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ABSTRACT 
 

This study aimed at developing curriculum materials that could address pupils‟ 
learning difficulties. The study explored the characteristics and effectiveness of these 

materials in relation to children‟s learning about Matter and its Change of state. It 
was conducted in two primary schools, namely Kaloleni and Mnadani, both located 
in Dodoma municipality, Dodoma region, Tanzania. Six Science teachers, i.e. three 

from each school, were involved in the study. Moreover, 263 Standard Six pupils – 
93 from Kaloleni, and 169 from Mnadani, were involved in this study. 

Developmental and phenomenographical research designs were employed to 
generate data through focus group discussions (with teachers), syllabus review, 
interviews (with teachers), pre- and post-tests to pupils, and participant lesson 

observations. The study employed Variation Theory and Conceptual Change Model 
to explore the critical properties for defining matter and its states, and the 

transformation of these properties when physical and chemical changes of matter 
occur. Thus, the teaching involved conceptual change through creating variations to 
expose critical features of the learning objects. The pupils were made to confront 

their learning difficulties and misconceptions through practical tasks, 
demonstrations, concept maps, discussions, thought-provoking examples and probing 

questions. The use of locally available materials was an essential part of the learning 
experiences provided. The pre- and post-tests were analysed through frequencies, 
percentages, one-way between-groups ANOVA and one-way repeated measures 

ANOVA. Qualitative data were subjected to thematic analysis.  
 

The findings showed that, the pupils experienced more difficulty in identifying the 
properties of gases, than the properties of solids.  It was easier for them to identify 
the properties of liquids, perhaps because they can be observed more clearly than 

those of invisible gas and non-moving solid. The most difficult aspect was that of 
explaining the properties of the three states of matter basing on its particulate nature. 

Furthermore, the pupils faced difficulty in distinguishing, bringing about and 
explaining the physical and chemical changes of matter. However, after 
interventions, the ANOVA showed an increase in the mean scores from pre-test to 

the post-test, with a very large effect size in all the subsequent cycles, indicating that 
the materials had been effective in reinforcing learning science about matter. It also 

showed a significant increase in post-test scores between groups in the successive 
cycles, with small to moderate effect size. The study sheds light on how to identify 
learning difficulties, structure and deliver science contents in relation to the pupils‟ 

learning needs, using conceptual change through creating variations. Therefore, this 
study served to improve Pedagogical-Content-Knowledge about matter and its states. 

Generally, the curriculum materials developed helped to confront pupils‟ content 
related learning difficulties. Hence, they can be adapted by other teachers teaching 
basic science with similar content areas.  Therefore, Learning Study and Conceptual 

Change model can be used to address pupils‟ science content related learning 
difficulties, and develop materials for primary schools. 
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CHAPTER ONE 

BACKGROUND AND CONTEXT OF THE STUDY 

This chapter introduces the study on Children‟s Learning about Matter and Its 

Change of State: A Learning Study Approach. Initially, it presents the rationale for 

the study. Then, it presents the broader context of Tanzania with respect to 

education. The chapter discusses the philosophy, goals and trends of education 

(especially primary school education). In addition, it presents the challenges 

confronting pupils„ science learning at primary school and examines the measures 

taken to revitalize science education in Tanzania. Issues about pupils‟ 

misconceptions about Matter and Change of State and theories for children‟s learning 

of science have also been highlighted in this chapter. Finally, the specific context 

with respect to science learning in the two primary schools where the research was 

conducted as a baseline is presented; followed by the research problem, purpose, 

significance, delimitations and limitations of the study, and operational definitions of 

terms. 

 
1.1 Rationale for the Study 

The world today faces a crisis on quality of learning. This is more serious in early 

science concept development in most developing countries (Lauwerier & Akkari, 

2015). Effective science education implies creation of an environment for 

maximizing learning success in science (Fonseca & Conboy, 2006). This can be 

achieved through capturing the learning needs of the pupils. This study aimed at 

developing and trying out curriculum materials that could address pupils‟ learning 

difficulties in the topic of matter in science subject, and explore its characteristics  

and effectiveness.  
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Fostering and scaffolding learners in learning science in countries like Tanzania is 

important in a number of ways, but only two will be cited here. First, Science is 

perceived as difficult to learn. However, science education brings about numerous 

benefits to both the individual and the society. For instance, the knowledge of drugs, 

diseases (their transmission, control and cure), reproduction, childbirth, 

environmental pollution, food production, telecommunication and chemicals – 

among many others – are acquired through the study of science and technology 

(Opara & Etukudo, 2014).  Opara and Etukudo (2014) highlight that, science 

enhances the  manufacture of many products and services, such as computers, 

electronic gadgets, air planes, ships, weapons, automobiles, printing press, electrical 

appliances and mobile phones to mention a few. Second, there are very few learners 

enrolled in learning science and the most often cited reason for this is that science is 

hard. The researcher‟s assumption and, of course, the reason leading to the 

development of this study is that science is seen hard because of lacking materials 

that are easily accessible to learners.  

 

Matter and its States is among the basic topics to be learned by children in 

elementary science courses (Cakici & Yavuz, 2010). Alongside others, the topic is 

included in the Tanzanian primary school science syllabus (URT, 2005) which has to 

be learned by Standard Six pupils. Tatar (2011) contends that, although “States of 

Matter” is considered a simple and well-known topic, however, it is found that 

students and even teachers have some misconceptions about the concepts represented 

in the topic. He/she affirmed further that: 

Since States of Matter is an important topic that concerns our daily 
life, the mistakes in conception can have detrimental influence on 

the scientific comprehension of the other concepts. In future studies 
related to the teaching of this topic, it is necessary to focus on the 
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misunderstood points. Therefore, it would be beneficial to carry out 
more studies on methods to reduce or eliminate such 
misconceptions. (Tatar, 2011, p. 200) 

 
Furthermore, in this topic, the interplay among the macroscopic, microscopic and 

representational levels of thought represents a significant challenge to novice science 

learners (Bradley & Brand, 1985; Johnstone, 1991).  

 
1.2 The Philosophy and Goals of Education in Tanzania 

Tanzania Development Vision (2025) describes education as a strategic agent for 

mind-set transformation (URT, 2010). Also, education is considered very important 

in the creation of a well-educated nation that is sufficiently equipped with the 

knowledge, skills and values needed to competently and competitively address the 

development challenges that face the nation (URT, 2010).  

 
Education has a significant impact on social and human development (UNESCO, 

2012). Primary education is the level that has the greatest impact on social outcomes, 

as it contributes to almost 60 percent of the total impact (UNESCO, 2012). 

According to URT (1995; 2014), the major objectives of primary education are to: 

 Lay the socio-cultural foundations which ethically and morally characterize 

the Tanzanian citizen and the nation; 

 Prepare every citizen to embark on lifelong learning; and 

 Prepare children for various vocations in the world of work.  

This means that, primary education is fundamental in strengthening the higher levels 

of education.  It is also essential in laying a strong foundation in social, scientific and 

technological literacy and capacity.  

 

After independence of 1961, Tanzania adopted the philosophy of Education for Self-

Reliance (ESR) in the year 1967 (Nyirenda & Ishumi, 2004). Through this 
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philosophy, education was to prepare learners actively and creatively to participate in 

the development concerns of Tanzania. Also, it was geared towards developing an 

inquiry mind, ability to learn from others, self confidence and problem solving 

ability to enable the pupils cope with everyday life for their social wellbeing. 

Mhando (2012) mentions indicators of such kind of education as participation, 

cooperation, relating theory to practice, humane values, confidence, self-

development, productive life skills, creativity, competitiveness, discovery and 

investigation. However, there had been shortcomings which made the 

implementation of the philosophy less effective.  According to Ahmad, Krogh and 

Gjøtterud (2014), such shortcomings include: 

 The top down decision-making process which trickled down the 

implementation ladder; 

 The concept of ESR was misconceived by stakeholders, as they viewed 

school agriculture not educational but a means of gaining manual skills, 

which was considered as misery of farming and rural life; and 

 The pedagogical potentials of ESR activities were less understood and hence 

less utilised by teachers. ESR was understood in terms of the economic gain 

accrued from self-reliance activities. Teachers, in some cases, used ESR 

activities as their own means of earning extra income. 

 

According to Ahmad, Krogh and Gjøtterud (2014), in the early 1980s, there was an 

economic crisis due to external shocks such as energy shortages, low coffee prices 

and drought. In addition, there was pressure due to demands put up by the 

international donor community that involved the International Monetary Fund (IMF) 

and World Bank (WB) structural adjustment programmes in terms of conditions for 

receiving loans. The country was supposed to adopt and adapt liberal market 
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policies. This situation necessitated ideological shift from a socialistic to a 

capitalistic ideology. Educational focus also shifted from preparing learners for life 

to observable and quantifiable outcomes (Ahmad, Krogh & Gjøtterud, 2014).  One of 

the major challenges to this has been the problem of the examination driven 

education system (Nyirenda & Ishumi, 2004).  

 
1.2.1 Initiatives to Revitalize Primary Education in Tanzania 

Following the 1995 Education and Training Policy, the Education Sector 

Development Programme (ESDP) was initiated in 1997. This was a strategy towards 

a Sector-Wide Approach (SWAP) to education development. The main goal of 

SWAP was to achieve the long-term human development and poverty reduction 

targets, and redress the problems of fragmented interventions through projects. This 

was proposed in order to promote collaboration and partnership among all 

stakeholders, using pooled human, financial and material resources (URT, 2010). 

This collaboration was hinged on planning, implementing, monitoring and evaluation 

of education delivery among the educational stakeholders. In the year 1997, under 

the ESDP, the then Ministry of Education and Vocational Training (MoEVT) 

introduced the Learner-Centred Approach (LCA) in its major curriculum (Msonde, 

2011), hence ushering in a shift from the traditional lecture method.  

 

In 2001, the Government of the United Republic of Tanzania planned to revitalize its 

education system under the umbrella of the Education Sector Development 

Programme (ESDP) initiated in 1997. The factors that led to curriculum review 

included the need to develop analytical and market-oriented skills, and a shift of 

pedagogical paradigm from teacher-centred to learner centred in curriculum practices 

(UNESCO, 2012). The focus was to achieve excellence academically, vocationally, 



6 

economically and socially (URT, 2012). These efforts were geared towards primary 

education under a programme named Primary Education Development Plan (PEDP) 

which was implemented in three phases: phase I from 2002 to 2006, phase II from 

2007 to 2011 and phase III from 2012 to 2016. The programme under phases I and II 

was reported to have been successful in improving access, equity and retention 

(URT, 2012).  

 

PEDP III sought to raise competencies, increase participation and completion, and 

prepare children for life in a multi-cultural society. In an ever changing economic, 

social, political and technological work environment, children will require a wide 

range of skills. The Government of Tanzania through its then Ministry of Education 

and Vocational Training adopted a Competency-based Curriculum approach since 

2006 for primary and secondary schools. This replaced the content-based curriculum, 

which was implemented at the primary school level (Hamilton, Mahera, Mateng‟e  & 

Machumu, 2010). The competencies, which are considered in the curriculum, include 

critical and creative thinking, communication, technology literacy, personal and 

social life skills, and independent learning (Hamilton et al., 2010). According to 

URT (2005), the primary science curriculum in Tanzania seeks to attain the 

following general competencies: 

 To identify the steps in the scientific investigation process (the scientific 

method); 

 To innovate and use scientific discoveries in  a sustainable manner; 

 To realize the scientific principles and use technology in solving the 

community problems; and 

 To develop positive attitude towards science and use the scientific and 

technological principles in daily life. 
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The competence under the topic of matter in Standard VI is to innovate and use 

scientific discoveries in a sustainable manner (URT, 2005). 

 

The objective of the curriculum reforms in Tanzania was to address the learning 

needs of pupils with different abilities. Thus, teaching was expected to become a 

more reflective practice Hamilton et al., 2010). Teachers improve their awareness on 

different learning styles through sharing their backgrounds and experiences, in 

consideration of the pupils‟ learning needs (Hamilton et al., 2010). In order to 

implement this effectively, there was a need to prepare teachers to have the necessary 

materials and competences to facilitate its implementation. However, there was 

discrepancy in the training of teachers between what was expected from the 

curriculum and their training (Mulkeen, 2010; Lauwerier & Akkari, 2015). The 

training was not conducive to transform teachers according to the reforms that were 

proposed. 

 

Moreover, during the implementation of this research, two programmes were 

operating in Tanzania. One of them was the Global Partnership for Education (GPE) 

Programme in Tanzania named Literacy and Numeracy Education Support 

Programme (LANES) which was implemented since 2014. Its main focus was to 

support the Government reform early grades curricula, develop relevant materials for 

the 3Rs and orient Standard I & II teachers, Head Teachers, Ward Education 

Coordinators and Quality Assurers on implementation of the new curricula (URT, 

2016). The programme was considered to have great impact on national initiatives in 

the implementation of the 3Rs. Another programme was the Education Quality 

Improvement Programme in Tanzania (EQUIP-T). This was a four year programme, 

UKAID-funded programme, whose objective was to improve learning outcomes in 
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basic education, especially for girls (EQUIPT, 2014). It was conducted in 47 districts 

in seven regions of Tanzania, namely Dodoma, Kigoma, Shinyanga, Simiyu, Tabora, 

Lindi and Mara. However, both programmes did not give special attention to science 

education.   

 
1.2.2 Challenges of Primary Education in Tanzania 

Various reforms and curriculum reviews have been in place since 1995, which have 

focussed on planning, implementing, monitoring and evaluation of education 

delivery. These reforms include the competency-based curriculum (CBC). Effective 

implementation of the newly introduced CBC requires a shift from behaviourism 

theory of learning to constructivism, teacher centred to learner centred teaching and 

learning methods, emphasis from content to competence, knowledge inheritance to 

knowledge construction, product oriented to process oriented, end of lesson 

evaluation to classroom assessment and memorization of facts to development of 

higher order thinking skills (Mrimi, 2010).  With respect to science teaching, the 

reforms require effective teaching and learning materials, and competent teachers 

with the appropriate teaching pedagogies that emphasize on student-centred teaching 

to enable students develop various competencies in scientific reasoning, practical 

skills and scientific values during the learning of science (Tilya and Mafumiko, 

2010; URT, 2010).  

 
However, teachers have not been given sufficient orientation to cope up with these 

reforms. In addition, there are very few designed and tested curriculum materials to 

support the changes that have been introduced (Tilya & Mafumiko, 2010; Mhando, 

2012). The study by Kafyulilo, Rugambuka and Moses (2012) in Tanzania observed 

that, teachers continue teaching in more or less the same way they did when using 
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the phased out content-based curriculum. Semali and Mehta (2012) argue that, the 

educational system in Tanzania has done little in forming a meaningful and enduring 

impact on the lives of the learners. Therefore, relevance and capability of our 

primary education to address contemporary issues in the society remains a serious 

challenge. 

 
In relation to this situation, Nyirenda and Ishumi (2004) assert that, there is a 

problem of an examination driven education system where teaching is centred on 

helping students to pass examinations rather than acquiring mastery of basic 

knowledge skills and values.  Mhando (2012) further argues that, schooling has been 

mistaken to be the accumulation of facts for reproduction during examinations.  In 

relation to science teaching, Massawe (1996) reported that students and their teachers 

appeared to be interested in passing written examinations rather than acquiring 

scientific skills of enquiry. There has been little change since that study. This is a 

serious problem which is, however, not confined to Tanzania only.  This is because, 

as we put more emphasis on test scores, the deeper problems of learning are 

overlooked (Eisner, 2013). In support of this, Littky and Grabelle (2002: 122) claim 

that, “our addiction to testing is blinding us to what we believe in our hearts are the 

important lessons our children should learn”.    This evidence shows that little time is 

used to address the content related learning difficulties and active involvement of 

learners in the real life problems (Mhando, 2012).  

 
Consequently, the trend of performance as depicted from learning outcomes 

observed in primary education between 2000 and 2007 in Tanzania was good 

compared to the neighbouring countries (URT, 2012). However, since 2007, 

National Primary School Leaving Examination (PSLE) pass rates have been 
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dropping, and the level of knowledge and skills of those who graduate is lower than 

what is expected at the given level (URT, 2012; 2014). The pass rates from 2006 to 

2014 respectively are: 70.5%, 54.2%, 52.7%, 49.4%, 53.5%, 58.3%, 30.7%, 50.6%,  

and 57%. The year 2012 had the lowest pass rate, as in Figure1.1.  
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Figure 1.1: Primary School Leaving Examination Results, 2006 – 2014 

Sources: (BEST 2012; NECTA, 2014; URT 2012 & 2014) 

 

This might have resulted from the increase in the number of pupils in schools,  

following the implementation of the fee-free primary education policy. Variety of 

learners with different learning styles increased. The number of pupils with learning 

difficulties increased; while the measures taken to improve the quality of education 
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were inadequate (URT, 2012). The trend is worse for secondary school O-Level, 

implying that many pupils leave primary schools with inadequate level of mastery of 

the programme (URT, 2012; 2014).  

 

1.2.3 Measures Taken to Revitalize Science Education in Tanzania 

Several projects have so far been undertaken in Tanzania to improve science 

education (O-saki, 2007). These projects include: Science Education in Secondary 

School Project (SESS), 1995 to 2000; Science Teacher Improvement Project (STIP), 

1995 to 2003; Teacher Education Assistance in Mathematics and Science Project 

(TEAMS), from 1996 to 2005; and Education II Project (2006).   

 
In 2009, the then Ministry of Education and Vocational Training (MoEVT) and 

Japanese International Cooperation Agency (JICA) established a bilateral 

programme for improving secondary schools‟ science teaching skills through in-

service training in the country (Kibga, 2013). Through this programme, science 

teachers were trained on the use of home-found materials in conducting practical 

works. Teachers were also oriented to conduct Lesson Study as a collaborative mode 

of improving teaching.  

 

It can be concluded that, many programmes did not give attention to primary science 

education. While Secondary Education Development Plan (SEDP) 2004 – 2020 gives 

special consideration to secondary science education, PEDP does not give any 

special consideration to science education at primary level, thus depriving learners of 

a firm foundation in scientific reasoning and thinking. This means that, more 

attention has been given to secondary school science, a time when many students 

have already fallen behind in their learning of science (Hamilton et al., 2010). In 
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primary schools, a few programmes have been in place in Tanzania.  For instance, 

the African Primary Science programme (APSP) or SEPA (Science Education 

Programme for Africa) was tried during the mid 1960s.  

