works, they supposed 

that it should be more stress on the data processing and predictions and a less stress on the correct answers 

(Huard, P.P., 1964). 

Hurd supposed that on experimental work in a class one should focus on the important ideas and also it 

should take the textbook in priority (Huard, P.P., 1964). It is also confirmed that the experimental activity 

should based on examples, descriptions and proofing (Lunette, V.N., et al., 2007). Chemistry as an experimental 

science is one of the important branches of applied science. It has a conceptual structure as well as an 

approachable one. Knowing the approachable structure as knowing how to produce chemistry knowledge not 

only causes a significant and stable learning but also it improves students, intellectual and scientific skills 

(Soltan beigi, M.M., 1999). This method is based on the learning excavator principle. In this method, students 

experience directly by experiments. It means that the teacher teaches them nothing directly but he/she prepared a 

situation and condition in which the students would study by experiments and they would discover the problem 

solution. The experimental method could increase the learning qualification and also it could be a motivate 

factor for educational activity. This method is very interesting for students by satisfying their curiosity and 

improving their excavating and inventing ability. So they would be less tired. The role of teacher in this method 

is leading students and verifying their works (Sha‟bani, H., 2005). 

 

Experimental method: 

The experimental teaching method is a manner which has the most focuses on the first information obtained 

from experimental activities. In fact the experimental teaching method is an expanded model of applied methods 

(Holstein, A and V.N. Lunette, 2004). The experimental activity is work of central core and basis of science 

education. By using experiment, the various educational steps would be imprinted easily in the student mind. 

Also the interest of working in a group, report preparing, having experiences, data analyzing would be improved 

in student mind (Aghzadeh, M., 2005). The most considering items before doing an experiment are: 

1. The experiment instruments should be prepared and organized before teaching. 

2. During experiment, the instruments should be put on the experiment box and the additional instruments 

should be put in the box, which concentrate students on their work.   

3. Before experiment, in order to be sure of results, it should do once experiment practically. 

4. Take in to attention all students before experiment and doing it in a manner that all students could see it 

easily. 

5. During experiment performing, one should use the other methods as lecture one (Sha‟bani, H., 2005). 

The objectives of this study are as below: 

1. Study the effect of experimental and lecture teaching methods on the students learning rate of 

chemistry theoretical concepts. 

2. Comparing the effect of each of two teaching methods on the students learning of chemistry theoretical 

concepts. 

3. Study the effect of gender, field of study (science, mathematics), type of school on the learning rate of 

chemistry theoretical concepts. 

So the hypotheses of this study are defined as below: 

 

The essential hypothesis: 

The effect of various levels of teaching method on the learning of chemistry theoretical concepts is the 

same. 

 
The secondary hypotheses: 
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1. The effect of different levels of student‟s gender on the learning of chemistry theoretical concepts is the 

same.  

 
2. The effect of various levels of educational fields on the learning of chemistry theoretical concepts is the 

same. 

 
3. The effect of various levels of high school type on the learning of chemistry theoretical concepts is the 

same. 

 
 

Method: 

This study is an applied one and its method is based on the experimental data processing. It is performed as 

a past test by a control group. Test operators and regression have no meaning. The option and maturity factors 

are well controlled but there might be some errors on the internal plan validity because of concurrency, 

measurement instruments and experimental fluctuations. We have chosen the operational plans in this study and 

because the samples are chosen absolutely randomly so the operational plan is an absolute complete one. 

 

Society, sample and sample processing: 

The statistical society studied in this research is the students of second and third grade of mathematics and 

science fields of high schools of 12
th

 zone of Tehran city, containing public as well as non-profit schools. 

Since this is an experimental research and the sample volume could be between 30 – 60 persons, we have 

considered 100 persons as samples for the reason having a high precision and validate study. The sample 

processing is a simple random one. Finally the results of final scores have been analyzed and discussed for 

electrolyte concept as one of the chemistry theoretical concepts. 

 

Research instrument: 

In order to determine the validity of teacher made test concepts which contain 14 questions, we have used 

the opinion of executer teachers. Then we prepared a text about the learning of chemistry education. In order to 

determine its stability, we used a correctional stability method. The correlation index of two sets of final scores 

was done by Spss software and via Pierson method since we had qualitative data. With a certainty of P=99% 

and α=1% we have found r=0.983. 

 

Descriptive statistics: 

As shown in table1, for a sample of 100 persons, the maximum and minimum scores are 20 and 7 with the 

abundance of 3% and 2% respectively. The maximum average is for group 4 and the minimum average 

corresponds to group 1. The maximum variance of scores has been seen in group1. As we can see the average 

score of experimental method is more than lecture method‟s.  

 
Table 1: Experimental groups and their final scores 

group number amplitude Maximum 
scores 

Minimum 
scores 

sum average Standard 
deviation 

variance 

Science2-         

lecture method 

25 13 7 20 352.75 14.11 3.12 9.79 

Science1-
experimental 

method 

25 12.5 7 19.5 364.25 14.57 3.11 9.7 

Mathematics2- 
lecture method 

25 7.25 12 19.75 419.5 16.78 2.24 5.04 

Mathematics1-

experimental 

method 

25 7.75 12.25 20 425 17 2.36 5.58 

sum 100 13 7 20 1562.25 15.62 3 9 

 

Deductive statistics (data analysis): 

Table2 shows that there is some data for each factors‟ levels. We can see that the four, method, study field, 

gender and school type factors are considered in two levels and with equal numbers. 

