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CHAPTER 3 
 

RESEARCH DESIGN AND METHODOLOGY 
 
3.1. Introduction. 
In chapter two the literature related to the problem investigated was reviewed. 

The main purpose for this was to give a theoretical framework to the study, and 

to outline the current global situation with regard to practical work, as well as to 

give reasons for the suggestion for the use of the microchemistry kits in a 

Mozambican context. 

 

This chapter discusses the strategies, the instruments and the procedures used 

to collect and analyze the data. It also gives an overview of the instruments and 

procedures used to answer the research questions and to attain the aims of the 

study. 

 

In this study, “The strategies used” refers mainly to the research design, which is 

concerned with defining the research paradigm and the methods used in the 

research. It is generally agreed that there are two main approaches to 

educational research, quantitative and qualitative (Yin, 1984; Fraenkel & Wallen, 

1990; Welman & Kruger, 2001). In this research, another paradigm has been 

also considered, which is a pragmatic or eclectic paradigm based on a mixture of 

methods from both qualitative and quantitative stances. 

 

“The instruments” refers to the tools used to collect data. In science education 

the instruments generally used to collect data are questionnaires, interviews, 

diagnostic tests and observation schedules.  

 

“The procedures” refers to methods used to collect data, organize and analyze 

the data collected. Depending on the research paradigm used a research 
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program can employ statistics, detailed descriptions, triangulation of data and 

other methods.  

The strategies, instruments and procedures used to collect the data were chosen 

by taking the nature of the research problem, the research questions and the 

objectives of the research into account.  

 

 

3.2. Research Design. 
Taking the research problem and the approach used to answer the research 

questions into consideration this research relies mainly on a pragmatic paradigm. 

 

While the use of a diagnostic test to analyze learners’ understanding of chemistry 

before and after a certain period of intervention tends to classify the study as 

quantitative research. The manipulation of situations, reliance on statistical 

indices, and preference for obtaining a meaningful sample size, are all features 

considered by Fraenkel & Wallen (1990) and Schumacher & McMillan (1993), of 

a quantitative paradigm.  

 

Within a quantitative paradigm this research can be classified by definition as 

experimental. This is because independent and dependent variables, the 

existence of experimental and comparison groups, and pre-test and post tests 

are all components of the study (Babbie, 1995; Huysamen, 2001, and Welman & 

Kruger, 2001). Nevertheless, the study cannot be fully classified as experimental 

research, because the sample was not randomly chosen. This is normally done 

to equate the units of analysis (in this case the pre-test and post-tests) in terms 

of known and unknown “nuisance variables” (Babbie, 1995; Huysamen, 2001, 

and Welman & Kruger, 2001). Therefore, the research may be considered quasi-

experimental. 

 

The use of a questionnaire as an instrument to investigate both teachers’ and 

learners’ opinions about practical work classifies the study as qualitative. While 
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the study of participants’ feelings, thoughts, beliefs and ideals, the preference for 

narrative description, as well as holistic description of complex phenomena, are 

all aspects considered by Guba & Lincoln (1983), Schumacher & McMillan 

(1993) and Babbie (1995), as features of the qualitative paradigm.  

 

In addition to that, according to Borg & Gall (1989, p. 404): 

“Qualitative methods are probably the best means for discovering 

educational problems and enabling researchers to better understand the 

total environment in which education takes place.” 

 

This research encompasses a pragmatic approach because it uses methods 

from both the quantitative and qualitative paradigm. This methodological 

approach was chosen because it is thought to be the best way of obtaining the 

information required. The decision to choose this method was based on the fact 

that it would enable the research questions to be answered and allow the aims of 

the study to be achieved. 

  

 

3.3. Sampling. 
For the purpose of this study four out of the five government schools available in 

the city of Beira were used. One school was left out because it has been run by a 

private company, and therefore has the features of a semi-private school  

This type of non-probability sampling is known as incidental or convenience 
sampling (Fraenkel & Wallen, 1990; Schumacher & McMillan, 1993; and 

Welman & Kruger, 2001). According to Welman & Kruger (2001, p.62): 

“An accidental sample is the most convenient collection of members of 

population (units of analysis) that are near and readily available for 

research purposes.” 
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The four schools were divided in two groups of two schools each. The first two 

were considered comparison schools (i.e. comparison group), and the other two 

schools were considered experimental schools (i.e. experimental group).  

 

For the purpose of the study, one Grade nine class from each school was used. 