 
Consequently, a few science teachers in primary schools in  Tanzania teach to 

nurture creativity or build students‟ capacities to become innovators or entrepreneurs 

who discover products (or add value to the existing products such as farm produce) 

and/or create new knowledge to solve problems (Semali & Mehta, 2012).  In 

addition, during surveys which were carried out in 2010 to investigate the status of 

science and technology education in primary schools in Tanzania, teachers 

themselves revealed lack of awareness of context-based approaches in particular (see 

Hamilton et al., 2010).  Instead, they were familiar with the traditional approaches.  

 
Similarly, Semali and Mehta (2012) report that, studies done locally and at the 

national level indicate a lack of practical application of science concepts in ways that 

best reflect the nature of everyday problems and challenges in work and society. 

Majority of the pupils, even those who manage to pass in our schools, are not able to 

apply their knowledge in real life issues.  

 

1.2.4 Challenges Confronting Pupils’ Science Learning at Primary School  

Science and its application (technology) play a vital role in socio-economic 

development.  They are not only important determinants of a country‟s level of 

development, but also do enhance its international competitiveness and its position in 

the world economy (URT, 1996). According to the National Science and Technology 

Policy for Tanzania (URT, 1996), science and technology are directed towards 

solving problems in economic, productive and social welfare sectors such as 

industry, agriculture, energy and social welfare services.  
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The Tanzanian education policy recognises the important role which science and 

technology play in development. In the school curriculum, it gives more emphasis on 

the teaching of mathematics, science and technical subjects so as to promote 

scientific and technological development in the country (MoEC, 1995). Given this 

emphasis, the then Ministry of Education and Culture (1995) stipulated science and 

technology to be essential components of education and training in the whole 

education system. The Education Policy and Training of 2014 fuses Science and 

Technology to be one subject in Primary Schooling (URT, 2016). 

 
For decades, there has been much commonality in many countries on the types of 

problems and issues confronting science education. These include: poor 

performance, low enrolment in science courses at the upper levels and poor interest 

and attitudes toward science (Murphy & Beggs, 2003; Ogunkola & Samuel, 2011). 

These problems have been reported in the Caribbean region (Ogunkola & Samuel, 

2011), Ireland (Varley, Murphy & Veale, 2008), Portugal (Fonseca & Conboy, 

2006), Nigeria (David, Grace & Kalu, 2012) and Tanzania (UNESCO, 2012; 

Ministry of Finance and Economic Affairs – URT –, 2009), among others. Students 

are either still finding science too difficult or, for various reasons, their interest is 

being drawn away from science (Ogunkola & Samuel, 2011).  

 

1.3 Difficulties and Misconceptions in Pupils’ Learning of Science   

Ogunkola and Samuel (2011) conducted a study to investigate the perception of 

students and teachers of the difficult topics in the lower secondary school science 

curriculum of Barbados in the Caribbean region. The region was experiencing low 

student enrolment in upper secondary science courses, low student performance and 

interest in science, as well as students‟ attitudes to science. The findings revealed that 
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most students generally found the highest levels of difficulty in physics and 

chemistry concepts such as components of the air, energy and physical and chemical 

changes. The biology areas of healthy lifestyles, light and the eye, and sound and the 

air were found to be comparably easier. Generally, students perceived that biology 

concepts were more interesting and easier to study as they were more realistic than 

physics and chemistry concepts, which tended to be more abstract. 

 

There are a variety of reasons as to why students may perceive science as difficult in 

comparison to other subject areas:  It may be due to students‟ perceptions of the 

subject based on their experiences with it, or even from information about the subject 

from other persons (Ogunkola & Samuel, 2011). Other reasons advanced are: the 

level of abstractness of the concepts, overloading of the content, mathematical skill, 

prior misconceptions, language problems and new terms and symbols (Behar & 

Polat, 2007). 

 

Johnstone (1991) proposes that difficulty experienced in learning science might be 

due to the existence of ideas and concepts at three different levels: macro and 

tangible, micro, and representational or symbolic. The macroscopic level presents 

what we experience with our senses;   at the microscopic level, we regard matter as a 

collection of particles; and in symbolic (representational) matter, it is represented in 

terms of symbols and formulas. It is this interplay between the macroscopic, 

microscopic and representational levels of thought that presents a significant 

challenge to novices (Bradley & Brand, 1985; Johnstone, 1991). Misconceptions in 

this topic can have a detrimental influence on the understanding of other science 

concepts. Tatar (2011) recommends that, in future studies related to the teaching of 

the topic of Matter, it is necessary to focus on the misunderstood concepts. 
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Therefore, it would be beneficial to carry out more studies on methods to reduce or 

eliminate such misconceptions (Tatar, 2011).  

 

Chiappetta and Koballa (2006) point out that the prior conceptions about phenomena 

that students bring to the classroom do not correspond well with the scientific 

knowledge to be taught. Several misconceptions have been observed among teachers 

and students on “Matter” (Tatar, 2011). On the other hand, Stavy and Stachel (1985) 

examined the conceptions of children aged between 5 and 13 about solids and liquids 

in Israel. They observed that children think of things such as metals and wood as 

typical solids. To them, substances which are not hard and rigid such as dough, 

sponge, sand and sugar are not solids. Children think of water as a typical liquid. 

They further found that, in general, children classify new liquids more easily than 

solids. However, these children defined liquid in terms of something that pours. This 

could mislead them to classify powders as liquids (Starvy, 1994). Perhaps, this is 

because liquids are less varied in their physical characteristics. Gases cause special 

difficulties for children since those commonly experienced, like air, are invisible 

(Stavy, 1994). In relation to the properties of matter, children were found to have the 

following misconceptions: firstly, they conceived that matter is continuous; secondly, 

they conceived that the space between particles is filled – the notion that empty space 

exists between particles is problematic because this lacks supporting sensory 

evidence; and lastly, they did not appreciate that the particles of matter are moving 

(Kind, 2004). 

 
1.4 Baseline Study 

The learning study research was simultaneously conducted in two primary schools, 

namely Mnadani and Kaloleni. However, it was preceded by a baseline study to 
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investigate the context where the study was to be conducted. This was important for 

exploring possible threats and opportunities for the intervention. Specifically, the 

baseline study aimed at: 

(i) Investigating the science teachers‟ academic characteristics in the school; 

(ii) Assessing the school environmental characteristics with respect to science 

learning; 

(iii) Exploring the trend of in-service training among the science teachers; and 

(iv)  Identifying the challenges of science teaching and learning in the school.  

 
Data to achieve these objectives were collected through interview with the science 

teachers and the head-teachers, and documentary review. An interview schedule with 

the teachers (Appendix IA) was administered to three teachers who were teaching 

science in each school.  Among the teachers, five were females and one was a male.  

From the interview with teachers, the researcher expected to get information on their 

academic qualifications, the trend of in-service training among them and the 

challenges of science teaching and learning in the school.  

 
It was revealed that, all the six teachers held certificate in primary teacher education. 

However, one of them had joined the certificate course after completing Advanced 

Certificate of Secondary Education; and another one was enrolled in diploma in 

primary education (evening class) during the course of this study.  The teachers‟ 

experience in science teaching by the time this study was conducted (frequency of 

the teachers is indicated in brackets) was as follows: three years (1), 10 years (1), 18 

years (1), 20 years (2) and 26 years (1).  This implies that, these science teachers had 

sufficient experience to provide information relevant to the study. The teaching load 

for the teachers was three lessons per week (1), four lessons per week (1), six lessons 
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per week (2) and eight lessons per week (2). A period was constituted by forty 

minutes. Thus, the teaching load of teachers per week was reasonable. The load was 

also reasonable for the teachers to be fully engaged in the study. All the six teachers 

claimed to have mostly taught grades IV, V, VI and VII. Thus, they had reasonable 

workload to be involved in the learning study.  

 
When asked of the challenges they were facing in teaching science in their respective 

schools, the major challenge they mentioned was lack of teaching and learning 

materials especially tools for doing science practical activities. The school 

management could not supply funds to buy even basic teaching and learning 

resources. In one school, there was a poorly equipped science kit. It must be noted 

that most of the government primary schools do not have science laboratories. This 

has made science lessons to be conducted only theoretically, that is, without practical 

sessions. The teachers described the schools to have deficit of science books. In 

addition, there was no single textbook recommended for teaching the subject. The 

multi- textbook policy gave rise to confusions for some science concepts. Teaching 

large classes was an obstacle to attain teaching objectives.  It was noted that these 

teachers had large classes of about 60 to 90 pupils, which resulted from inadequate 

number of classrooms. Due to this problem, these teachers were facing the challenge 

of managing classes and attending to the pupils‟ individual needs.  In one of the 

schools, shortage of classrooms led to double session system in which pupils who 

were attending afternoon session appeared tired and sleepy due to hot weather 

problems.  

 

However, the teachers in one school reported that, their school had less number of 

pupils in comparison with other schools. They also perceived that their school 
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contained at least some few teaching and learning tools, while most of other schools 

had almost nothing. The teachers described pupils‟ parents as people with low 

motivation to educate their children that led them to encourage truancy and 

absenteeism. On the issue of in-service training, two of the six teachers had attended 

workshops of about one week duration, three times each concerning the teaching 

profession. They learned teaching methods in three topics in each subject including 

science. Those who had attended the workshops admitted that they (workshops) 

helped them professionally as they acquired new and innovative teaching 

competencies. However, four of the teachers had not attended any in-service training. 

In addition, the teachers said that pupils perceived that science was difficult, and this 

negative attitude affected their learning.  

 

When asked about the aspects which they considered pertaining to school 

development, they described them as follows (frequency of the teachers in bracket):  

(i)   Academic performance based on examination results (4 teachers); 

(ii) Improvement in teaching methods (1 teacher); 

(iii)  Improvement of infrastructure including classrooms, offices for staff,  

         desks and playing grounds (5 teachers); 

(iv)   Incentives and motivation to teachers and pupils; and 

(v) Income generating projects as the implementation of education for self-

reliance (3 teachers). 

 One of the teachers said, “school development constitutes all activities done 

within the school or surrounding community to increase income for supporting 

the school” (Interview: 12th November, 2015). 
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Generally, teachers who were involved in this study did not describe school 

development in terms of their professional growth at work places while 

dealing with the newly existing challenges. Only one teacher considered 

school development in- terms of teaching methods. 

 When teachers were asked of what could be done to improve science 

teaching, they suggested a number of strategies including: 

i. Establishing  and using science kits;  

ii. Building of science laboratory in the school; 

iii. Supplying  teaching and learning materials including teachers‟ guides; 

iv. Allocating  funds for buying some teaching and learning materials; 

v.  Building more classrooms to accommodate all the streams without merging 

them;  

vi. Regular  teachers‟ in-service training ; and 

vii. Providing meals in the school to improve pupils‟ nutrition.  

 
The study also involved interviews with head-teachers in the respective primary 

schools (Refer to the head-teachers‟ interview guide appendix IB). From head-

teachers, the researcher sought information for assessing the school environmental 

characteristics with respect to science learning. The aspects which were investigated 

include: year of establishment, the status of infrastructure, teaching staff, the number 

of pupils, the ratio of teacher to pupils, and the availability of teaching and learning 

resources.The interview with head-teachers revealed that the schools varied in some 

aspects. This section is an attempt to compare the context of the schools.  
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Establishment  

Kaloleni primary school was established in 1958 with registration number 

DO/01/2/20, while Mnadani primary school was established in 2004 with registration 

number is DO.01/2/81. Hence, Kaloleni primary school is older than Mnadani 

primary school. Therefore, in terms of school culture, Kaloleni is more developed 

than Mnadani. 

 

Infrastructure 

In comparing the infrastructure of the two schools, Mnadani was disadvantaged in 

terms of infrastructure including buildings, furniture and teaching- learning facilities. 

The teaching staff (42 teachers) and the school head were accommodated in one 

classroom, while the remaining 8 classrooms, which were not enough, 

accommodated 1400 students. Consequently, Standards I,II, IV and VII were 

attending classes in the morning session; while standards III, V and VI were 

attending classes in the afternoon session which normally began at eleven o‟clock.  

On the other hand, Kaloleni infrastructure was sufficient to accommodate 28 teachers 

and 639 pupils in all the working time. 

 
Teacher/pupils ratio 

 At Mnadani, the ratio was 1: 33; and at Kaloleni, it was 1:23. Mnadani primary 

school was more advantaged in terms of number of teachers. All the teachers 

involved in the study had certificate qualification in primary teacher education.  

 

Teaching and learning materials 

Both schools had a critical shortage of teaching and learning materials, especially 

tools for practical work. Like in most of the government primary schools, there were 

no science laboratories in these schools. It was revealed that Kaloleni primary school 
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possessed a poorly equipped science kit. However, there was no science kit at 

Mnadani primary school. This made science lessons in this school be conducted only 

theoretically without practical sessions. The head-teachers claimed that the 

government did not provide enough funds to buy even simple teaching and learning 

aids. Moreover, both schools had deficit of textbooks for pupils to read.  

 
The baseline study also involved documentary review to get information on the 

textbooks used and Primary School Leaving Examinations‟ performance trend. 

Hence, the documents reviewed included: Standard Six science textbooks and 

Primary School Leaving Examination results.  

 

 It was revealed that, due to the multi-textbook policy, there was no specific single 

textbook used by both teachers and pupils during science teaching and learning. 

Instead, as it was observed, three different books written by different authors were 

being used in the school during the study.  These books included: 

 Mture Educational Pubishers (2010).  Sayansi kwa vitendo: Kitabu cha 

mwanafunzi 6. Dar es Salaam: Mture Educational Publishers;  

 Kilama, H. &  Kalugula, C. (2010). Sayansi shule za msingi. Dar es Salaam: 

Oxford University Press; and  

 Sibuga, K.K.  & Munisi, S.A. (2010). Tujifunze sayansi: Darasa la 6. 

Educational Books Publishers.  

The variety of textbooks used more or less varied in content and mode of 

presentation, according to different authors‟ perspectives.  For instance, while Mture 

(2010) the structure of matter is illustrated using both practica l activities and concept 

maps; In Kilama and Kalugula (2010) the concept maps are not shown. Moreover, 

while Mture (2010) the states differences the states of matter are clearly shown; in 
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Kilama and Kalugula (2010) the differences among the states of matter are implicit. 

This appeared to challenge the teachers and pupils who had been using them yet 

struggling to find out which could be the correct content.  

 
Apart from the variation of the teaching and learning books, the pass rates in the 

Primary School Leaving Examination (PSLE) for Mnadani and Kaloleni primary 

schools are shown in Table 1.1.  

 

Table 1.1: Pass Rate PSLE at Kaloleni and Mnadani Primary Schools (2010 – 

2015) 

Year Kaloleni Primary School Mnadani Primary School 

Number of Pupil 

Candidates 

Pass 

Rate 

(%) 

Number of Pupil 

Candidates 

Pass 

Rate 

(%) Boys Girls Total Boys Girls Total 

2010 98 67 165 44 39 43 82 80 

2011 38 56 94 88 84 86 170 75.5 

2012 51 55 106 94 56 59 115 75.5 

2013 43 47 90 86 38 51 89 54 

2014 49 33 82 80 37 30 67 38 

2015 37 38 75 91 48 57 105 60 

Source: Field Data (December, 2015) 

 

Primary School Leaving Examination (PSLE) results at Kaloleni primary school 

went high in 2011 and remained stable for the following five years (Refer to Table 

1.1).  In contrast, the pass rate in Standard Seven Primary School Leaving 

Examination (PSLE) at Mnadani Primary school  was shown to have been 

deteriorating since 2010 (Refer Table 1.1). Thus, working with teachers in this study 

was expected to provide an opportunity to contribute to school development by 

collaboratively researching on lessons and learning.  
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1.5 Statement of the Problem 

Various educational reforms and curriculum reviews have been in place in Tanzania 

since 1967. These reforms include introduction of the ESR philosophy (1967) and 

competence-based curriculum (2006) in order to address the learning needs of the 

pupils with different learning abilities. However, the quality of science teaching in 

primary schools in Tanzania is currently inadequate to meet the learning needs of the 

pupils. 

 

 In practice, there are no sufficient designed curriculum materials to support teachers 

implement the introduced curricular changes. Three possible reasons for this 

situation include: firstly, in practice, it was observed from the baseline study that 

there was no single textbook which was recommended for teaching science in 

primary schools. As a result, many textbook formulations on topic of matter have 

been creating more confusion to teachers and learners.  Secondly, there has been less 

focus on pupils‟ learning difficulties due to the problem of an examination driven 

education system, and less involvement of teachers and pupils in the reforms. Most 

of the reforms have been following the top down approach.  Thirdly, there is lack of 

a reflective system for teachers at the school level in handling the growing 

pedagogical challenges brought about by reforms including large classes and 

increasing learner variation in learning ability and aptitude (O-saki, 2007).  

 

Consequently, teachers continue teaching in more or less the same way they did 

when using the phased out content based curriculum. If the situation is not arrested, 

many children will continue finding science irrelevant to their local experience, 

difficult and uninteresting. As a result, primary education will continue to face the 

problems of low performance, and poor interest and attitudes toward science. This 
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situation is likely to lead to low number of students opting for science at secondary 

and tertiary levels of education; hence, a continuing deterioration with regard to 

scientific and technological human resources capacity.  

 
World-widely, including Tanzania, several misconceptions have been observed 

among teachers and pupils on several topics (Bahar & Polat, 2007). There are also 

misconceptions in the topic of    “Matter”. Misconceptions in this topic can have 

detrimental influence on the understanding of other science concepts. Furthermore, a 

sample to derive principles which are applicable to other science topics can be 

developed.  

 

In this situation, there is a need for rigorous field based collaborative intervention 

involving researchers, science teachers and pupils developing science teaching and 

learning materials relevant to the needs of the pupils in science . Learning study has 

been reported to improve student learning.  Learning Study focuses on critical 

elements of students‟ learning using prior student thinking (Chokshi & Fernandez, 

2004; Msonde, 2011).  The theory of variation (Marton & Booth, 1997) encourages 

teachers and students to identify critical features of a new object of learning through 

comparison with existing frameworks of knowledge and understanding (Tong, 2012). 