This table shows that for each factors, the factors‟ interaction, error,… as variation source, SS, MS and 

degree of freedom values are calculated. By this table which is deduced by an operational analyzed method, and 

Spss software, we can verify the principal and secondary hypotheses. 

Due to table2 the critical F value with degree of freedom F(84,1) is equal to : 

df(1,84)  α=0.05   = 3.94 
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Since the teaching method factor has the great influence, we can verify in which level it has the greatest 

effect. We should eliminate the factor with the high „‟sig‟‟ value from the model. So the factor and interaction of 

method-study field-gender would be eliminated. 

Now we study the inter-thematic factors and tests of the effects of themes by spss software and elimination 

of factor with high “sig” value means: interaction of method-study field-gender-school. The result of this study 

is presented as table3. 

 
Table 2: Tests of the effects between subjects  

Variation source Sum of third type squares (ss) Degree of 
freedom (df) 

Mean squares 
(ms) 

F F significant 
rate (sig)  

Corrected model 7229.275 15 381.18 506.2 004.0 

intercept 266.18798 1 266.18798 508.2562 000.0 

method 559.108 1 559.108 798.14 000.0 

Study field 030.0 1 030.0 004.0 949.0 

gender 802.23 1 802.23 245.3 075.0 

school 313.0 1 313.0 043.0 837.0 

Method-study field 669.2 1 669.2 364.0 548.0 

Method- gender 899.18 1 899.18 576.2 112.0 

Study field- gender 079.0 1 079.0 011.0 918.0 

Method- gender- study 

field 

347.0 1 347.0 047.0 828.0 

Method- school 224.2 1 224.2 303.0 583.0 

Study field- school 449.0 1 449.0 061.0 805.0 

Method- study field-
school 

168.30 1 168.30 112.4 046.0 

Gender- scool 093.2 1 093.2 285.0 595.0 

Method- gender- school 787.13 1 787.13 879.1 174.0 

Study field-gender- school 140.17 1 140.17 336.2 130.0 

Method-study field- 
gender-school 

008.0 1 008.0 001.0 973.0 

error 216.616 84 336.7 - -- - -

sum 188.25298 100  -  -  -

Corrections sum 937.891 99  -  -  -

(y=dependent variable, a =0.309, modified =0.186) 

 
Table 3: Test of inter-thematic effects by elimination of the factor with high significant rate.  

Variation source Sum of third type 

squares (ss) 

Degree of 

freedom (df) 

Mean squares (ms) F F significant rate (sig) 

Modified model 1179.187 4 779.46 305.6 000.0 

intercept 251.24406 1 251.24406 627.3289 000.0 

School grade 5900.16 1 59.16 236.2 418.0 

Study field 151.3 1 151.3 425.0 516.0 

gender 106.17 1 17/6 293.2 133.0 

school 47.2 1 4.2 333.0 565.0 

method 400.147 1 400.147 312.22 000.0 

error 820.704 55 419.7  

total 88.25298 60  

Sum of corrections 93.891 59 

(y=dependent variable, a =0.21, modified =0.177) 

 

By verifying table3 we can see that the significant rate of study field, gender and school factors is more than 

0.05. So we can consider them as zero. But the significant rate of method factor is smaller than 0.05 so we can 

not considered it as zero. Now in order to find which of method factor levels has more difference with the other, 

we use one of Post Hoc tests such as LSD. 

 
Table 4: test of thematic effect in groups  

Variation source Sum of third type 
squares (ss) 

Degree of 
freedom (df) 

Mean squares (ms) F F significant rate (sig) 

Modified model 979.167 3 969.55 421.7 000.0 

intercept 251.24406 1 251.24406 054.3236 000.0 

Group (method) 907.167 3 969.55 421.7 000.0 

error 030.724 56 542.7  

total 88.25298 60 542.7 

Sum of corrections 937.891 59  

(y=dependent variable, a =0.188, modified =0.163) 
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Table 5: multiple comparisons based on average values (Post Hoc Tests) 

Method group I Method group J I-J mean 

difference 

Variance error Significant 

rate  

Certainty distance 

Upper range Lower range 

LSD 

a 

a 

c 

d 

4600.0 

46.2 *-

21.2 *-

77676.0 

77676.0 

77676.0 

555.0 

002.0 

005.0 

0019.2 

918.0 -

6681.0 

0819.1 -

0019.4 -

7519.3 -

b a 
b 

c 

4600.0 -
92.2 *-

67.2 *-

77676.0 
77676.0 

77676.0 

555/0 
000/0 

001/0 

0819.1 
3781.1 -

1281.1 -

0019.2 
4619.2 -

2119.4 -

c a 
b 

d 

46.2 *
92.2 *

2500.0 

77676.0 
77676.0 

77676.0 

002.0 
000.0 

748.0 

0019.4 
4619.4 

7919.1 

9181.0 
3781.1 

2919.1 -

d a 

b 
c 

21.2 *

67.2 *
2500.0 

77676.0 

77676.0 
77676.0 

005.0 

001.0 
748.0 

7519.3 

2119.4 
2919.1 

6681.0 

1281.1 
7919.1 -

Bilateral t , a 

group in control 

b          a 

c         a 
d         a 

4600.0 -

46.2 *
21.2 *

77676.0 

77676.0 
77676.0 

884.0 

006.0 
015.0 

3933.1 

3139.4 
0639.4 

3139.2 -

6061.0 
3561.0 

(y=dependent variable,*=0.05 (table of post events test) significant level difference) 