The classes were selected according to availability. These classes were required 

to answer a questionnaire and take a diagnostic test before the intervention. After 

eight weeks of intervention learners from both the experimental and comparison 

groups were required to re-take the same diagnostic test, whilst only learners 

from the two experimental schools were asked to answer a new questionnaire.  

 

All junior secondary school chemistry teachers from the four schools were asked 

to answer a questionnaire before the intervention (Appendix F shows the profile 

of the teachers). After eight weeks of intervention only the two teachers from the 

experimental group were asked to answer another questionnaire. The table 

below gives an overview of the samples used in each school for the diagnostic 

test for learners and questionnaires for teachers and learners. 

 

Table 6: Learners and Teachers Involved in the Study for each School. 
Questionnaires Diagnostic Test 

To Teachers To Learners To Learners 

 
Group 

 
Schools 

Before After Before After Pre-test Post-test 

School A 4 0 41 0 48 48  
Comparison School B 4 0 44 0 44 35 

School C 5 1 31 37 41 40  
Experimental School D 5 1 47 50 48 48 

Total: 4 18 2 163 87 181 171 

 

As demonstrated above, one questionnaire was answered by teachers and 

another by learners before the intervention. After the intervention, two different 

questionnaires were administered to teachers and learners from the experimental 

school, one for teachers and another for learners. 
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The same diagnostic test was administered to learners of both groups, before the 

intervention (i.e. pre-test), and after intervention (i.e. post-test).  

An effort was made to obtain a sample that is as representative as possible of 

diverse learning environments of the area of study – the city of Beira.  

As a result, two schools were based in an urban area (school B and D) and the 

other two schools were based in a suburban area (school A and C). Furthermore, 

schools A and D had laboratories while schools B and C did have. The 

underlying idea is that “practical work might be carried out in a laboratory, or 

outside ‘in the field’, or in an ordinary classroom.” (Millar et al., 2000, p.36).  

 

The choice of a relatively large number of learners as the sample for the study is 

to make it more representative and increase the probability of generalizing the 

results (Fraenkel & Wallen, 1990; Schumacher & McMillan, 1993; Welman & 

Kruger, 2001). 

 

 

3.4. Research Instruments. 
In this research two main instruments were used to gather data, a content-based 

diagnostic test for learners and questionnaires for teachers and for learners.  

The same test was administered before and after intervention. Four different 

questionnaires were designed and administered, one for teachers and another 

for learners before and after the intervention.  

The next section gives an overview of the content and how these instruments 

were used to collect data. 

 

 

3.4.1. Questionnaires. 
According to Welman & Kruger (2001, p.148), “In social studies a questionnaire 

is used to measure opinions, attitudes, scores, intelligence, etc.” Thus, the 

questionnaire was the most suitable instrument to measure teachers’ and 

learners’ opinions about the importance of practical work in both experimental 
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and comparison group, and teachers’ and learners opinions about the 

microchemistry kits used, for the experimental group, before and after 

intervention. 
 
 
3.4.1.1. Designing the Questionnaires. 
Two questionnaires were designed to be administered before the intervention: 

one 5-item open-ended questionnaire for teachers (Appendix G), and one 3-item 

questionnaire for learners (Appendix H).  

Both questionnaires were aimed at establishing teachers’ and learners’ opinions 

about the problems faced when teaching and learning chemistry and about the 

importance of practical work in chemistry teaching and learning.  

 

After eight weeks of intervention another two questionnaires were designed. The 

two questionnaires were aimed at finding out from teachers whether or not the 

microchemistry kits contributed to achieving the aims of practical work (Appendix 

I), as well as learners’ opinions about the microchemistry kits used during the 

eight weeks of intervention (Appendix J). 

In order to have “face validity” of the questionnaires (Sanders, 1994), after being 

designed, they were submitted to two university lecturers to check whether they 

would gather the intended information, as well as language issues (i.e. wording, 

and sentence structures).  

 

 
3.4.1. 2. Piloting the Questionnaire. 
In a warning about poorly designed questionnaires Oppenheim (1966, p. 3) 

states:  

“’Fact gathering’ can be an exciting and tempting activity to which a 

questionnaire opens a quick and seemingly easy avenue: the weaknesses 

in the design are frequently not realized until the results have to be 

interpreted, if then.” 
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To prevent this problem, all the questionnaires were piloted before being 

administered to the targeted teachers and learners. Four junior secondary school 

chemistry teachers from two schools, one private and the other semi-private, and 

ten Grade nine students from the same schools where the study was conducted 

were used for piloting. An effort was made to ensure that “Respondents in pilot 

studies should be as similar as possible to those in the main inquiry.” 