However, the characteristics of learning study in the Tanzanian context have not 

been sufficiently investigated. 

 

Therefore, this study investigated, using a Learning Study Model, in the context of 

Tanzania, ways to design and develop new materials about matter. This was done in 

order to support teachers choose content and structure it to help pupils learn (Lo, 

2012). There is also a need to investigate the practicability of such materials in a 

classroom setting and examine their effectiveness to pupil learning which could 
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improve teaching and learning. Tatar (2011) recommends that, in future studies 

related to the teaching of the topic of Matter, it is necessary to focus on the 

misunderstood concepts. The study used phenomenographical perspective, which 

deals with construction of essential structures in human experiences.  

 
1.6 Purpose of the Study 

This study was intended to develop curriculum materials in primary science in the 

topic of „Matter and its Change of State‟. This was in order to address the rising 

misconceptions among grade six pupils learning about matter due to the lack of 

context based learning resources on this topic. Primarily, the study used a learning 

study model as an adoptive evolutionary approach to explore characteristics of 

effective curriculum materials that address pupils‟ science learning difficulties in the 

topic of Matter. Conceptual Change Model (CCM) was also integrated in organizing 

learning experiences. Hence, initially, the study explored the range of pupils‟ initial 

ideas and determined their existing misconceptions and learning difficulties 

regarding matter. Based on these difficulties, materials were designed, validated, 

tried and implemented while examining pupils‟ learning progressions. 

 
1.6.1 Specific Objectives 

 The study was guided by the following four objectives: 

(i) To identify pupils‟ content related learning difficulties in the topic of matter 

in primary science (Standard Six) through LS model; 

(ii) To investigate the ways with which the LS model can be used to develop 

curriculum materials that can address content related learning difficulties to 

enhance teaching and learning about matter; 



26 

(iii) To identify the changes in the range of pupils‟ understanding of matter in the 

subsequent trial cycles of the Learning Study;  and 

(iv)  To evaluate the effectiveness of the curriculum materials in enhancing 

student learning of matter.  

 

1.6.2 Research Questions 

The main research question of this study was: What are the characteristics of 

effective curriculum materials that address pupils‟ science learning difficulties? 

To come up with the characteristics of effective curriculum materials under the 

learning study model, four sub-questions guided the process: 

(i)  Which are the pupils‟ content related learning difficulties in the topic of matter 

in primary science learning (Standard Six)? 

(ii)  In what ways does LS model develop curriculum materials that address pupils‟ 

content related learning difficulties to enhance teaching and learning about 

matter? 

(iii) What are the changes in the pupils‟ ways of understanding of matter in the 

subsequent cycles of the learning study? 

(iv)  How effective are the curriculum materials developed in addressing the pupils‟ 

content related learning difficulties? 

 

1.7 Significance of the Study 

 

This study sheds light on how to diagnose learning difficulties in the topic of matter 

in primary science curriculum and the ways to address them in science education 

through developing curriculum materials using an adoptive evolutionary approach. In 

an adoptive evolutionary approach, the curriculum is made during and through the 
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implementation process (Altrichter, 2005). Methodologically, the research has come 

out with the experience of mixing developmental and phenomenographical designs. 

 

 This research has a potential of improving teaching and learning of science in the 

context of the competency-based curriculum through addressing pupils‟ content 

related learning difficulties. The study is useful to various educational stakeholders 

(classroom teachers, policy makers, curriculum developers, examination officials, 

education officials, educators, educational researchers and teachers) who are 

interested in improving science learning practices.  

 

This study comes out with a model on how the combination of two theoretical 

assumptions, LCM and CCM, can be used to organize learning experiences in a 

science classroom – i.e. how conceptual change can be facilitated using the variation 

theory. The study can improve Pedagogical-Content-Knowledge about matter and its 

states, and shed light on how to structure and deliver other science contents in 

relation to the pupils‟ learning needs. The study has developed materials for teaching 

about Matter and its States. The primary school science teachers may adapt the 

curriculum materials developed in this study in their classrooms. The materials fit 

more for the Tanzanian Primary School Science Syllabus, particularly standard VI; 

or may be adapted by teachers teaching basic science with similar content areas.  

 
 In addition, the study is expected to develop school as a place of learning and 

promoting a learning culture. As teachers will be reflecting on pupils‟ learning 

problems, they may come up with more focused techniques and strategies, which can 

be utilized or adapted by other teachers in their context. Furthermore, this study may 

improve formative assessment practices. In this study, tests have been used mostly to 

diagnose students‟ learning difficulties; such practices are uncommon among 
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primary school teachers in Tanzania, as they focus more on putting together statistics 

of the examination results. Moreover, the study has come up with the experience of 

application of learning study in the Tanzanian context, as learning study is a 

relatively new approach in the context of Tanzanian primary schools.  

 
1.8 Delimitations and Limitations of the Study 

The scope of the study was delimited to the science subject, with primary school 

children (Standard Six) ways of learning about matter and its states. Therefore, the 

study may lack relevance to represent students in other schooling levels, schools, 

subjects and topics. However, the study was conducted in two schools with varied 

contexts to examine the applicability of the design across contexts. Moreover, under 

the centralised education system and school habits in Tanzania, the results may be 

feasible for adoption. Primarily, the study made use of Variation Theory (VT) and 

Conceptual Change Model (CCM) in developing the materials; other theories were 

also employed where it was deemed necessary by the participants although not 

mentioned in the study. 

 
With respect to the content, the study managed to deal with the introduction to the 

ideas: Meaning of Matter, States of Matter, Structure of Matter and the Changes of 

Matter. It did not cover all the content as indicated in the syllabus. It did not deal 

with the sub-topic of Elements, Compounds and Mixtures, which are concerned with 

chemical properties and changes (reactions) of matter.  The depth of the content was 

limited to the level of the pupils; hence, only introduction of ideas was managed, not 

to the higher level thinking skills. A few thought provoking questions and examples 

were included during implementation of the research lessons.  
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 In addition, the research was influenced by the context of the school in terms of 

teacher resourcefulness and motivation, physical resources, teachers‟ workload and 

pupils‟ human factors such as attendance. For instance, the number of pupils from 

one cycle to another varied.  Therefore, pupils‟ attendance was regularly monitored. 

During data analysis, only pupils who had attended the sessions were considered.   

 
1.9 Operational Definition of Key Terms and Concepts  

1.9.1 Children 

For the sake of this study, children are the pupils who attend primary education in the 

Tanzanian context (Standard Six). Usually, their age ranges from 11 to 13 years in 

accordance with the Tanzanian education system (MoEVT, 1995). 

 

1.9.2 Content Related Learning Difficulties 

These refer to teachers and pupils‟ views of the difficulties in understanding a 

particular topic or phenomenon, or concepts in the science curriculum (Standard VI) 

after studying them in a conventional way.  

 

1.9.3 Critical Aspect 

Refers to what is worthwhile and problematic for a particular group of students to 

learn in order to understand the object of learning in the intended way (Marton & Lo, 

2012). In this study, critical aspects were derived from teachers‟ views of difficulty 

of their own teaching and pupils‟ understanding of particular aspects of the learning 

object, pupils‟ views of difficulty of understanding particular aspects of the learning 

object, and learning difficulties of particular aspects of the learning object observed 

through pre-test analysis. 
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1.9.4 Curriculum Materials  

In this study, curriculum materials refer to lesson plans, lesson notes and science 

achievement tests. 

 
1.9.5 Effectiveness 

Refers to the extent to which the experiences and outcomes of the intervention are 

consistent with the intended aims (Mafumiko, 2006). Hence, in this study, 

effectiveness refers to the extent to which research lesson could address pupils‟ 

content related learning difficulties and produce changes from the pre- and post-test 

scores. 

 

1.9.6 Learning 

Learning refers to a qualitative change in the way of seeing or experiencing 

something such as a phenomenon, an object, skills, or certain aspects of reality (Lo & 

Marton, 2012). Hence, in this study, learning refers to the change in the way of 

conceiving the objects of learning drawn from the topic of matter as a result of the 

comprehension of critical aspects under each object of learning.  

 

1.9.7 Learning Object 

The object of learning refers to the capability that needs to be developed among 

students in order to achieve the desired learning objective(s) (Lo, 2012; Marton & 

Pang, 2006). Hence, in this study, learning objects were derived from teachers‟ views 

of difficulty of their own teaching and pupils‟ understanding of matter and its states. 

Pupils‟ views of difficulty of understanding matter and learning difficulties in the 

topic of matter were observed through analysis of pre-test scores. 
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1.9.8 Learning Study (LS) 

Refers to collaborative teacher research work among fellow teachers in planning, 

implementing, observing and analysing lessons, keeping a sharp focus on the object 

of learning and applying the variation theory (Pang & Ling, 2011).  Hence, in this 

study, learning study involved collaboration among teachers and the researcher, 

keeping a sharp focus on the objects of learning and applying variation theory as a 

guiding principle of pedagogical design. 

 

1.9.9 Matter 

Matter includes anything that has mass and takes up space (West, 2008).  The world 

in which we live is composed of matter in three states: the solid state, the liquid state 

and the gaseous state. The topic of Matter and Change of State in this research is 

supposed to be learned in standard VI in the Tanzanian primary school science 

syllabus (2005). 

 

1.9.10 Variation Theory 

Marton and Booth‟s variation theory states that, the construction of meaning can be 

better facilitated through experiencing differences against a background of sameness, 

rather than through experiencing sameness against a background of difference 

(Marton & Pang, 2013). This study used patterns of variation of contrast, separation, 

fusion and generalization in developing lessons.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

This chapter presents the theoretical frameworks employed in the research and 

literature on empirical experiences of the models employed in the study in relation to 

science education.  The chapter also reviews misconceptions and conceptual change 

in science education. Generally, the chapter builds the framework for the research 

process.  

 
This research employed two theoretical frameworks, namely variation theory under 

Learning Study Model (LSM) and Conceptual Change Model (CCM), as ways of 

addressing pupils‟ science learning difficulties and misconceptions about matter. The 

study views these frameworks as complementary. With variation theory, learning is 

perceived as a qualitative change in the way of seeing or experiencing something 

such as a phenomenon, an object, skills, or certain aspects of reality (Lo & Marto n, 

2012). Similarly, with the CCM, learning involves the use of existing concepts to 

understand a new phenomenon; and replacement of misconceived concepts with the 

accepted views (Posner et al., 1982).  

2.1 Learning Study Model 

Learning study has developed from the Japanese lesson study model (Jugyo 

kenkyuu). Lesson study refers to instructional improvement strategies which involve 

observation of live classroom lessons by a group of teachers who collect data on 

teaching and learning, and collaboratively analyse them (Lewis, 2002; Lewis, Perry 

& Murata, 2006). It refers to the lessons that teachers jointly plan, observe and 

discuss (Lewis, 2000). Then, these lessons are taught by one teacher from the group 

while being observed by others (Stigler & Hiebert, 1999).  In some cases, the lesson 
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is videotaped for further analysis and discussion. Then, the lessons are evaluated, 

reflected, revised and taught to some other classes. The results from the research 

lessons are shared with other teachers for further discussion and adaption. 

 

Lesson study assumes that, if you want to improve teaching, the most effective place 

to do so is in the context of a classroom lesson. If you start with lessons, the problem 

of how to apply research findings in the classroom disappears  (Marton & Pang, 

2003). Lesson study has played an important role in the professional development in 

Japan since more than a hundred years ago (Takahashi & Yoshida, 2004).  It has 

been proved successful as it gives teachers who practise it opportunities to make 

sense of their educational ideas within their practice; change their perspectives about 

teaching and learning; learn to see their practice from the child‟s perspective; and 

enjoy collaborative support among colleagues (Takahashi & Yoshida, 2004). 

 

 In 1999, lesson study was developed into learning study. The first learning study 

was carried out in Hong Kong in 1999; and since then, it has been developed in other 

parts of the world, including Sweden, Brunei and the UK (Lo & Marton, 2012). 

Learning study involves teachers (with or without researchers) working together to 

plan a research lesson, which is then taught by teachers in one or more than one cycle 

(Lo & Marton, 2012). The research lessons are observed, evaluated and modified by 

the team before the next cycle is taught. 

 

Learning study is similar to lesson study. However, while lesson study is primarily 

an arrangement for in-service training of the participating teachers, learning study is 

primarily teachers‟ research, the results of which are supposed to be widely 
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shared with other teachers (Marton & Pang, 2013). In addition, while lesson study 

may or may not be guided by a learning theory, learning study is always premised on 

a learning theory (Lo & Merton, 2012). In learning study, a learning theory is used to 

plan and analyse lessons. In this sense, learning study can be seen as a hybrid 

between lesson study and design experiments, in which specific student learning is in 

the foreground (Marton and Pang, 2008; Kullberg, 2010). In addition, learning study 

takes an object of learning as the point of departure, and the focus of the study is on 

enhancing teachers  to help students learn the object of learning ((Lo & Merton, 

2012).  

 

2.1.1 Variation Theory  

Pang and Ling (2011) recognise two elements that are pertinent in the Learning 

Study (LS) approach: firstly, keeping a sharp focus on the object of learning; and 

secondly, applying the variation theory in every step of the process. Learning study is 

built on three types of variation (Pang & Ling, 2011; Lo, 2012): The first type is 

variation in students‟ ways of understanding the object of learning; the second type is 

variation in the teachers‟ understanding and ways of dealing with the object of 

learning; and the third type is when variation theory is used as a guiding principle of 

pedagogical design.  The three types of variations can also be understood as variation 

in content; variation of teaching and learning methods; and variation in dimensions 

of the object of learning.  

 

Marton and Booth‟s theory of variation (1997) is drawn from the 

phenomenographical research tradition (Tong, 2012). The theory argues that there is 

no single way to understand experience or think about a particular phenomenon. 

Indeed, there is considerable variation in people‟s d iscernment (Tong, 2012), as 
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Marton & Booth (1997) clearly put it: “We cannot be aware of everything at the 

same time in the same way. Hence we are aware of everything at the same time, 

albeit not in the same way.” (p. 123). 

 
You cannot know what something is, without knowing what it is not (Lo, 2012). 

Marton (2009) asserts that, there can be no discernment without experienced 

difference, and there can be no experienced difference without a simultaneous 

experience of at least two things that differ, as Lo and Marton (2012) put it: 

 
Awareness of a single feature cannot exist without the awareness of 
differences (variation) between features. For example, the concept 

of “male” cannot exist without the concept of “female”. If everyone 
in this world were male, we could not discern maleness; it is only 

through experiencing the difference between male and female that 
the concept of male can be discerned, and for the same argument, 
the concept of female. That is, the dimension of variation (gender) 

must be experienced at the same time as its values (male and 
female). Gender is a critical aspect of a person (dimension of 
variation), and being male is a critical feature (a value a long the 

dimension of variation. (Lo & Martin, 2012, p.10). 
 

Therefore, we can never understand how others understand something without 

knowing what it is compared with, or in what dimension of variation it is situated 

(Lo & Marton, 2012).  

 
Variation theory is seen as a powerful theory in exploring the relationship between 

what is taught and what the learners learn (Pang & Lo, 2011). This would 

consequently help to improve student learning. Learning study, therefore, 

investigates teaching in order to provide better opportunities for student learning 

(Kullberg, 2010). 

 

Pang and Lo (2011) express variation theory  as a  powerful  theory in explaining and 

predicting the relationship between what is taking place in the classroom and what 
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the learners learn; and consequently improve student learning. Therefore, learning 

study investigates teaching in order to provide better opportunities for student 

learning (Kullberg, 2010). 

 
Patterns of Variation in Dimensions of the Object of Learning 

Every concept, situation or phenomenon has particular features; and if a feature is 

changed or varied and another remains unchanged, the altered feature is likely to be 

noticed (Kullberg, 2010). Four different patterns of variation have been found in 

analysis of lessons: contrast, separation, fusion and generalization (Marton et al., 

2004). 

 

Contrast helps a learner discern a particular phenomenon, concept, or aspect and 

differentiate it from other phenomena, concepts, or aspects; for instance, 

distinguishing a triangle from other figures which are not triangles (Ling & Marton, 

2010). To make students discern a concept of colour blue, we have to expose them to 

other colours so that they can contrast blue with other colours (Lo et al., 2005).  The 

same pattern can help to develop an ability to separate these aspects from other 

aspects, hence facilitating its discernment.  

 

Fusion and generalisation: Fusion (undivided whole) refers to seeing all aspects in 

relation to each other and to the whole (Marton, 2009). On the other hand, 

generalisation refers to differentiating the critical aspects from those that are not 

(ibid).  Students can learn from the sameness by looking at different kinds of the 

same object, and the aspects that vary within the same object can be discerned; for 

instance, presenting triangles of different dimensions (type, size of angles and length 

of sides) (Ling & Marton, 2010). Or, a teacher may use varieties of blue things such 
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as blue books, blue cups and blue pens to generalize blueness (Msonde, 2011). Ling 

and Marton (2010) conclude that, by paying attention to what remains unchanged in 

the background of varying appearances, the learner can generalize to an invariant 

principle or aspect. They elaborate that, when we teach, we are urged to present not 

only the target of learning but also the alternative generalization separated from what 

is critical from what is not (Ling & Marton, 2010). Therefore, in this study, 

subjective data have been used to describe the objective truth.  

 

2.1.2 Procedures of Conducting a Learning Study 

According to Yoshida (1999) and Pang and Ling (2011), the learning study cycle 

comprises of the following eight steps: 

(i) Choosing a topic, learning object and critical features: A topic is chosen by 

participant teachers from the syllabus. This topic is usually challenging for 

teachers to teach and pupils to learn. Then, a learning object is formulated. 

Finally, from the topic, critical features for understanding the learning object 

are determined through teachers‟ reflections, pre-tests and /or interview with 

the students; 

(ii) Planning a lesson: Teachers  organise relevant teaching resources and  their 

own teaching experiences to plan the lesson;  

(iii) Teaching the lesson:  The class is divided into more than one group, whereby, 

the research lesson is repeated sequentially depending on the number of groups. 