 

The basis of our observation in table 5 is the average values. The averages difference is significant in 0.05. 

“a” is considered as control group in test “t” and we have compared groups with this value.  

In this table the difference of dependent variable average (learning) in each level of teaching method factor 

is presented in the (I-J) column. The star sign (*) in the right hand of numbers in this column means that the I 

and J levels have a significant difference of 0.05 so that we could see this significant difference between lecture 

teaching method of science group2 (a) , experimental teaching method of science group1 (c) and mathematics 

group2 (d). It means that this difference seen between group (a) and group (c) and also group (a) and group (d) 

significantly. Also there is a same significant difference between groups (b) and (d) as well as groups (b) and 

(c). Totally we can conclude that there is a significant difference of order of 0.05 between lecture and 

experimental teaching methods in the groups of same or different study fields. The variance of average 

difference is the same for all groups. The (sig) column shows “F” significant value of level difference of 

teaching method factor which are significant for a rate of α<0.05. The two last columns show the upper and 

lower ranges of certainty distance of average difference of teaching method factor. The maximum value of 

average difference has been seen for the comparison of experimental and lecture teaching method of science 

group1 and mathematics group 1 respectively. On the other hand it is shown that the maximum difference value 

of score average was for the experimental method with lecture method. 

 

Study of the principal hypothesis: 

The effect of various levels of teaching methods on the learning rate of chemistry theoretical concepts is the 

same. 

 
Since the significant value is less than 0.05, the various levels of teaching method factor are not the same so 

we could refuse the equality hypothesis of its various levels and by a certainty of P=100 we could consider it as 

a significant value. The zero value assumption is not acceptable. We could confirm the H1 hypothesis which 

means that the teaching method factor is effective on the learning rate. According to teaching method factor, the 

score distribution is not normal.  

 

 

 

 
 

Study of secondary hypotheses: 

1. The effect of gender various levels on the learning rate of chemistry theoretical concepts is the same.  

 
Since the significant value of gender factor is 0.075, more than 0.05, so the zero value assumption would be 

confirmed by a certainty of P=0.925.  , which means that gender factor is not a 

significant value so according to this factor, score distribution is normal which means that gender factor has no 

effect on the learning rate.  

2. The effect of various levels of study field on the learning rate of chemistry theoretical concepts is the 

same. Since the significant value of study field factor is 0.94 and more than 0.05 so the zero value assumption 
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would be confirmed by a certainty of P=0.906. The effect of various levels of study field is the same and this 

factor is not significant and has no effect on the learning rate so the score distribution is normal for this factor. 

 

 
3. The effect of various levels of school type on the learning rate of chemistry theoretical concepts is the 

same. 

Since the significant value of school type is 0.837 and more than 0.05, so the zero value assumption would 

be confirmed by a certainty value of P=0.163 which means that the school type factor is not significant and the 

score distribution based on it is normal. So school type factor has no effect on the learning rate. 

 

 
 

Conclusion: 

The main objective of this research is studying the effect of lecture and experimental teaching methods on 

the students‟ learning rate of chemistry theoretical concepts and comparing the effect of each of these methods 

on the students learning rate. From the results, we can see that the teaching method factor is significant which 

means that this factor is effective on the chemistry concepts learning.  By comparison of scores of two methods, 

the score distribution is not normal which means that various levels of teaching method have not the same 

effect. Between the two lecture and experimental teaching methods, the experimental method has the higher 

score average and is more effective on the learning rate. The result of this study is in accordance with the 

research of (shelenker 1976, shoots 1969, chilkovit 1989, bloom 1953 Harold wit 1996 antrol1999). 

So the principal hypothesis is not confirmed means that teaching method has the effect on the learning rate. 

According to research data analysis, the result shows that the teaching method factor is effective on the 

theoretical concepts of chemistry, but factors such as gender, study field and school type are not effective on the 

learning rate. Also by comparing the average score of four experimental groups, by comparison of pre test and 

post test we can see a significant difference. So the effectiveness of teaching method factor would be confirmed 

in this study. We suppose that by a precise attention to change the teaching models and skills and also by 

preparing facilities which help teachers to know the experimental method correctly, they can use the favorable 

method due to the teaching subject which would be effective on the increasing learning rate. In the study of 

principal hypothesis, this research show that two different levels of teaching method factor are not the same and 

the effect of teaching method is significant so the zero value assumption would not be confirmed which 

concludes that the teaching method factor is effective on the learning rate. 
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