(Oppenheim, 1966, p.29).  

The main outcome of the piloting was to determine the times required to answer 

the questionnaires, rephrasing some questions which resulted in ambiguous 

answers and reducing the length of the learners’ questionnaire by taking out 

some questions found irrelevant to the study.. 

 

 

3.4.1.3. Data Collection. 
After the approval from provincial and district educational authorities the following 

stage was to administer the questionnaire to the selected sample. With the 

approval of the school principals it was necessary to make arrangements with the 

chemistry teachers of the classes involved in the study.  

 

It was decided that the questionnaire should be administered during the long 

lunch break (30 minutes) or during a weekly class-meeting. 

The questionnaires for learners, both before and after intervention, were 

administered in a group, with all learners sitting in a classroom and allowed thirty 

minutes to complete it. Most of the learners answered it in less than the thirty 

minutes given to them. 

 

The questionnaires for teachers, both before and after intervention, were 

administered individually. Each teacher was given the questionnaire and the 

researcher observed them answering it. Some teachers answered it in groups of 

two or three, but they were not permitted to talk to each other. The main idea was 

that the researcher should observe the teacher answering the questionnaire; 
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teachers were not permitted to chat with their colleagues or to take the 

questionnaire home.  

 

 

3.4.1.4. Data Analysis. 
The questionnaires administered to teachers and learners, before and after the 

intervention period were open-ended. Thus, after the responses it was necessary 

to create a coding system based on the patterns revealed in the answers.  

 

Based on the coding system created, the data was then summarized in tables. 

The interpretation of the data was done quantitatively, using descriptive statistics 

(frequencies and percentages), as well as qualitatively, based on the 

interpretation of all responses obtained from the questionnaires.  

 

The data gathered from the questionnaires answers two research questions, 

namely: teachers’ and learners’ opinions about practical work, and teachers’ and 

learners’ opinions of microchemistry kits. 

 

 

3.4.2. Diagnostic Test. 
According to Fraser (1991, p.16) “Classroom tests are to determine how much 

and what each pupil knows about the learning content taught over a certain 

period of time.” Although this statement refers to the use of tests as a tool to 

assess learners in a normal teaching situation, the rationale for using it is 

applicable to the intended use of the diagnostic test in this study.  

 

 

3.4.2.1. Designing and Face Validity. 
In order to test Grade 9 learners’ understanding of specific chemistry topics and 

concepts, a diagnostic content-based test was designed. The test was based on 

the topic of acids and bases and other related concepts and topics taught in 
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Grade 8, which is the previous the year of study, and Grade 9 before the study 

started. 

 

The twenty five question diagnostic test was based on the topic of acids and 

bases and concepts derived from the group VI and group V of the periodic table 

of the elements as well as other related topics. The concepts and questions 

selected for the diagnostic test were designed according to the demands of the 

Grade 8 and Grade 9 syllabuses. 

 

In order to improve the validity of the instrument (Sanders, 1998), the diagnostic 

test was submitted to two university chemistry lecturers for face validity and 

content validity.  

The lecturers were basically looking at three main aspects. Firstly, to check 

whether the questions were testing the intended content; and secondly, to check 

grammar, wording and sentence construction, and finally to check the level of 

comprehension of the questions for Grade nine learners.  

The final version of the test designed, (taking into consideration the experts’ 

suggestions), was translated from English into Portuguese. The translated 

version of the test was then submitted to two Portuguese speaking university 

chemistry lecturers to check the same aspects as done by the two English 

speaking university chemistry lecturers. In addition to that they had to check 

whether the questions were suitable for Grade 9 learners, taking the 

Mozambican context into consideration.  

 

As a result of the process of checking the face validity involving Mozambican and 

South African university chemistry lecturers, significant changes were made to 

the content and structure of the diagnostic test. After that the instrument was 

considered ready to be administered; however it still had to be piloted.  
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3.4.2.2. Piloting the Diagnostic Test. 
Before administering the instrument to the selected sample a pilot study was 

conducted. In the pilot study ten Grade 9 learners were selected, from the four 

schools, but from classes other than those involved in the main study. 

After answering the diagnostic test (Appendix K), learners were asked to provide 

comments on the three questions survey (see Appendix L). In addition to that, 

some of the answers given were probed in order to find the reasons for their 

answering in the way they did. 

 

Three main aspects arose from the pilot study, and the probing process (which 

took the form of an interview):  

1. The number of questions in the original diagnostic test (Appendix K) was 

increased in the final version (appendix M) which was eventually 

administered to the sample groups of the main study.  