One of the teachers is chosen to teach the lesson, while being observed by other 

teachers in the group. The teacher-observers  note down the strengths and 

weaknesses of the lesson and areas for improvement; 
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(iv)  Evaluating the lesson and reflecting on its effect: The group holds a post-

lesson reflection meeting to evaluate the lesson focussing on its effectiveness 

and possible further improvements; 

(v) Revising the lesson: The lesson may be improved  based on the outcomes of the 

evaluation meeting; 

(vi)  Teaching the revised lesson: The revised lesson  is taught  in another class by 

either the same teacher or another teacher in the group, depending on the 

decisions reached by the collaborating parties; 

(vii)  Evaluating and reflecting: The revised lesson is evaluated again and the 

process goes on until the group is satisfied with the quality of the lesson design; 

and 

(viii) Sharing the results: The learning study is shared and disseminated to other 

teachers in the same school or other schools through a seminars or published 

materials.  Figure 2.1 summarizes the main steps of a learning study as 

described by Lo (2012, p. 33). 
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Figure 2.1: Procedures of Conducting a Learning Study (adapted from Lo, 

2012, p. 33) 

 

 
2.1.3 The Potential of Learning Study in Improving Teaching and Learning  

Under learning study, pupils, teachers and researchers engage in learning. Pupils are 

supposed to learn and discern the object of learning; whereas teachers are supposed 

to learn what the variation theory entails in actual practice  so as to become better 

teachers; and the researchers (teacher researchers included) are supposed to arrive at 

a better understanding of the theory and further develop it to derive pedagogical 

principles that can inform teaching and learning (Lo & Marton, 2012).  

Select a 

Topic for 

Study 

Identify a 

Tentative 

LO 

Diagnose 

Students’ 

Learning 

Difficulties 

Confirm 

the LO 

and its 

Critical 

Aspects  

Plan the 

Research 

Lesson 

Implement & 

Observe the 

Lesson 

Evaluate 

the 

Learning 

Outcomes 

Evaluate the 

Overall 

Impact of the 

Study 

Dissemina

te & 

Report the 

Results  

A
n

o
th

er
 c

y
c
le o

f th
e
 stu

d
y 

 

Variation Theory 



40 

Learning study has been reported to improve student learning. For instance, Ling, 

Chik and Pang (2006) undertook learning study on patterns of variation in teaching 

the colour of light to primary 3 students in Hong Kong. The results showed 

considerable improvement in the students‟ performances. Similarly, according to 

Watkins and Biggs (1996), Asian classrooms were reported to be characterized by 

large class sizes, whole-class teaching, teacher domination and reliance on a  

transmission teaching approach. However, international comparisons of student 

achievements in science and mathematics in Trends in International Mathematics and 

Science Study (TIMSS) and the Programme for International Student Assessment 

(PISA) had consistently shown that Asian students performed better than most of 

their Western counterparts. This was attributed to the fact that the Asian teachers 

focused on students‟ conceptual understanding in their classroom teaching and paid 

greater attention to lesson planning through lesson- learning study (Biggs, 1996). 

Moreover, Msonde (2011) provides the initial experience of learning study in the 

Tanzanian context whereby Mathematics was used in this study for Forms II and III 

students. He reported the study to have improved student learning of Mathematics.  

 

2.1.4 Empirical Studies on Learning Study 

Ling, Chik and Pang (2006) undertook learning study on patterns of variation in 

teaching the colour of light to primary three students in Hong Kong. Two teachers 

teaching General Studies in primary three in a school worked with a team of 

researchers from the Hong Kong Institute of Education to develop the teaching of the 

chosen topic „The Colour of Light‟. The two teachers decided to do a learning study 

on the colour of light, especially the part about rainbows as their pupils had difficulty 

in understanding it. 
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The object of learning was for students to acquire a scientific view of rainbows.  The 

critical aspects deduced were that students should be able to discern: 

(i) The relationship between sunlight (or white light) and the rainbow; 

(ii) Sunlight is composed of lights of different colours and that it is possible for 

sunlight to be split up into its component colour lights, e.g. through 

diffraction by a prism; and 

(iii) Colour lights can be recombined to form white light.  

 

The study involved 101 students from primary three classes in the school. Through 

the interview, it was found out that students tended to associate the emergence of 

rainbow with the prism, rather than with the sunlight. Thus, the concept that sunlight 

and rainbow are related while the prism is only a tool to split up the sunlight became 

critical in developing a scientific view of rainbows. The students‟ performance on the 

pre-test confirmed that the teachers‟ assumptions on the students‟ difficulties and 

misconceptions were accurate. They also realized that, for students to understand the 

relationship between sunlight and its component colours, i.e. the object of learning 

intended, two aspects are critical: 

(i) The prism is only a tool used to split up sunlight, it will not create a rainbow 

by itself; and  

(ii) There is a part-whole relationship between sunlight and the colours of a 

rainbow – sunlight or white light (whole) can be split up into its component 

colour lights (parts) and these colour lights (parts) can be recombined to 

form white light (whole). 
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The teachers discussed basing on their experiences and decided to teach the research 

lesson in a double period (80 minutes) with the following sequence of learning 

activities: 

(i) Establishing the necessary conditions for a rainbow to appear, where a 

teacher discusses with students the conditions for a rainbow to be seen based 

on a textbook; 

(ii) Varying the refracting tools (prism, soap bubbles and water droplets from a 

spray) keeping the sunlight and the rainbow invariant.  Through a series of 

demonstrations and student individual and group works, rainbows are formed 

from sunlight using a prism, huge soap bubbles and water droplets from a 

spray; and  

(iii) The teacher explains the part-whole relationship between the sunlight and 

the rainbow using analogies. 

 
The two teachers taught the research lesson to two classes in two rounds on the same 

day. In the two rounds of teaching, the research team observed the lesson. A post-

lesson conference was immediately held after each lesson to review the practice and 

to discuss what could be improved. The same test used for pre-test was administered 

to the same 101 students again about a week after the research lesson. The results 

showed considerable improvement in the students‟ performances. Also, it was 

observed that different ways of dealing with the object of learning in the two rounds 

of teaching appeared to give rise to different student learning outcomes. The 

difference in the pattern of variation during the implementation of the lesson seemed 

to be a crucial factor, if not the only one, determining what was made possible and 

not possible for the students to learn in the two rounds of teaching (Ling, Chik & 

Pang, 2006). 



43 

Another study was carried out with the primary four mathematics learning study 

(Kullberg, 2010). The study was also conducted in a Hong Kong primary school. 

Four mathematics teachers were involved in the study. Two of the teachers formed a 

learning study group in which they used variation theory to teach two classes of 

primary four students; and the other two teachers in the control group taught their 

classes in the accustomed way. The object of learning found out was to develop 

students‟ ability to understand the notion of „equal shares‟ within the broader 

mathematical topic of fractions.  

 
A pre-test was designed to ascertain how students experienced the notion of „equa l 

shares‟ and how well they had mastered the concept. Based on the students‟ answers 

in the pre-test, the teachers identified one of the critical aspects of the object of 

learning as the relationship between the denominator of a fraction and the meaning of 

a fraction. During the lesson implementation, they teacher first introduced the 

meaning of 1/2 and then varied the denominator by asking students the meaning of 

1/3 and 1/4 whilst keeping the numerator invariant. Subsequently, the teacher 

demonstrated the meaning of 1/2 by cutting a pizza into two equal halves and 

demonstrated halves of other items such as oranges and cakes. Next, to help the 

students discern the critical aspects of „equal shares‟ in fractions, the teacher cut a 

pizza into two unequal pieces and asked the students to compare this with the 

previous scenario in which it was cut into two equal halves.  

 

After the students had learned to discern the notion of „equal shares‟, the teacher 

returned to the meanings of 
3

1
 and 

4

1
 presented earlier in the lesson, asking the 

students to examine whether the notion of „equal shares‟ was present and the 
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meaning of the fractions of 
3

1
 and 

4

1
.  Finally, the teacher used some other examples 

to vary both the number of pieces and whether they were divided into equal or 

unequal parts. In the post-test, 57.14 % of the students in the learning study group 

provided correct answers on the object of learning; while in the control group, only 

29.03% managed to provide correct answers. Thus, the number of students in the 

treatment group managed to appropriate the object of learning as intended ; greater 

than that in the comparison group. 

 

Furthermore, Msonde (2011) provides the initial experience of learning study in the 

Tanzanian context. His study was on enhancing teachers' competencies on learner-

centred approaches through learning study in Tanzanian schools. Therefore, his 

research focused on exploring teachers‟ professional growth through learning study 

cycles. The study was undertaken at Lupanga secondary school located in Morogoro 

Municipality at the foot of Mount Uluguru. It is a public school, which is under the 

Morogoro Teachers‟ Training College management. Mathematics was used in this 

study for Forms II and III students. The teachers in this study dealt with the topics of 

Trigonometry, Co-ordinate Geometry and Circles in the first, second and third 

learning study rounds. In the first topic, the teachers focused on the object of 

learning, relationship of sides of a right triangle and trigonometric ratios; in the 

second topic, they focused on the object of learning, understanding slope of straight 

lines for Form II students; and in the third topic, understanding determinants of arc 

length of circular objects was identified as an object of learning from the topic of 

circles in secondary Form III (Msonde, 2011).  
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Msonde‟s (2011) study was mainly guided by qualitative research approaches. The 

case study and phenomenographical approaches were used. This study explored the 

way three individual teachers experienced and practised LCA in the research school. 

These teachers implemented three learning study rounds: A, B and C. They involved 

255 Form II students in the first two research lessons and 240 Form III students in 

the third research lesson. There were three cycles in each round of learning study. 

Through the learning study cycles, the teachers were accorded an opportunity to 

reflect on the best way to handle the objects of learning (Msonde, 2011). 

 
Based on his findings, he came up with, among others, the following important 

conclusions: 

(i) The teachers involved in the learning studies guided by the variation theory 

improved their understanding of LCA with the focus on student learning; and   

(ii) The variation theory is a powerful framework in guiding teachers towards 

learning the effective ways of designing and teaching LCA lessons. 

Generally, the teachers‟ teaching was transformed gradually from heavy 

reliance on classroom arrangements to primarily involving the students in 

attending to the critical aspects of what was being taught (Msonde, 2011).  

 

The analysis of empirical literature on Learning Study was instrumental in the 

following ways: firstly, it helped the researcher to estimate and justify the sample 

size for learning study from the previous studies; secondly, it served to estimate the 

appropriate time lapse between the research lessons and the post-tests; thirdly, it 

helped the researcher to see examples of how to formulate the learning objects and 

critical aspects; fourthly, it helped the researcher in setting conditions which were 
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critical for learning; and lastly, it provided information on effectiveness of the 

Learning Study Model in various contexts. 

2.2 Difficult Topics and Concepts in Science 

   

Ogunkola and Samuel (2011) conducted a study to investigate the perception of 

students and teachers of the difficult topics in the lower secondary school science 

curriculum of Barbados in the Caribbean region. A new curriculum had been 

developed with emphasis on integrating science concepts with technology and 

societal themes, and an inquiry-based approach to instruction. Despite these efforts, 

the region experienced low student enrolment in upper secondary science courses, 

low student performance, low student interest in science, as well as low student 

attitudes to science. 

 

Eight purposively selected secondary schools were involved in the study. The sample 

for the study involved 200 fourth and fifth forms students and 30 science teachers.  

Stratified random sampling was used to select 25 fourth form students from each 

school and convenience sampling was used to select the fifth form students. The 

researchers used questionnaire for the fourth form students and the science teachers; 

while with the fifth form students, they undertook a focus group interview.  

 

The findings revealed that most students generally found the highest levels of 

difficulty in physics and chemistry concepts such as components of the air, energy, 

and physical and chemical changes. The biology areas of healthy lifestyles, light and 

the eye, and sound and the air were found to be comparably easier. Generally, 

students perceived that biology concepts were more interesting and easier to study as 

they were more realistic than physics and chemistry concepts which tended to be 

more abstract. 
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There are a variety of reasons as to why students may perceive science as difficult in 

comparison to other subject areas.  It may be due to their perceptions of the subject 

based on their experiences with it, or even from information about the subject from 

other persons (Ogunkola & Samuel, 2011). Johnstone (1991) proposes that the 

difficulty in science may be caused by complexity due to ideas and concepts existing 

at three different levels: macro and tangible, micro, and representational or symbolic. 

Chiappetta and Koballa (2006) point out that the prior conceptions about phenomena 

that students bring to the classroom do not correspond well with the scientific 

knowledge to be taught. 

 

Bahar and Polat (2007) did research on the science topics perceived difficult by 

pupils in primary 6 – 8 classes, diagnosed the problems and suggestions for remedy 

in Turkey. Some of the reasons for difficulty of some science topics and concepts 

analyzed include: firstly, the inappropriateness of the language and terminology used 

in the classroom instructions and textbooks. Students were reported to be 

uncomfortable with the language and terminology used in the textbooks and that 

their teachers used in classroom. When the topic is full of unknown words students 

perceive that the topic is difficult to learn. Secondly, the effect of mathematical 

expressions and formulas: students were reported to perceive difficulty when 

learning topics that had too many mathematical expressions in them. Thirdly, when 

there is no active participation to the lessons whereby students play passive roles, the 

students perceive the topics and concepts as difficult to learn as the class is boring 

and uninteresting to learn. Fourthly, the effect of relatedness of the topics with daily 

life:  Bahar and Polat (2007) observe that students are able to understand scientific 

concepts more easily if they are related to the daily lives. Students face problems 
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with scientific concepts which have no connections with their daily lives. Therefore, 

it is the task of the teacher to relate science topics and concepts to the situations in 

the pupils‟ daily lives. Teachers should emphasize problems solving approach using 

knowledge and skills taught in science lessons. Fifthly, the attitude towards science: 

Bahar and Polat (2007) reported that most students had negative attitude towards 

science. The negative attitude was perceived by the students as arising from negative 

feedback from friends and low performance in science exams. Sixthly, students have 

difficulties with the topics that are abstract in nature. Lastly, students‟ 

misconceptions and uncompleted cognitive scheme of the concepts that may obstruct 

to understand the topics meaningfully: students come to learn science with several 

misconceptions and uncompleted cognitive scheme of the concepts that may obstruct 

to understand the topics meaningfully.  

2.2.1 Children’s Misconceptions about Matter 

 

Misconceptions are defined as conceptions that produce errors systematically and are 

resistant to change (Gates, 2010).   Gates (ibid.) adds that, misconceptions can result 

from faulty instruction or may exist before instruction due to the life experiences of 

the child. 

 
Stavy and Stachel (1985) examined the conceptions which children aged between 5 

and 13 had about solids and liquids. They observed that children think of things like 

metals and wood as typical solids. To them, substances which are not hard and rigid 

such as dough, sponge, sand and sugar are not solids. Nevertheless, children think of 

water as a typical liquid. Stavy and Stachel (ibid.) found that, in general, children 

classify new liquids more easily than solids. Perhaps this is because liquids are less 



49 

varied in their physical characteristics. Moreover, gases cause special difficulties for 

children since those commonly experienced, like air, are invisible (Stavy,1988).  

 

In relation to the properties of matter, children were found to have the following 

misconceptions (Kind, 2004): firstly, children conceive that matter is continuous; 

secondly, children conceive that the space between particles is filled – the notion that 

empty space exists between particles is problematic because this lacks supporting 

sensory evidence; and thirdly, children do not appreciate that the particles of matter 

are moving.  

2.2.2 Children’s Ideas and Learning  

 
Studying the characteristics and limitations of children‟s ideas in the learning process 

can improve our instructional strategies (Sharp, Peacock, Johnsey, Simon, Smith, 

Cross & Haris, 2009).   According to Sharp et al. (2009), studies across the world 

with children show that: firstly, children‟s ideas may differ from the scientific ones; 

secondly, children are resistant to change their ideas, even when presented with 

strong evidence; thirdly, children construct ideas which make sense to them 

personally, on the basis of their life experiences; and fourthly, children do not reason 

consistently – they may use sensory reasoning on some occasions and logical 

reasoning on others (Kind, 2004).  It is the role of the teacher to challenge the 

children‟s alternative viewpoints (Sharp et al., 2009). The teacher should also 

provide flexible resources that the children can involve in experiences of their 

interest. 

2.2.3 Misconceptions and Conceptual Change Model in Science Education 

 
 As mentioned earlier in section 2.0, this research employed two theoretical 

frameworks: variation theory under Learning Study Model (LSM) and Conceptual 
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Change Model (CCM), as ways of addressing pupils‟ science learning difficulties 

and misconceptions about matter. Stein, Larrabee, and Barman (2008) assert that, 

everyday experiences can provide evidence that supports incorrect assumptions. The 

term misconception refers to the pupils‟ ideas that are different from the ones 

generally accepted by scientists (Odom & Barrow, 1995).  Similarly, Read (2004) 

argues that, when the knowledge taught in schools is incompatible with common-

sense understandings of the pupils, it can impede comprehension. The process of 

reorganizing the existing knowledge into accepted views is referred to as conceptual 

change. 

 
Furthermore, Posner, Strike, Hewson and Gertzog (1982) assert that, there are four 

conditions which must be met for conceptual change to occur: dissatisfaction with 

existing conceptions, new concept must be understandable, new concept must appear 

initially plausible and the new concept should pave way to new areas of 

investigation.  According to Posner et al. (1982), teaching involves assimilation and 

accommodation. Assimilation involves the use of existing concepts to deal with the 

new phenomenon, whereas accommodation refers to the replacement of existing 

concept with the accepted concept.  

NRC (1997, p. 31) suggests three steps for overcoming pupils‟ misconceptions, 

namely: 

i. Identify pupils‟ misconceptions about the materials; 

ii. Provide a forum for students to confront their misconceptions through 

discussions while thinking about the evidence and possible tests; and 

iii. Help students reconstruct and internalize their knowledge based on 

scientific models. 
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Therefore, after identifying the misconceptions, it is not enough to simply inform 

students of their misconceptions. Students must also be convinced that the scientific 

conceptions are more intelligible, plausible and fruitful than their own mental models 

(Gyoungho, 1999).   

 
On teaching for conceptual change , McDermott (1996) commented that: 

The success of conceptual change instruction depends on the 

ability of learners to reflect on their own thinking and a classroom 

that promotes this. The emphasis should be more on discovering 
rather than memorizing, teaching should be on questioning rather 

than telling. There should be time allotted for open-ended 

investigations, dialogues between the instructor and individual 
student, as well as small group discussions. (McDermott, p. IV) 

 

Gates (2010) in his study on the effects of using the Conceptual Change Model 

(CCM) to dispel misconceptions in science in elementary children observed that the 

CCM is an effective tool in dispelling student misconceptions and stimulating pupils‟ 

interest and engagement in science. Additionally, the results suggest that the CCM 

stimulates student interest and engagement in science.  

 
The term conceptual change denotes learning pathways from pupils‟ preconceptions 

(which could include correct and incomplete conceptions and also misconceptions) 

to the science concepts to be learned (Duit, 2002). Teaching for conceptual change 

takes into account pupil‟s misconceptions and emphasizes conceptual understanding 

as opposed to rote learning.  Along the same vein, Scott, Asoko and Driver (1992) 

identify two categories of strategies to promote conceptual change. The first category 

involves cognitive conflict and its resolution. This category involves confronting 

pupils‟ misconceptions directly and explicitly.  Once the misconception is identified, 

pupils are guided through discussion, hands-on activities, demonstration and the like 

towards the appropriate scientific conception. The second category involves using 
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analogy or metaphor by building upon pupil‟s existing understandings, that are 

somewhat consistent with the scientific view but in need of refinement and 

reorganization in order to be totally in line with the scientific view (Scott, Asoko & 

Driver, 1992). 

 
Fesham (2000) suggests that teachers should select content and structure which 

provide coherence and linkage to children‟s ideas, experiences and needs. Thus, the 

teachers‟ important task is to transform the content in ways that make it accessible to 

students (Wilson, Shulman & Richert, 1987). To perform this task, they need to be 

aware of the areas that are problematic for students and therefore, develop 

appropriate pedagogical content knowledge (Shulman, 1986). Similarly, Corcoran, 

Mosher & Rogat (2009) suggest that science teachers need to explore pupils‟ 

learning progressions as a means for understanding how pupils‟ ideas evolve over 

time. Thus, teaching is expected to become a more reflective practice, which 

increases awareness of different learning styles, backgrounds, experiences and 

learning needs (Hamilton et al., (2010).  

 
Cakici and Yavuz (2010) who explored the effect of constructivist science teaching 

on 4th grade students‟ understanding of matter provided the following suggestions for 

teaching about matter: In teaching about matter, teachers should give more emphasis 

on the basic concepts related to matter, e.g. mass, volume and state rather than giving 

classical examples of matter like table, water and air (Cakici & Yavuz, 2010).  

Teachers need to highlight that matter is everything around us including ourselves.  

O-saki (2007), among others, points out the need to develop a support and reflective 

system for teachers at the school level in handling growing pedagogical challenges 

including large classes and increasing learner variation in ability and aptitude. 
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Furthermore, Semali & Mehta (2012) advocate the development of new and 

innovative thinking, doing and discussing science which focuses on solving real- life 

problems and border-crossing between scientific and home-worlds. Learning study 

that uses variation theory is seen as a powerful theory in exploring the relationship 

between what is taught and what the learners learn (Pang & Lo, 2011). This would 

consequently help to improve student learning.  

 

2.3   Synthesis and Research Gap 

This research employed two theoretical frameworks, namely variation theory under 

Learning Study Model (LSM) and Conceptual Change Model (CCM). Initially, both 

models require identification of challenging areas (areas with more misconceptions) 

for teachers to teach and pupils to learn. Using variation theory under learning study, 

learning objects and critical aspects are derived from the misconceptions and 

learning difficulties. The second stage was to provide a forum for students to 

confront their misconceptions. This stage involved planning and implementing the 

lessons. Learning Study required the lessons be implemented in cycles, with 

reflections between lessons. In addition, learning study suggests the use of variation 

patterns of separation, contrast, fusion and generalisation in aspects of the learning 

objects. This was done in order to help students reconstruct and internalize their 

knowledge based on the scientific models. 

 

The quality of basic education in sub-Saharan Africa is inseparable from the quality 

of the teachers involved (Lauwerier & Akkari, 2015).  Often, there exists discrepancy 

between reforms proposed in the curriculum and how teachers are prepared 

(Mulkeen, 2010).  Teacher training is not conducive to enable the teachers cope up 

with the new forms of curriculum (Akyeampong, 2003). Instead of insisting on 
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particular pedagogical approaches, Barrett (2007) advises teachers and their trainers 

to be involved in field-based research on their practice.  

 

Moreover, there are few science teaching and learning materials in Tanzania which 

guide teachers on the use of the learner centred approaches (Tilya, 2003; Mafumiko, 

2006; Kafyulilo, Rugambuka & Moses, 2012). However, there are a few studies 

which have been done in Tanzania on the development of science curriculum 

materials (Tilya, 2003; Kitta, 2004; Mafumiko, 2006; William, 2012). However, they 

were mostly focussed on secondary schools (Tilya, 2003; Kitta, 2004; Mafumiko, 

2006; Msonde, 2011; William, 2012; Gabrieli, 2013).  

 

In 2009, the then Ministry of Education and Vocational Training (MoEVT) and 

Japanese International Cooperation Agency (JICA) established a bilateral 

programme for improving secondary schools‟ science teaching skills through in-

service training in the country (Kibga, 2013). The programme involved science 

teachers within the country. Through this programme, science teachers were trained 

on the use of home-found materials in conducting practical works. Teachers were 

also oriented to conduct Lesson Study as a collaborative mode of improving 

teaching. Under this programme, one school was selected as a venue, and teachers 

with similar subjects from nearby schools were involved in the learning study. This 

programme was also directed to secondary schools.  Learning study was done only in 

one secondary school in Morogoro region, Tanzania (Msonde, 2011).  That study 

was on Mathematics subject, not Physical Sciences.   

 

Although content is an important aspect in teaching, a few theories of learning 

provide guidance to teachers on what content to choose and structure so as to help 

students learn (Lo, 2012). This guidance focuses on the development of materials 
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through empirical studies that can provide appropriate guidance for teachers on how 

to choose appropriate content that supports students‟ learning (Lo, 2012). 

Furthermore, the nature of the materials and the pedagogical arrangement to enhance 

pupils‟ learning about matter and change of state have not yet been established in the 

African countries, including Tanzania. Moreover, little is known about children‟s 

misconceptions about matter and change of state that has been carried out in the 

African context. Although a study by O-saki and Samiroden (1990) demonstrated 

that many studies on children conceptions were undertaken in the 1980s and 1990s, 

most of them were conducted on students in developed countries, particularly 

Europe. A few of such studies were reported from Africa, mainly from Nigeria. 

Hence, children‟s learning difficulties in the topic of matter have rarely been 

systematically explored and addressed.   However, little work has been done to 

address similar problems in primary science teaching and learning in Tanzania. 

Therefore, lack of studies in this area has led to the lack of research-based knowledge 

on how to improve pedagogical practice and hence student learning and achievement 

from primary level has been spilling misconceptions at the secondary level and 

beyond. Therefore, this study is expected to provide initial experience of learning 

study in primary schools in the Tanzanian context.  

 

2.4 Conceptual Framework of the Study 

Under this study, initially, teachers and the researcher investigated content areas 

which were problematic for pupils. Then, the appropriate content was selected and 

structured to make it accessible to these pupils. The research process was mainly 

guided by the Variation Theory (VT) and the Conceptual Change Model (CCM) as 

frameworks for organizing learning experiences in addressing pupils‟ content related 
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learning difficulties about Matter. The LO was derived from the objectives found in 

the syllabus, the content extracted from the textbooks and pupils‟ prior knowledge. 

Then, content related learning difficulties and misconceptions were identified 

through focus group discussions and pre-tests. Afterwards, the learning object was 

formulated and critical aspects for discernment of the LO were identified. Then, 

variation patterns were set and methods which reflected the necessary conditions for 

discerning the object of learning were included in the lesson plan.  

 

Then, the research lesson was implemented in two rounds while reflecting on the 

learning difficulties and the ways to address them. During research lesson 

implementation, pupils were guided to discuss their prior conceptions and confront 

their misconceptions. Then, pupils were helped to reconstruct and internalize their 

knowledge based on scientific models, considering variations in dimensions of the 

critical aspects. Hence, the focus was on pupils‟ discernment of the learning object as 

shown in Figure 2.2. The research lesson was then taught in two cycles with 

identification of shortfalls and improvements in between through teachers‟ reflection.  
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Figure 2.2: Conceptual Framework for the Study 

 

Altrichter (2005) describes two categories of curriculum development approaches. 

These are the adoptive evolutionary and programmed approaches. In an adoptive 

evolutionary approach, the curriculum materials are developed during and through 

the implementation process; while in the programmed approach, the curriculum is 

designed prior to its implementation. The adoptive evolutionary approach enables the 

implementer to adopt an innovation to the situational characteristics as the 

implementer participates actively in the process (Altrichter, 2005). Hence, this study 

sought to identify the characteristics of curriculum materials which address the 
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pupils‟ content related learning difficulties. This was done though designing and 

implementing research lessons. 
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CHAPTER THREE 

RESEARCH METHODOLOGY  

This chapter presents the procedures which were used during the research process 

and elaborates on the choices made in designing, developing and evaluating the 

exemplary lesson materials using learning study approach. It presents the research 

approach, designs and process. It also presents data analysis plan, issues of reliability 

and validity, and ethical considerations involved in the study.  

 

3.1 Research Approach 

This study used both quantitative and qualitative research approaches. While 

qualitative data provided detailed views of the participants, quantitative data 

provided useful information on the learning difficulties and learning outcomes 

extracted from the test scores. This research employed mixed design called the 

convergent parallel. Convergent parallel mixed methods is a strategy in which a 

researcher collects both quantitative and qualitative data, analyzes them separately, 

and then compares the results to see if the findings confirm or disconfirm each other 

(Cresswell, 2012).  

 
In the context of this study, qualitative data were collected during the whole process 

of designing and evaluating the learning materials. Quantitative data included pre- 

and post-tests results of the pupils before and after using the materials. This research 

process used advocacy (liberatory) philosophical framework whereby a researcher 

usually uses qualitative methods of data collection and complements them with 

quantitative methods where necessary, to help people achieve social changes in their 

society (Freire, 1970; Lodico et al., 2006). The philosophy assumes that there are 

multiple possible realities that are dependent on social, political and economic 
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contexts (Lodico et al., 2006). On the other hand, Freire (1970) asserts that, research 

should be conducted in a collaborative manner, with community members 

participating in the selection and analysis of themes during data analysis. This 

collaboration requires that the researcher engage in respectful dialogue with the study 

participants and understand reality from the perspectives of the community (Freire, 

1970).  

. 
The study involved teachers and the researcher working together to plan research 

lessons, which were then taught by teachers in two cycles. The research lessons were 

implemented in the classrooms, observed during the teaching and learning process, 

evaluated and modified by the learning study team before the next cycle was 

implemented. In the process, science learning difficulties were identified and 

characteristics of the curriculum materials in addressing the learning difficulties were 

documented. The assumption was that the results would come up with new ideas, 

which in turn would improve the teachers‟ working culture and teaching approaches 

using pupils‟ experiences and needs. The learning study model was used as a tool to 

develop curriculum materials in addressing pupils‟ science learning difficulties and 

improve the school culture and practices.  

 

3.2 Research Designs 

This research employed developmental and phenomenographical designs. 

Developmental (educational research design) is the systematic study of developing 

and evaluating educational interventions, as solutions for complex problems in 

educational practice (Plomp, 2009).  Plomp (2009) argues that, by its nature, 

developmental design is relevant for educational practice, as it aims at developing 

research-based solutions for complex problems in educational practice.  
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Phenomenographical perspective presupposes that different people conceive the 

same phenomenon differently. However, within these subjective experiences, there 

are essential structures that characterise such experiences (Marton & Booth, 1997). 

Therefore, whereas experience is subjective, essence is universal. This study 

explored different experiences from teachers and pupils to come up with curriculum 

materials. 

 

3.2.1 Developmental Research Design 

This study developed curriculum materials through learning study and conceptual 

change models, and explored the characteristics and effectiveness of the materials in 

addressing science content related learning difficulties.  Plomp (2009) adds that 

developmental study aims at advancing our knowledge about the characteristics of 

these interventions and the processes of designing and developing them.    

 

The study involved teachers and the researcher working together to plan research 

lessons, which were then taught by teachers in two cycles. The research lessons were 

implemented in the classrooms, observed during the teaching and learning process, 

evaluated and modified by the learning study team before the next cycle was 

implemented. In the process, science learning difficulties were identified and 

characteristics of the curriculum materials in addressing the learning difficulties were 

documented. The assumption was that the results would  come up with new ideas, 

which in turn would improve the teachers‟ ‟working culture and teaching approaches 

using pupils, experiences and needs”.  Therefore, the research design for this study is 

developmental.  Learning study model was used as tool to develop exemplary 

curriculum materials in addressing pupils‟ science learning difficulties, and improve 

the school culture and practices. 
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3.2.2 Phenomenographical Research Design 

Learning science requires pupils to be socialised into a new way of viewing and  

describing the world as seen by the science community (Scott, Asoko, Driver & 

Emberton, 1994). Phenomenographical research seeks to describe qualitative ways of 

experiencing phenomena as a reflection of peoples‟ perceptions of the world around 

them (Msonde, 2011). Moreover, Harlen and Qualter (2004) assert that the overall 

goal of primary science is to help children make sense of the phenomena and events 

of the world around them. Such phenomena, in this study, include learning, matter 

and the states of matter, and the learning objects under the topic. Learning study is 

dynamic, interpretative, and involves meaning-making practices (Carlgren, 2012). 

Hence, this study perceives learning as helping learners experience the essential 

structures in matter and its states in the successive cycles. Learning in this study is 

perceived as a change in the meaning constructed from experiences of phenomena 

and events through posing good problems. It is constructed by interplay among 

students´ existing knowledge, the social context and the problem to be solved 

(Baruque & Melo, n.d.).  

 
This study explored the way pupils perceived about matter and its states before, 

during and after the lesson.  The study also sought to understand how teachers 

viewed their pupils‟ experiences of matter and its states before, during and after the 

lesson. In addition, the study explored teachers‟ perceptions about the ways of 

making pupils learn best about matter and its states. Our experience and conception 

of the world are inter-subjective because we experience and conceive the world with 

and through others (Wilson, 2002).  
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3.3 Study Location 

This study was conducted in Dodoma Region located in Tanzania. The region has a 

total of 757 primary schools, out of which 26 are privately owned with English as the 

medium of instruction. The region consists of seven districts: Bahi, Chamwino, 

Chemba, Dodoma Municipality, Kondoa, Kongwa and Mpwapwa. The Primary 

School Leaving Examination (PSLE) results for the region were reported below 

national standards (Jamhuri ya Muungano wa Tanzania (JMT) (2015). For instance, 

in 2015, the regional position was 24th among the 25 regions of Inland Tanzania 

(JMT, 2015).  The pass rates for the years 2014 and 2015 for each district are shown 

in Table 3.1. The national pass mark for primary school pupils was 50.  

 

Table 3.1:  PSLE Pass Rates 2014 & 2015 in Dodoma Region Districts 

Source: JMT (2015) 

As indicated in Table 3.1, the results show the PSLE performance of pupils in 

primary schools in Dodoma region However, Dodoma municipality was leading in 

terms of performance among the districts within the region with the pass rates of the 

years 2014 and 2015. Yet its performance was poor taking into consideration that the 

district was expected to have more conducive teaching and learning environment, in 

comparison with the peripheral districts. For instance, in the PSLE results in the year 
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2015, Dodoma Municipality ranked 108th among 166 districts of mainland Tanzania 

(JMT, 2015). In that examination, there were cities, municipalities and town councils 

making a total of 30. Among these, Dodoma municipality held 28th position and thus 

was selected for this study. Two primary schools in Dodoma municipality, Kaloleni 

and Mnadani, were involved in this study.  

 

3.4 Population of the Study 

All teachers at Kaloleni and Mnadani primary schools constituted the population of 

the study. At the implementation of the study, Mnadani Primary School had forty 

two (42) teachers and Kaloleni had twenty eight (28) teachers. In addition, all 

Standard Six pupils at Kaloleni and Mnadani primary schools constituted the 

population of the study. There were 93 Standard Six pupils at Kaloleni primary 

school and 169 pupils at Mnadani Primary school.  

 

3.5 Sample and Sampling Techniques 

3.5.1 Schools  

 

Learning study is usually not conducted in a vacuum; it is conducted in a classroom 

setting in schools. The school context influences the learning study model. Two 

schools were involved in the study in Dodoma municipality.  The criteria for selecting 

these schools were: the number of science teachers in the school, willingness of 

teachers to participate in the study, administrative support, collaborative school 

climate and availability of time for teachers‟ collaboration. These were considered, 

as suggested by Perry and Lewis (2008) in Msonde & Pang (2012).  Although the 

researcher planned to conduct the research in two schools, he asked permission to 

conduct the research in four schools for fearing that some schools might not be 

willing to host such a study. Fortunately, the first schools that were visited accepted 
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to host the study and were meeting the criteria for inclusion in the study.  Prior to the 

main study, a pilot study was conducted at Kaloleni primary school.  It should be 

noted that, although the pilot and the main study were conducted in the same school, 

the Standard Six pupils were different as the studies were conducted in consecutive 

years. 