This was done because in the probing process, learners gave different 

reasons and explanations for the answers given. Thus, in order to increase 

the range of options, and ascertain that the learners fully understood those, 

questions 5, 6, 7, 8, 10 and 12 were given more options. 

 

2. The estimated time to answer the test was altered to 90 minutes (two 

double periods) contrary to an initial estimation of 75 minutes.  

This was done because of the extra options introduced to six questions (see 

previous number). 

 

3. The sequencing of the questions was changed, alternating the easy 

questions with those considered difficult. 

This was done not to make the diagnostic test easier or harder, but to make 

the process of testing their understanding in the selected topic as smooth as 

possible.  
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3.4.2.3. Data Collection. 
Before administering the diagnostic test a formal request to carry on the research 

was sent to provincial education authorities. With the approval of the educational 

authorities from provincial and district level, the principals of the schools were 

notified of the research. 

 

Only after that the teachers were selected and an arrangement was made in 

order to administer the test in a double period. In two schools it was easy 

because they already had in the time table one double period for chemistry once 

a week. But in the other two schools there were only three single periods per 

week, therefore, in order to administer the test it was necessary to negotiate with 

the teacher of the lesson prior to or after the lesson in question.  

 

The diagnostic test was answered in the blank spaces left for answers after each 

question. The chemistry teacher of the class and the researcher were the 

invigilators of the test.  

 

During the test, learners were allowed to ask questions, and use the periodic 

table of the elements and calculators. They were not allowed to use their 

chemistry textbook or chemistry exercise book, and were not allowed to talk to 

each other. After 90 minutes they had to hand in the test whether they had 

answered all the questions or not.  

 

The test was marked by the researcher using a memorandum, in which each 

correct answer was allocated one point.  

An effort was made to include only the content prescribed by the syllabus in the 

test, and the questions were designed to meet the intellectual skills and abilities 

of learners (Fraser, 1991). 
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3.4.2.4. Data Analysis.  
When designing the study, an effort was made from the start to have a sample 

that was representative so that the results could be generalized (Fraenkel & 

Wallen, 1990; Schumacher & McMillan, 1993; Kruger & Welman, 2001, and 

Huysamen, 2001). 

Two types of statistical analysis were conducted with the data gathered from the 

diagnostic test: 

The first was a descriptive statistic, in which the final scores from the 

experimental group were compared to those of the comparison group. For that 

purpose table and bar graphs are used to illustrate the differences. 

 

The second test was a statistical test called analysis of covariance (ANCOVA). 

This test was conducted to find out whether there was a significant difference, 

after eight weeks of intervention, between the comparison group (i.e. lessons that 

occurred without any external intervention) and the experimental group (i.e. 

lessons that occurred with the use of microchemistry kits).  

The rationale for using ANCOVA is to establish whether the observable 

differences in all schools between pre-test and post-test are statistically 

significant or not. 

 

In the ANCOVA, the schools will be considered as covariates, the pre-test will be 

considered as independent variable and the  post-test dependent variable, and 

the intervention made will be considered the fixed factor (details of the model 

used and results of the ANCOVA test see Appendix N and appendix O). 

 

ANCOVA is a parametric test used when the data is normally distributed. One of 

the advantages of using ANCOVA is that one increases the power of the 

statistical test by showing the differences between the groups under study 

(Sanders, 1995),  
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3.5. Concluding Remarks. 
The data gathered from the two instruments will be presented and discussed in 

different chapters: the information obtained from the questionnaires will be 

described in chapter 4, and the information collected from the diagnostic test will 

be described in chapter 5. 

 

Although these instruments are frequently used in a quantitative approach, in this 

research they are also used qualitatively, this is because irrespective of its 

frequency what also counts is the actual information obtained.  

 

Hence, during the study, opportunistic data, such as, classroom observation, field 

notes, informal interviews with teachers and learners were also collected. These 

sources of information allow “thick” descriptions of facts and phenomena as well 

as triangulation of data, and inferences based on a whole range of available 

data. 

 

The risk of using the ANCOVA in this research was that, at the beginning, the 

classes involved in the research were not equivalent, a fact which can be 

observed from the results of the pre-test. One of the pre-requisites to the use of 

ANCOVA is that the scores should be equivalent at the start; only after that can 

one really check whether the differences between the comparison group and the 

experimental group after the intervention were statistically significant (Sanders, 

1995).  

 

The next chapter (chapter 4), presents and analyses data collected from the 

questionnaires administered to teachers and learners before and after the 

intervention.  

 
 
 
 
 
 