 
3.5.2 Teachers 

During the implementation of the study, as there were three (3) science teachers at 

Mnadani primary school and four (4) science teachers at Kaloleni primary school,  

three (3) science teachers from each school who were more experienced in teaching 

standard 6 were involved in the study. Hence, one teacher was left at Kaloleni 

Primary School as she had no experience of teaching standard six. Since the 

researcher acted as a teacher-researcher in both schools, a team of four science 

teachers was formed in each school.  Concluding from empirical studies on Learning 

Study, the sample of three teachers was appropriate. For instance, Ling, Chik and 

Pang (2006) involved two teachers; Kullberg (2010) involved four teachers; and 

Msonde (2011) involved three teachers. These teachers acted as teachers-researchers 

with a view of exploring pupils‟ content related learning difficulties, structure of the 

content and methods to address the learning difficulties among the pupils, and reflect 

on the effectiveness of the model.  It is also important to note that the pilot study at 

Kaloleni primary school involved four science teachers, out of whom two were 

involved in the main study.  The other two science teachers had been transferred to 

other schools. 
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3.5.3 Pupils  

All Standard Six pupils at Kaloleni and Mnadani primary schools were involved in 

this study. There were 93 Standard Six pupils at Kaloleni primary school and 169 

pupils at Mnadani Primary school. In the previous empirical studies, the size of the 

class appeared to be not a critical issue. Ling Chik and Pang (2006) involved 101 

pupils who were divided into two groups.  Msonde (2011) involved 255 Form Two 

students who were divided into three groups, and 244 Form Three students who were 

taught in three groups. The pilot study involved 74 Standard Six pupils of the year 

2015, who were divided into two groups: Group 1 with 39 pupils and group two with 

35 pupils. 

 

Standard Six was purposefully selected as most of the content on the topic of matter 

is taught at this level. This is in accordance with the primary science syllabus (2005).  

Gates (2010) asserts that it is in the early preschool and elementary years of school 

that teachers can best focus on preventing the formation of misconceptions, so that 

the mental models that children develop and carry with them throughout life are not 

in opposition to the conceptual models that are supported by the scientific 

community. Kind (2004) adds that many students aged 11-18 are likely to have 

misconceptions in some basic areas of science, as they struggle to come to terms with 

abstract ideas which characterise science. In accordance with the Tanzanian 

education system, the age of standard six pupils lies between 11 and 13. The class 

was randomly divided into two groups using systematic random sampling. The 

content related learning difficulties were explored among the pupils. Through 

achievement tests and classroom observations, effective characteristics of the 

curriculum materials in addressing the content related learning difficulties were 
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realised through the pupils. The pupils were used to evaluate the effectiveness of the 

exemplary curriculum materials in enhancing student learning of matter.  

 

3.6 Data Collection Methods and Instruments 

This study involved documentary reviews, interviews, participant classroom 

observations, science achievement tests and focus group discussions for data 

collection. It used focus group discussions with the teachers and science achievement 

tests to pupils to identify pupils‟ content related learning difficulties. To explore the 

characteristics of learning study in the process of addressing pupils‟ content related 

learning difficulties, this study used participant lesson observations, teachers‟ 

focussed group discussions and science achievement tests. Finally, this study 

evaluated the effectiveness of curriculum materials in addressing the pupils‟ content 

related learning difficulties through teachers‟ focus group discussions and analysis of 

the pre- and post-tests using t-tests. 

 

3.6.1 Document Reviews 

Three types of documents were reviewed in this study: the Swahili version of the 

Primary Science Syllabus (2005), primary Standard Six text books and pupils‟ 

classroom worksheets. The Swahili version of the Primary Science Syllabus (2015) 

was reviewed to identify the problematic content areas and deduce the lesson 

objective from it. In addition, the text books were reviewed in order to select 

appropriate content which could be structured to address the pupils‟ science learning 

difficulties. Pupils‟ classroom worksheets were also reviewed to examine the pupils‟ 

learning progress. 
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3.6.2 Interviews 

Semi-structured interviews with teachers were used to diagnose pupils‟ learning 

difficulties (objective 1) in the research schools. This was done during the baseline 

study. The nature of the questions required teachers to identify the science content 

related learning difficulties, the causes of those learning difficulties, the ways they 

were using to diagnose and solve learning difficulties, and their suggestions on the 

ways to improve science learning. 

 

 The semi-structured interview guide (see appendix IA) was also used to explore the 

ways with which the learning study model addressed pupils‟ learning difficulties and 

evaluation of the process (objectives 3 and 4). The main question here was, „how did 

the materials developed under the learning study model influence pupils‟ learning 

achievement? The aspects which were considered here included: pupils‟ learning, 

teachers‟ learning, the lessons learned by the teachers during the development of the 

learning study about teaching and the challenges encountered during the Learning 

Study. 

 
3.6.3 Focused Group Discussions 

Focus group discussion (FGD) with the teachers was used in this study in order to 

obtain shared understanding among the teachers involved (Cresswell, 2012). The 

group was constituted by four teacher-researchers.  FGD with the teachers was used 

to explore the ways with which the LS model addressed pupils‟ learning difficulties 

(objective ii). In addition, such a tool was used to explore pupils‟ ways of learning 

about matter and its states through the subsequent cycles of learning study (objective 

iii); and evaluate the effectiveness of the design (objective iv). The focus group 

discussion guide (see appendix IX) was used to develop the exemplary curriculum 



69 

materials and study their characteristics in relation to the enhancement of pupils‟ 

learning through the teachers‟ focused group reflections. Care was taken by the 

researcher not to dominate the discussion, as the discussions were led by the teachers 

in turns. Note books were used by the researcher and participating teachers to collect 

any relevant information that could be obtained during group discussions. 

 

3.6.4 Classroom Observations  

The study developed exemplary curriculum materials and studied their 

characteristics. Through classroom participant observations, the study explored 

pupils‟ ways of learning throughout the cycles of learning study (objective 2). Video 

recording and review with the teachers helped to explore the effective ways with 

which the LS model addressed pupils‟ learning difficulties (objective 2). This study 

monitored pupils‟ learning progress. Therefore, observations p rovided an opportunity 

to record information as it occured in a setting, which was used for reflection 

(Cresswell, 2012). The classroom observation guide (see appendix X) was used to 

guide the observation. Each teacher observer was provided with the lesson plan 

during lesson implementation, to see whether the lesson was implemented as planned 

or not, according to the critical conditions set for addressing the critical aspects. 

Pupils‟ reactions were also observed when given tasks to perform. Pupils‟ work 

sheets were collected for lesson reflections after the lesson. Note books were also 

used by the researcher and participating teachers to collect any relevant information 

that could be obtained during lesson observations.  

 
3.6.5 States of Matter Achievement Tests 

This tool (see appendices IIIA, IIIB, IV & V) was used to identify pupils‟ learning 

difficulties with respect to learning about matter (objective 1), to explore the 
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changes in the range of pupils‟ understanding of matter in the subsequent cycles of 

the learning study (objective 3); and to evaluate the effectiveness of the exemplary 

curriculum materials in enhancing student learning of matter (objective 4). The test 

items were composed of mostly objective items, with supply items; for instance, 

sorting out and identifying characteristics, with a few subjective items. The same 

test was used as pre- and post-tests for each research lesson. In test results analysis 

for each question, the teacher-researchers observed how many pupils got the 

question right and how many of them got it wrong, and what were the frequent 

alternative answers provided by the pupils.  

 

3.7 The Research Lessons Process 

This research assumed that the pupils‟ misconceptions about matter would change 

towards more valid concepts if they were taught with the curriculum materials 

developed under learning study  and conceptual change models. The dependent 

variable in this study was the discernment of the learning objects derived from 

objectives of the lesson, the selected content in terms of the critical aspects, pupil‟s 

prior knowledge, teaching methods and strategies developed by the teachers. The 

independent variable in this study was the learning study model. The study used 

repeated tests, classroom observations and focussed group reflections to discover the 

changes in pupils‟ learning progressions before, during and after the lesson iterations. 

The study involved successive tests and observations throughout the programmed 

intervention and assessed the characteristics of the change process as suggested by 

Cohen et al. (2007).  

 
In each school, Standard Six pupils were randomly  divided into two groups, where 

the first group was taught by the first version of the research lesson materials (lesson 
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plans and teaching notes), while the second group was taught with the improved 

version. William (2012) asserts that, the critical issue in curriculum design is how to 

make the designed approach be applicable in various contexts. It is during the 

implementation process that the teachers and students would show the nature and 

extent of the actual changes intended (William, 2012).   

 
The design used the Learning Study and Conceptual Change models to develop learning 

materials and investigate the process of learning in the primary science curriculum. The 

learning study model used Marton and Booth‟s Theory of Variation (1997). This 

research study involved six objects of learning. Some of the LO objects were similar, 

but not necessarily the same. Each object of learning involved two cycles of learning, 

thus making a total of twelve cycles. Three objects of learning were dealt with in 

each school; Mnadani and Kaloleni respectively.  The research process was carried 

out in the following stages (see figure 3.1): 

(i) Identifying the object of learning (LO) and critical aspects (CAs): 

During this phase, the participating teachers collaboratively selected the 

topic for the study from the primary school science standard VI 

syllabus. They also identified and confirmed the object of leaning and 

critical aspects through focused group discussions among the teachers 

and pre-test to the pupils. The teachers also suggested the best ways to 

help students resolve their learning difficulties. 

(ii) Planning the lesson:  This stage involved planning, reviewing and 

rehearsing the lesson. This stage involved discussion and identification 

of activities and tasks that would create the patterns of variation of the 

critical aspects of the object of learning (LO), involvement of students 

in discerning the critical aspects of LO sequentially and simultaneously, 
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assessment activities during the lesson and suitable teaching resources 

(Msonde, 2011). Figure 3.1 shows the research process design.  

 

Figure 3.1: The Research Process Design (adapted from Lo, 2012,p. 33) 

 

(iii) Implementing and observing the lesson: One teacher implemented the 

lesson while the researcher and other practitioner teachers observed and 

video recorded the lesson. Each teacher observer was provided with the 

lesson plan to check whether the lesson was implemented as planned or 

not, and observed pupil reactions when given tasks to perform. Pupils‟ 

work sheets were collected for lesson reflections after the lesson. The main 

focus was realization of the CAs among the pupils.   

(iv) Lesson review: After each research cycle, teachers and the researcher 

reflected the lesson, focussing on the following questions: How was the 
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lesson in each cycle taught?; What did students learn in each cycle?; 

What couldn‟t they learn in each stage and what were the possible 

reasons?; and how can we improve the lesson plan for the next cycle 

(Tong, 2012)?  Hence, the views and experiences of teachers on students‟ 

learning were used for continuous improvements of the lessons.  

(v) Overall evaluation: This step involved evaluating the overall learning 

outcomes of the research through discussions between the researcher, the 

teachers and some pupils. Therefore, this step involved evaluations of the 

overall impact of the study on pupils‟ learning.  

 
The research lesson development details are shown in Figure 3.2. All the processes 

in the research lessons were guided by variation theory (VT) at the centre. The 

study applied VT by considering variations in teachers‟ and pupils‟ perspectives on 

teaching and learning about matter. The variation theory was also applied as the 

main pedagogical design guideline.  
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Figure 3.2: Research Lesson Development in the Study 

 
 
3.8 Data Presentation, Analysis and Interpretation Plan 

Quantitative data analysis was done to identify changes between the pre-intervention 

and post- intervention pattern of individual, as well as group scores (Martella et al., 

1999). Descriptive statistics, one-way between groups analysis of variance 

(ANOVA) and one-way repeated measures analysis of variance were used to analyse 

data and test differences of scores among the groups; and the pre- and post-

intervention scores. A confidence level of 95 was used. The analysis involved 

examining achievement between the subsequent prototypes. It involved finding out 

whether variation in the prototypes created variation in mean scores between the pre- 

and post-tests, and between groups. One-way ANOVA (F-ratio) was used to 
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determine whether the variances in the mean scores among the two groups were 

equal, at different levels of the intervention. ANOVA is used when you have one 

quantitative dependent variable and one categorical independent variable (Johnson & 

Christensen, 2017).   

 

According to Cramer (2003), in analysis of variance, between-groups variance 

estimate with the within-groups variance estimate are compared. If the between-

groups variance estimate is considerably bigger than the within-groups variance 

estimate, the differences between the means are unlikely to be due to chance or error.  

The ratio of the between-groups variance estimate to the within-groups variance 

estimate is known as the F-test in tribute to Sir Ronald Fisher who developed 

analysis of variance: 

 

The bigger ratio of the between-groups variance estimate to the within-groups 

variance estimate (F) indicates that, the means of the groups differ significantly from 

each other (Cramer, 2003).Data presentation and analysis plan is summarised in 

Figure 3.3. 
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Figure 3.3: Data Analysis Plan of the Study 

 
The assumption was that the achievement of each cycle of learning study (LS) would 

be better than that of the previous cycle. Hence, the main assumption was that the 

difference in scores between the pre- and post-tests would be greater for the group 

taught with the second prototype followed by the first prototype respectively. 

 

However, with the qualitative data from interviews, observation schedules and group 

discussions, data analysis involved categorization and interpretation in terms of 

common themes. The study identified common themes in the participants‟ 

description of their experiences on the process and outcomes of the process (Leedy & 

Ormrod, 2001; Mafumiko, 2006; Dawson, 2009). The participants‟ experiences were 

merged with the researchers‟ experiences to construct essential structures. The 

achievement tests and pupils‟ worksheets were also analysed through content 

analysis method, using frequencies and percentages, to discover their changes in 

understanding before and after the successive lessons. Through content analysis, the 
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responses from the scripts were coded by content and then quantified (Dawson, 

2009). 

 

3.9 Validity and Reliability of the Design and Research Instruments  

3.9.1 Validity of the Design and Research Instruments  

The types of validity addressed in  the context of this study were  four (Cohen, 

2012): first, the extent   to which the explanation of a particular event, issue or set of 

data which a piece of research provides can actually be sustained by the data 

(internal validity);  second, the degree to which the results of this research can be 

generalized to the wider population cases or situations (external validity); third, the 

extent to which  the researcher‟s understanding of  constructs  is similar to that which 

is generally accepted to be the construct (construct validity); and fourth,  the degree 

to which the instrument covers the domain or items it purports to cover.  

 

The methods which were used to enhance validity included: piloting, using multiple 

researchers system, use of field notes and video recorder to record and store data, 

expert review and triangulation. Firstly, the design was piloted at Kaloleni primary 

school, prior to its implementation. Secondly, the study used multiple-researcher 

system whereby the teachers involved acted as participant researchers assisting in 

collecting, interpreting and examining the data. Thirdly, the research made use of 

field notes and video-recorder to record and store data, which could be retrieved 

when needed, for assurance of their accuracy during subscriptions. Fourthly, the 

design and instruments were reviewed by two curriculum design experts from the 

University of Dodoma. In addition, two research lesson implementations at Mnadani 

primary school were also observed by one of the curriculum design experts. Fifthly, 

the study employed triangulation of research methods to cross-check the accuracy of 
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the data obtained; for instance, on identification of pupils‟ content related learning 

difficulties, prior to the implementation of research lessons, two methods were used, 

namely teachers‟ FGDs and science achievement tests to the pupils. In addition, 

during the evaluation of the effectiveness of the materials, post-tests were 

compounded with teachers‟ reflective FGDs.  In addition, the study made use of 

triangulation of space by conducting the research in two different primary schools, to 

increase the degree of external validity of the research design. Hence, validity was 

socially determined to reflect the preferences and views of interested parties; in this 

case, the teachers, researcher and curriculum design scholars.  

 

3.9.2 Reliability of the Research Instruments  

 
The design and research instruments were piloted in small scale before being taken 

for use in large scale and the reliability measures were calculated and appropriate 

improvements were made.  In the case of tests, test-retest reliability was employed as 

a measure of ensuring stability. In this study, reliability is a measure of consistency 

over time and over similar samples. A reliable instrument for a piece of research 

would yield similar data from similar respondents over time (Cohen, 2012). The pre-

tests set were administered twice to some group I pupils from Mnadani primary 

school. The number of pupils involved in reliability testing was 65 for the test for 

research lesson I, 57 for research lesson II and 56 pupils for research lesson III. The 

assumption was that a reliable instrument would yield similar data from similar 

respondents in similar circumstances.  The correlation coefficient of the science 

achievement tests (pre-tests) was calculated by using test-retest method by using 

Pearson statistics, as it is evident in Table 3.2.  
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Table 3.2:  Pearson Statistics for the Test-Retest Results 

Test Number of 

Pupils (N) 

Pearson 

Correlation 

P-Value 

Pre-test I 65 0.647 0.000 

Pre-test II 57 0.671 0.000 

Pre-test III 56 0.729 0.000 

           Source: Field Data (January, 2015) 

 
     Cohen (1988) suggests the following guidelines for interpretation of correlations:  

                                r = 0.00 no relationship 

                               r = 0.10 to 0.29 or      r  =  -0.10 to -0.29    small correlation 

                         r = 0.30 to 0.49 or     r  = -0.30 to -0.49    medium correlation 

                                r = 0.50 to 1.0 or       r  =  0.50 to 1.0          large correlation 

 The correlations, for all three tests, were higher than 0.5 indicating that, they were 

with higher degree of reliability.  

 
Qualitatively, reliability in this study refers to inter-observer reliability whereby 

another observer with the same theoretical framework and observing the same 

phenomena would have interpreted phenomena in the same way (Cohen, 2012). This 

was achieved through data collection, analysis and interpretation collaboratively with 

the participating teachers, the researcher being just the facilitator in the process.  The 

lessons were planned, implemented and evaluated collectively.  

 

 
3.9.3 Ethical Considerations 

This research was done in conformity with the research guideline of the University of 

Dodoma. Research clearance to conduct research in Tanzania was provided by the 
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University of Dodoma. Permission was sought from the concerned authorities 

including the Regional Administrative Secretary (Dodoma Region) and Municipal 

Director (Dodoma Municipality). Permission was also sought to work with the 

teachers and pupils from the Heads of the research schools. Moreover, permission 

was sought from the Heads of schools and teachers as caretakers of the children to 

take pictures and video recording for the lesson reviews and analysis.  

 

Participation in the research was voluntary for all participants including the schools, 

teachers and students. Any participant was free to withdraw after the research had 

started at any stage of the research, and any personal data that could have been 

collected from the person would have been cancelled. In addition to that, all data 

were treated as confidential. Moreover, the relationship between the researcher and 

the practising teachers was that of professionals cooperatively conducting a research. 

Also, during classroom observations, only actions that were part of the subject 

teaching were counted. Other regulatory and administrative actions were not taken 

into consideration. 
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CHAPTER FOUR 

DATA ANALYSIS AND FINDINGS 

 

This chapter presents the findings from the design, implementation and evaluations 

in the development of the learning study model.  It is worth noting that, this 

presentation is organised according to the objectives, but not in accordance with the 

research cycles. The study identified pupils‟ content related learning difficulties in 

the topic of matter in primary science (Standard Six); investigated the ways with 

which the learning study model could address content related learning difficulties to 

enhance teaching and learning about matter; explored the changes in the range of 

pupils‟ understanding of matter in the subsequent cycles of the learning study; and 

evaluated effectiveness of the developed curriculum materials in enhancing student 

learning of matter.  The research was done in two phases: The first phase of the 

chapter presents the findings of the pilot of learning study mode within the context 

and the second phase presents the findings of the main research intervention process. 

 

4.1 Findings of the Pilot Study 

The design was piloted at Kaloleni Primary School prior to the main intervention. 

The purpose of the pilot study was to explore feasibility of learning study in 

addressing pupils‟ science learning difficulties and its effectiveness in primary 

schools. Hence, specifically, the pilot study identified difficult science content for the 

Standard Six pupils; it addressed pupils‟ content related learning difficulties through 

learning study model; and it examined the effectiveness of the model in addressing 

the content related learning difficulties.  

 



82 

The study involved a total of seventy four (74) Standard Six pupils from Kaloleni 

primary school. These pupils were randomly divided into two equal groups of 37. 

There were three female teachers who were teaching science during the pilot study, 

all with academic qualification of Certificate in Primary Teacher Education. 

 
Through focused group discussions between the researcher and the teachers, the 

study identified the difficult content in primary science Standard Six Syllabus, 

formulated the learning object and selected critical aspects to be focused on the 

lesson. Then, through interviews with the pupils and analysis of the achievement 

tests, the study identified the content related learning difficulties. The effectiveness 

of the learning study model was examined through analysis of science achievement 

tests administered to the involved pupils and teachers‟ focused group reflections of 

the research lessons. 

 

4.1.1   Identification of the Difficult Content, LO and CAs during the Pilot  

          Study 

During the pilot study, the content related learning difficulties were identified 

through teachers‟ focused group discussions (FGD) and pre-testing. During FGD, 

teachers were provided with the Primary School Science Syllabus (MoEC, 2005) and 

were asked to discuss and identify the topics and areas they considered difficult for 

their pupils to learn. During the discussions with the teachers, two topics (domains) 

were identified to be the most challenging ones from the primary Standard Six 

science syllabus (2005). These are: 

(i) Structure of Matter; and  

(ii) Energy, Machines and Work.  
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Under these topics, the teachers explained that pupils were facing difficulty in 

describing the structure and properties of matter and its change of state; expressing 

energy transformation; and expressing machines and work using the mathematical 

expressions. The teachers proposed to start with Structure of Matter. The teachers 

preferred to focus on Matter and its States as it appeared to be a more important base 

for learning many science concepts. The general objective of the lesson was to 

classify matter in the three states among the commonly existing objects. The 

learning object set was to illustrate the features which distinguish the three states of 

matter.  With this learning object, pupils were required to illustrate, using practical 

tasks and drawings, the properties of matter, which distinguish the three states. 

 
Teachers were asked to identify tentative critical features so that they could be used 

to set a pre-test. They were asked to consider two questions:  

(i) What do pupils need to be able to do after the lesson?  

(ii) What are the best ways to make pupils able to achieve/discern critical 

features?  

 
Through focus group discussions with teachers, the following aspects were identified 

as critical, hence could be discerned in the lesson: 

(i) Identifying anything that has mass and occupies space (everything) as matter;  

(ii) Classifying common things in the three states of matter on the basis of  

hardness, shape, volume and flowing property;  

(iii)  Discerning that the states of matter differ due to the density (compactness) 

of its particles and the freedom of flow of its particles (atoms or molecules), 

which in turn depends on temperature;  and 
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(iv)   Showing that one substance can appear in all three states with an example of 

the existence of water in ice, water and gas depending on the temperature.  

 

 The FGD was followed by a pre-test. The pre-test items are presented in Appendix 

II. The first item required pupils to sort out 20 given items into the three states of 

matter. The second question required pupils to name the specific names of the three 

states of water, as matter. The third question required the pupils to name a 

distinguishing feature of the three states of matter. Finally, the fourth question 

required the pupils to name the smallest particle of matter. 

 

 Similarly, the findings from the pre-test administered before the classroom 

intervention showed that pupils were facing difficulty in sorting out things into solid, 

liquid and gas. For liquids, the pupils identified stone, perfume and salt to be in 

liquid state although they were able to associate liquids with the act of drinking. 

They identified perfume, cooking oil, water, air, soft porridge, tea and juice as solids. 

These pupils also identified salt, pencil, petrol, kerosene, electrical stove, biogas, 

cooking gas, oil and gas containers as gases. Moreover, these pupils appeared to have 

difficulty in recognizing the occurrence of water in three states.  It was noted that, 

only a few pupils had the idea of water solidifying, water being hot and water 

becoming steam. In addition, these pupils had difficulty in mentioning an important 

feature that distinguishes the three states of matter; for instance, 11 pupils considered 

cell as the smallest particle of matter.  

 
Conclusions drawn from the analysis of the test indicated that the pupils did not 

understand the concept of matter as anything that has mass and occupies space. Most 

pupils considered only the stone and water to be matter, while they considered pencil 
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and air as non-matter. Most pupils were unable to distinguish clearly among the 

commonly used objects according to the three states of matter. They mixed up solid, 

liquid and gas materials. Although the syllabus had shown that the pupils were 

supposed to study the three states of water while they were in Standard Four, all of 

them failed to identify the three states of water on the basis of the three states of 

matter. Most of them (94%) were not able to identify any of the features that 

distinguish the three states of matter.  In addition, 89% of the pupils could not 

mention the smallest particles of matter. Generally, the pupils could not discern the 

aspects of the lesson on the States of Matter before implementation of the lesson. The 

mean score for group one (N = 37) for the pre-test was 6.2, with standard deviation 

of 3.4; and that of group two (N = 35) was 6.8, with standard deviation of 2.0. The 

overall mean score (N = 74) was 6.5, with standard deviation of 2.9. 

 

Hence, from the results of FGD and pre-test, the following were confirmed as critical 

aspects: firstly, classifying various things in daily life on the basis of the three states 

of matter basing on hardness, shape, volume and flowing properties ; secondly, 

discerning that the states of matter differ due to the compactness (density) of its 

particles; thirdly, discerning that one state of matter can change to another state 

depending on the temperature with an example of the existence of water in the forms 

of ice, water and steam. 

4.1.2 Ways with which the Learning Study Addressed the Content Related 

Learning Difficulties in the Pilot Study  

(a)  Results from the first cycle implementation of  the pilot study 

The pilot study was mainly guided by the variation theory (VT) and the 

Conceptual Change Model as pedagogical frameworks. The variation theory 
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considered the use of various solids, liquids and gases that were presented 

for the pupils to compare and contrast various aspects of the objects. As 

mentioned earlier, the learning object set was to illustrate the features which 

distinguish the three states of matter.  During the first cycle lesson 

implementation, the first activity was to lead pupils in groups to group things 

(given) according to their similarities and differences. The teacher made 

corrections and guided them to group the items according to the three states 

of matter. With the second activity, pupils were guided to illustrate the 

properties of the three states of matter by performing practical tasks and 

drawing concept maps. In the third activity, the same objects could be 

presented in more than one state; for instance, water was presented 

simultaneously with ice so that the pupils could discern that one thing can 

exist in the three states depending on temperature and pressure difference.  

 

(b) First cycle lesson reflection and improvements in the second cycle 

During the first cycle, the teachers reported that many pupils faced difficulty 

in illustrating the gaseous state as they tended to mix up the container, instead 

of the gas inside. Moreover, they observed that, an activity that required the 

pupils to classify things according to similarities should be more specified. 

Pupils could be instructed to group things according to their states of matter 

so as to save time. It was also urged that the critical aspect of the existence of 

water in three states of matter was overlooked as there were no examples. For 

the next lesson, it was agreed to add ice at least to represent the two states of 

water in relation to matter.  
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4.1.3 Evaluation of the Effectiveness of Curriculum Materials in the Pilot Study 

The results (cf. Table 4.1) show that there was improvement from the pre-test to 

post-test. The results also show that there was a significant improvement from cycle 

one to cycle two probably as a result of lesson improvements made during lesson 

reflections. 

 
Table 4.1: Pilot Study Post-test Results 

Group Pre-Test       Post-Test  

Mean  SD Mean  SD 

Group I (N = 37) 6.2 3.4 9.3 2.6 

Group II (N = 35) 6.8 2.0 11.1 2.5 

Total (N = 72 )  6.5 2.9 10.2 2.7 

Source: Field Data (March, 2015) 

 

4.1.4 Lessons Learned From the Pilot Study 

The findings from teachers‟ FGD revealed that group discussions, presentations, 

hands-on activities, questions and answers, and concept mapping were effective in 

making the pupils confront their learning difficulties and misconceptions. The use of 

home-found materials also contributed to the effectiveness of the lessons. The 

findings from the pilot study showed that learning study was feasible for learning 

science in primary schools in Tanzania. However, the science teachers admitted to 

have been facing some challenges in teaching some topics as prescribed in the 

science syllabus; hence, there was a demand for intervention with regard to 

pedagogical content knowledge. Some content related learning difficulties were 

identified in the topic of matter. Therefore, it was important to further explore the 

problems of learning in this topic.  Integration of Variation Theory (VT) with 
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Conceptual Change frameworks was effective in enhancing learning in the 

problematic content areas. 

 

In addition, it was revealed that, collaboration in learning study is in the form of 

meetings in which the teachers and the teacher-researcher work as equals. In this 

way, learning occurs through discussion with fellow teachers.  In the context of this 

study, it looked like an informal way of learning. It was also observed that, during 

lesson reflection, a teacher who implements the lesson should initially be given an 

opportunity to express his experiences of the lesson, strengths as well as weaknesses 

before others are allowed to talk. However, some challenges were observed while 

conducting the lesson study. It was difficult to find time for collaboration among 

teachers because, sometimes, there was overlapping of science periods for science 

classes.  

 

4.2 The Main Intervention and its Findings 

4.2.1 Sample Demography 

 
As shown in Table 4.2, the study at Mnadani primary school involved three female 

science teachers, all with academic qualification in Teacher Education Certificate. 

The teachers‟ working experiences ranged from three to twenty years.  
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Table 4.2: Teachers’ Demographic Characteristics  at Mnadani and Kaloleni 

Primary Schools 

School Teacher’s 

Name 

Sex Qualifications Teaching 

Experience 

(Years) 

Classes 

Taught  

(STD) 

Workload 

(No. of 

Lessons  

Per 

Week) 

Mnadani 

Primary 

School 

Teacher 

A 

F CTE 3  IV,V,VI& 

VII 

3  

Teacher 

B 

F CTE 10  IV, V, VI 

& VII 

8  

Teacher 

C 

F CTE 20  IV, V, VI 

& VII 

8  

Kaloleni 

Primary 

School 

Teacher 

D 

F CTE 18 V, VI & 

VII 

4 

Teacher E F CTE 20 V, VI & 

VII 

6 

Teacher F M CTE 26 V, VI & 

VII 

6 

 

Source: Field Data (December, 2015) 

 

The study involved 169 pupils from Mnadani primary school and 93 pupils from 

Kaloleni primary school. The pupils‟ demographic sample characteristics are shown 

in Table 4.3. However, the number involved in the study at various points was 

influenced by absenteeism and truancy. The problems of truancy and absenteeism 

were noted earlier during the analysis of the context in the region.  
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Table 4.3: Pupils’ Sample Demographic Characteristics  

School Group  Female Male Total 

Mnadani 

Primary School 

Group I 47 (55.2%) 38 (44.8%) 85 (51.5%) 

Group II 51 (61.0%) 33 (39.0%) 84 (48.5%) 

Total 98 (58.0%) 71 (42.0%) 169 (100%) 

Kaloleni 

Primary School 

Group I 22 (47.8%)  24 (52.2%) 46 (49.5%) 

Group II 22 (46.8%) 25 (53.2%) 47 (50.5) 

Total 44 (47.3%) 49 (52.7%) 93 (100%) 

 

Source: Field Data (January, 2016) 
 

4.2.2   Findings from the Identification of Pupils’ Content Related Learning  

          Difficulties  

The first objective of this study was to identify pupils‟ content related learning 

difficulties in the topic of matter.   This objective was achieved through focused 

group discussions with the teachers, and science achievement tests administered to 

the pupils. Initially, each teacher was provided with a list of seven (7) Standard Six 

topics drawn from the primary science syllabus (URT, 2005). The topics were: (i) 

Health and Prevention of Diseases; (ii) HIV and AIDS;  (iii) Health Care and 

Prevention of Diseases; (iv) First Aid; (v) The Scientific Methods and Principles; (vi) 

Change of State; and  (vii) Energy, Machines and Work. Each teacher was asked to 

tick any two topics s/he perceived as complex for him/her to teach and/or difficult for 

pupils to learn. For the case of Mnadani, two of the three teachers considered The 

Scientific Methods and Principles, and Structure of Matter as challenging. One 

teacher considered Structure of Matter; and Energy, Machines and Work as 

challenging. Then, all teachers agreed to start dealing with the Structure of Matter. 

Similarly, in the case of Kaloleni, through discussion, the teachers mentioned two 

topics (domains) to be challenging from the primary school science syllabus standard 
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VI: Structure of Matter and Energy, Machines and Work. The teachers proposed to  

start the learning study with the Structure of Matter. They chose to deal with matter 

and its states.  

 
Teachers from both schools, though in different occasions, decided to start dealing 

with the topic of Changes of Matter. These sub-topics were included: Maada na Hali 

zake (Matter and the States of Matter), Sifa za Hali za Maada (Properties of the 

States of Matter) and Mabadiliko ya Maada (Changes of Matter). Teachers were 

agreed to start the sub-topics just from the beginning to provide pupils with crucial 

bases for the following topics. The three sub-topics were dealt with in three lessons. 

The sub-topics included Maada na Hali zake (Matter and States of Matter), Sifa za 

Hali za Maada (Properties of the States of Matter) and Mabadiliko ya Maada 

(Changes of Matter). 

 

(a) Pupils’ content related learning difficulties in the sub-topic of matter and 

the states of matter  

The sub-topic for research lesson one was Matter and the States of Matter. At 

Mnadani, a five item pre-test (refer to appendix IIIA) was done by 146 pupils: 

75 from group one and 71 from group two. The total score for all the five items 

was ten (10) marks. Each item was assigned two (2) marks.  While at Kaloleni, 

the six item test (refer to appendix IIIB) was taken up by 83 pupils: 41 group 

one pupils and 42 group two pupils. The total score for all six items was eleven 

(11).  Item one was assigned 2 marks, item two was assigned 2 marks, item 

three was assigned 1.5 marks, item four was assigned 2 marks, item five was 

assigned 2 marks and item six was allocated 1.5 marks. The pre-test results for 
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Mnadani (cf. Table 4.4) show that, out of the 10 marks, pupils obtained the 

mean of 2.10 and standard deviation of 1.65. 

 

Table 4.4: Analysis of Pre-test I – Mnadani and Kaloleni Primary Schools 

Mnadani   N = 146 

Kaloleni    N = 83 

Item 

No. 

Item Property Scho

ol 

Allocated 

Score 

Minimum Maximu

m 

Mean SD 

i To define 

matter 

Mn 2.0 0.0 1.0 0.007 0.08 

Kl 2.0 0.0 2.0 0.15 0.45 
ii Discerning that 

all things are 
matter 

Mn 2.0 0.0 2.0 0.98 0.40 

Kl 2.0 0.0 2.0 0.92 0.42 

iii To name the 3 

states of matter 
Mn 2.0 0.0 2.0 0.45 0.60 

To state three 

uses of things 
in a gaseous 
state 

Kl 1.5 0.0 1.5 0.36 0.53 

iv Examples of 
the states of 

matter 

Mn 2.0 0.0 2.0 0.22 0.52 

Sorting out 
solids, liquids 

and gases 

Kl 2.0 0.0 2.0 1.29 0.52 

v The states of 

ice, water and 
steam 

Mn 2.0 0.0 2.0 0.44 0.58 

Classifying 

objects as 
solids, or 

liquids or gases 

Kl 2.0 0.0 2.0 1.06 0.63 

vi - Mn - - - - - 
Identify the 

names of water 
in solid, liquid 

and gaseous 
state. 

Kl 1.5 0.0 1.5 0.52 0.53 

Total Mn 10 0.30 7.50 2.10 1.65 

Kl 11 0.90 7.00 4.29 1.37 

Source: Field Data (January, 2016) 

Key:   Mn – Mnadani  

Kl – Kaloleni  
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One-way between-groups analysis of variance (ANOVA) was conducted to compare 

the pre-test mean scores for groups one and two. There was no statistically 

significant difference at the p<.05 level in the pre-test scores for the two groups [F(1, 

144) = 2.5, p=0.114]: group one (M = 1.89, SD = 1.43) and group two (M = 2.33, SD 

= 1.84)  This also indicates that the groups were equivalent, as detailed in Table 4.4.  

 
Similarly, the results for Kaloleni (cf. Table 4.4) showed that, out of the 11 marks, 

pupils obtained the mean of 4.29 and standard deviation of 1.37. One-way between-

groups analysis of variance (ANOVA) was conducted to compare the pre-test mean 

scores for groups one and two. There was no statistically significant difference at the 

p<.05 level in the pre-test scores for the two groups [F(1,81) = 0.39, p=0.535]. The 

means for the groups were: group one (M = 4.38, SD = 1.20) and group two (M = 

4.19, SD = 1.52). The magnitude of the differences in the means was very small (eta 

squared = 0.0101).  This also indicates that the groups were equivalent.  

 

The alternative conceptions aired by the pupils are summarised in Table 4.5. The 

alternative conceptions pupils had on the meaning of matter included: title or topic 

whereby the pupils mixed up the two Kiswahili terms, maada „matter‟ and mada 

„title or topic‟: matter as anything in a liquid (watery state); matter as energy; matter 

as scientific explanation of something; and matter as a combination of gases. 

Generally, the pupils had difficulty in defining the concept of matter.  
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Table 4.5: Pupils’ Misconceptions on the Meaning of Matter  

Mnadani   N = 146 

Kaloleni   N = 83 

Misconception  School Group I  Group II Total 

Frequency % Frequency % Frequency % 

Matter as a 

topic/title/subject. 

Mn 28 37.3 25 35.2 53 36.3 

Kl 10 24.4 15 35.7 25 30.1 

Matter as 

anything in liquid 

form (watery 

state). 

Mn 37 49.3 30 42.3 67 45.9 

Kl 9 22 7 16.7 16 19.3 

Matter as 

anything that can 

give out vapour.  

Mn 16 21.3 10 14.1 16 11.0 

Kl 6 14.6 8 19 14 16.9 

Hard things like 

ice. 

Mn 1 1.3 2 2.8 3 2.1 

Kl - - - - - - 

The state of being 

liquid, solid or 

gas. 

Mn 6 8.0 9 12.7 15 10.3 

Kl - - - - - - 

Matter as energy Mn       

Kl 4 9.8 6 14.6 10 23.8 

Blank. Mn 4 5.3 5 7.0 9 6.2 

Kl 7 17.1 5 11.9 12 28.6 

Source : Field Data (January, 2016) 

Key: Mn – Mnadani      

Kl – Kaloleni 

 

The second item required pupils to put a tick () for the objects they perceived as 

matter and to put a cross (×) for the objects they perceived as not matter. However, 

the number and type of the items included were different for each school. This item 

tested whether pupils were able to discern that all things in the world were matter or 

not. 
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The results as shown in Table 4.6 indicate that most of the Mnadani pupils 

considered carbon dioxide (N = 89), candle (N = 76) and kerosene (N = 91) as 

matter. However, only a few of them considered stone (N = 60), soft porridge (N =  

 

Table 4.6: Frequency of Pupils who Considered the Given Items as Matter – 

                 Mnadani  ( N = 146) 

Item Frequency and Proportion considered Matter 

Group I Group II Total 

 Frequency % Frequency % Frequency % 

Carbon 

dioxide 

48 64.0 41 57.7 89 61.0 

candle 43 57.3 33 46.5 76 52.1 

Kerosene 44 58.7 47 66.2 91 62.3 

stone 31 41.3 29 40.8 60 41.1 

Soft porridge 32 42.7 28 39.4 60 41.1 

man 33 44.0 29 40.8 62 42.5 

sand 24 32.0 24 45.1 48 32.9 

Source : Field Data (January, 2016) 

60), man (N = 62) and sand (N = 48) as matter. The item had a maximum of 2 marks, 

the mean being very low (M = 0.98, SD = 0.40). Generally, it can be said that, pupils 

considered some of the things not matter although they had mass and could occupy 

space. 

 

The results obtained from Kaloleni (cf. Table 4.7) show that most pupils did not 

consider the following as matter (number and percentage in brackets): lizard (61, 

73.5%), stone (56, 67.5%), sand (53, 63.9%), soft porridge (48, 57.8%), nails (48, 

57.8%) and wheat flour (46, 55.4%). The item had a maximum of 2 marks, the mean 
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Table 4.7: Proportion of Pupils with Misconception on Matter – Kaloleni 

                N = 83 

  Item Frequency of Pupils who considered the item  not matter  

 Group I Group II Total 

 Frequency % Frequency  Frequency % 

Water 8 19.5 4 9.5 12 14.5 

Wheat Flour 21 51.2 25 59.5 46 55.4 

Candle 21 51.2 22 52.4 43 51.8 

Stone 26 63.4 30 71.4 56 67.5 

Kerosene 13 31.7 12 28.6 25 30.1 

Soft Porridge 22 53.7 26 61.9 48 57.8 

Sand 21 51.2 32 76.2 53 63.9 

Nails 30 73.2 18 42.9 48 57.8 

CO2 21 51.2 10 23.8 31 37.3 

Biogas 20 48.8 17 40.5 37 44.6 

Tree 21 51.2 23 54.8 44 53.0 

Lizard 33 80.5 28 66.6 61 73.5 

 

Source: Field Data (February, 2016) 

 

being very low (M = 0.92, SD = 0.42). Generally, it can be said that, pupils 

considered some of the things not matter although they had mass and could occupy 

space. 

 
The third question at Mnadani primary school required pupils to mention the number 

of the states of matter where 116 (79.5%) pupils considered matter to exist in two 

states, namely: gas and liquid, solid and liquid, title and sub-title (topic and sub-

topic) (stated as “maada kubwa na maada ndogo”) and hot and cold matter. Only 6 

(4.1%) pupils got the item correctly, while 110 (75.3%) pupils got less than or equal 

to 1 score. The mean was low (M = 0.45, SD 0.60), 2.0 being the maximum possible 
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score. Hence, the pupils faced difficulty in identifying the number of the states of 

matter although some had known some of the states. 

 

The third question at Kaloleni required the pupils to state any three uses of things in 

a gaseous state where 53 (63.9%) pupils out of 83 could not mention a single use of 

things which are in the gaseous state;  only 7 (8.4%) students managed to state three 

uses of things in the gaseous state. The maximum possible score for the item was 1.5. 

Some pupils mentioned the states of matter as uses of matter, whereas others 

mentioned the changes of the states of matter such as melting, freezing and boiling. 

Moreover, some pupils mentioned examples of gases instead of their uses. The mean 

was low (M = 0.36, SD 0.53). Generally, these pupils had difficulty in identifying the 

uses of things in the gaseous state.  

 
The fourth item at Mnadani required pupils to give two examples for each state of 

matter. The pupils had difficulty in giving examples of the states of matter; for 

instance, for N = 146, 114 (78.1%) pupils scored zero, as detailed in Table 4.8. Only 

8 (5.5%) pupils could score the maximum marks of two (2). The performance was 

very low (M = 0.22, SD = 0.52).  
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Table 4.8: Frequency of Pupils with Misconceptions - Mnadani 

Misconceptions 
Frequency  Percentage 

Writing examples of 

subjects/ topics/titles 

 

74 50.7% 

Mixing up examples for 

solids, liquids and gases 

 

42 28.8% 

Balloon an example for 

gaseous state 

 

13 8.9% 

Blank 8 5.5% 

Source : Field Data (February, 2016) 

 

In the fourth item at Kaloleni primary school, pupils were provided with a list of 

twenty items. The pupils were required to sort out among these items: solids, liquids 

and gases. However, only 5 (6%) pupils could sort out all the objects in their 

respective states. The mean for the item related to sorting items was low (M = 1.3, 

SD = 0.52) out of the maximum possible score 2. Therefore, pupils had difficulty in 

sorting out things on the basis of the three states of matter.  

 
The fifth question at Mnadani required pupils to mention the state of ice, water and 

steam. This item was intended to test whether the pupils knew that a thing can exist 

in any one of the three states of matter depending on temperature and pressure 

conditions; using the case of water existing as ice, water and steam. The pupils‟ 

scores were very low (M = 0.44, SD = 0.58). Thus, 80 (54.8%) pupils scored zero 

and only 8 (5.5%) scored the maximum marks of two. This was the case although the 

syllabus had shown that they had learned the three states of water while they were in 



99 

standard three. The alternative conceptions the pupils had were: for ice, they 

considered it to be in the state of cold, very cold and 0  ͦ C; for water, they considered 

it to be in the state of 5  ͦ C, warm and normal; and for steam, they had conceptions of 

being in the hot state, 100  ͦ C, too hot and smoke. At least, at this juncture, pupils 

showed the association between the state of matter and temperature. 

 
For Kaloleni, the fifth item demanded pupils to classify petrol, stiff-porridge, tree, 

soup, bottle, natural gas, iron and carbondioxide into the three states of matter. It was 

revealed that, 49 (59%) pupils could not classify stiff porridge, bottle and 

carbondioxide correctly. Generally, a range of 43 (51.8%) pupils to 49 (59%) pupils 

could not classify the given objects properly. The mean was low (M = 1.06, SD = 

0.63) out of the 2 maximum score. 

 
The sixth item at Kaloleni required pupils to identify the names given to water in 

solid, gaseous and liquid states, which are ice, steam and liquid water. On this regard, 

47 (56.6%) pupils could not identify water in the solid state as ice; 57 (68.7%) could 

not identify water in the gaseous state as steam; and 59 (71%) could not identify 

water in the liquid state as water. The alternative conceptions the pupils had 

included: for ice, they mentioned solidified water and solid; for steam, they 

mentioned rain, liquid, hot water and gas; and for liquid water, they mentioned 

hydrogen, gas and liquid water. Consequently, the mean was low (M = 0.52, SD = 

0.53) out of the maximum score 1.5.  

 

From the discussion with teachers and pre-test results analysis at both Mnadani and 

Kaloleni primary schools, these teachers then confirmed the following aspects as 

critical from the sub-topic of Matter and the States of Matter: 
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 Describing the meaning of matter in terms of the two properties of mass and 

volume among all the three states of matter;  

 Discerning that everything in the world is matter since everything has mass 

and occupies space including living things; 

  Describing the existence of matter in an invisible form, i.e. gas;  

 Identifying the States of Matter among the provided objects;   

 Identifying gases separately from their containers; 

  Identifying the uses of the states of matter in relation to their properties; and  

 Discerning that an object can exist in any of the three states depending on 

pressure and temperature conditions; for instance, the existence of water as 

ice, water and steam. 

One of the science teachers at Mnadani commented that: 

“...The pupils do not know the fact that, they, themselves, are 

matter...” (Focus Group Discussion, Mnadani, 14. 02. 2016)  
 

This statement might imply that, pupils did not consider human beings as matter. 

From this misconception, it was predicted that, the pupils did not consider living 

things as matter. Therefore, in the examples used for matter, it was necessary to 

include living things like a tree and lizard.  

 

(b) Content related learning difficulties related to the properties of the states 

of matter  

The descriptive statistics for pre-test results at Mnadani and Kaloleni primary 

schools are shown in Table 4.9. At Mnadani primary school, the second pre-

test was composed of three items with sub-items (refer to appendix IV). The 

total score for all three items was ten (10) marks. Item one was assigned 4 
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marks, item two 3 marks and item three 3 marks. The test was taken up by 

146 pupils: 75 group one pupils and 71 group two pupils. 

 

Table 4.9:  Descriptive Statistics for Pre-test - II Results 

Mnadani   N = 146 

Kaloleni    N = 81 

Item 

No. 

Item Property School Allocate

d Score 

Min Max M SD 

i To write a state  

of matter  

against a 

property. 

Mn 04 0.0 3.5 1.55 0.97 

Kl 04 0.0 4.0 1.71 0.91 

ii To state two 

uses for each 

state of matter. 

Mn 03 0.0 3.0 1.22 0.99 

Kl 03 0.0 3.0 1.44 1.07 

iii Drawings to 

compare the 

arrangement 

and 

compactness of 

particles in each 

state of matter. 

Mn 03 0.0 3.0 1.10 1.02 

Kl 03 0.0 3.0 1.26 1.10 

Total Mn 10 0.0 7.5 3.86 1.79 

Kl 10 0.00 9.00 4.40 2.03 

 

Source: Field Data (March, 2016) 
 

Key: Mn – Mnadani;    Kl – Kaloleni;  Min – Minimum;  Max -  Maximam;  M – 

Mean; SD – Standard Deviation 

 

One-way between-groups analysis of variance (ANOVA) was conducted to compare 

the pre-test mean scores for groups one and two. There was no statistically 
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significant difference at the p<.05 level in the pre-test scores for the two groups [F 

(1, 144) = 0.59, p=0.444]. There was no significant difference in scores for group 

one (M = 3.97, SD = 1.68) and group two (M=3.74, SD=1.89). The magnitude of the 

differences in the means was very small (eta squared = 0.004).  This also indicates 

that the groups were equivalent. The general mean score was 3.86 with standard 

deviation of 1.79.  

 

Similarly, the results for Kaloleni (cf. Table 4.9) showed that, out of the 11 marks, 

pupils obtained the mean of 4.29 and standard deviation of 1.37. One-way between-

groups analysis of variance (ANOVA) was conducted to compare the pre-test mean 

scores for groups one and two. There was no statistically significant difference at the 

p<.05 level in the pre-test scores for the two groups [F(1,79) = 0.005, p=0.944]: 

group one(M = 4.38, SD = 1.85) and group two (M = 4.42, SD = 2.22). The 

magnitude of the differences in the means was very small (eta squared = 0.0101).  

This also indicates that the groups were equivalent. The general mean was 4.40 and 

standard deviation of 2.03. 

 
In both cases, i.e. Mnadani and Kaloleni, the first item required pupils to write the 

appropriate state of matter against the given properties of matter. The properties 

provided were 2 for solid, 4 for gas and 2 for liquid. The items were allocated a total 

of 4 marks each, with 0.5 mark. 

 

Table 4.10 presents pupils‟ misconceptions about the properties of the states of 

matter. From the analysis of pre-test II, which required pupils to identify all the 

properties of a solid, 22 (15.3%) pupils were able to identify both liquid properties 

and 9 (6.3%) were able to identify all the four gas properties. The property which 

pupils missed much was the property of gas to fill up any space or container it enters, 
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of whom 46 pupils identified it as a solid property and 65 pupils identified it as a 

property of liquid. 

 

Table 4.10: Misconceptions about the Properties of the States of Matter 

Mnadani (Mn)    N = 146 

Kaloleni   (Kl)    N = 81 

 

Source: Field Data (March, 2016) 

Key: Mn – Mnadani    

Kl – Kaloleni 

 
This was followed by the gas property of having neither particular shape nor fixed 

volume. With regard to this, 50 pupils identified it as a property of liquid and 44 
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pupils identified it as a property of solid.  Another sub-item which appeared difficult 

for the pupils was the property of liquid to have fixed volume with no particular 

shape, of whom 46 pupils identified it as a gas property and 38 pupils identified it as 

a solid property. Similarly, the other confusing property was the gas property of 

spreading easily. About 40 pupils mentioned it as a property of liquid. Consequently, 

22 (15.5%) pupils scored zero, which was the minimum possible score, and 4 (2.7%) 

pupils scored 3.5 marks. An independent samples t=test showed that the two groups 

were equivalent to group one (M = 1.57, SD = 0.94) and group two (M = 1.52, SD = 

1.02). t (144 ) = 0.323, p = 0.747. Therefore, this was also confirmed as critical.  

 
Furthermore, the analysis of Kaloleni results (cf. Table 4.10) shows that pupils had 

problems in identifying properties of the states of matter; for instance, 47 (58.02%) 

pupils were unable to identify that particles in gases are furthest apart compared with 

particles of liquids and solids. It was revealed that, 57 (70.4%) pupils were unable to 

identify the gas property that gases fill any vessel in which they are contained. While 

43 (53.1%) pupils were unable to identify another gas property that gases can easily 

spread, 47 (58.02%) pupils were unable to identify the liquid property that it has 

specific volume with no definite shape.   

 

The second item in both schools required pupils to state two uses of objects in each 

state of matter. The item had a total of 3 marks, i.e. each item was allocated 1 mark.  

The results from Mnadani primary school (cf. Table 4.11) show that 99 (67.8%) 

pupils were unable to identify the uses of solids; 81 (55.5%) were unable to identify 

the uses of liquids; and 66 (45.2%) were unable to identify the uses of gases.  
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Table 4.11: Identification of Uses for Solids, Liquids and Gases - Mnadani 

ITEM  Frequency of Pupils who could not identify the uses  

Group I Group II Total 

Frequency Percentage Frequency Percentage Frequency  Percentage 

Uses of 

Solids 
47 62.7% 52 73.2% 99 67.8% 

Uses of 

Liquids  
44 58.7% 37 52.1% 81 55.5% 

Uses of 

gases 
35 46.7% 31 43.7% 66 45.2% 

Source: Field Data (March, 2016) 

 

Generally, most pupils were able to identify the uses of gases and liquids.  However, 

they had difficulty in identifying the uses of solids; for example, some pupils 

mentioned the examples of gases, liquids and solid instead of their uses. An 

independent samples t-test showed that the groups were equivalent on performance 

before the lesson group one (M = 1.37, SD = 0.99) and group two (M = 1.06, SD = 

0.98) t (144) = 1.857, p = 0.065.  Therefore, pupils had difficulty in identifying the 

properties of the states of matter based on their applications.  

 

In the case of Kaloleni, 25 (30.9%) pupils were unable to state the uses of solids; 30 

(37.0%) were unable to state the uses of liquids; and 47 (58.02%) were unable to 

state the uses of gases. The alternative conceptions some pupils had included: 

mentioning the examples of the states of matter such as ice and stone for solids; 

defining the states of matter (for example, “solid is a solidified object”); and stating 

the properties of the states of matter instead of their uses. This item had a total of 3 

marks, i.e. each item was allocated 1 mark. An independent samples t-test showed 

that the groups were equivalent on performance before the lesson group one (M = 

1.44, SD = 1.06) and group two (M = 1.45, SD = 1.09) t (79) = - 0.069, p = 0.945.  
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Therefore, pupils had difficulty in identifying the properties of the states of matter 

based on their applications. 

 

On this regard, the analysis of Mnadani primary school results (cf. Table 4.12) shows  

that 76   (52.05%) pupils were unable to identify the arrangement of particles in a 

liquid; 56 (38.4%) identified the drawing as for solid; and 20 (13.7%) identified it for 

gas.  Similarly, 76 (52.05%) pupils were unable to identify the particle arrangement 

for a solid; 52 (35.6%) identified it as the arrangement for liquid; and 24 (16.4%) 

identified it as the particle arrangement for gas. Furthermore, 44 (30.14%) pupils 

could not identify particle arrangement for gas; 20 (13.7%) said the arrangement was 

for solid; and 24 (16.4%) attributed it to liquid particles. Surprisingly, a few pupils 

gave explanations of the arrangement as they were. As a result, 49 (33.60%) pupils 

scored zero, while 19 (13%) pupils scored the full mark of three. Consequently, the 

total mean score for the item was low (M = .10, SD = 1.02): group one (M = 1.05, 

SD = 0.96) and group two (M = 1.16, SD = 1.08), t (144) = - 0.603, p = 0.547. 

Therefore, the groups were equivalent with respect to this question. 

 

The analysis of Kaloleni pre-test II results (cf. Table 4.12) revealed that 40 (49.4%) 

pupils were unable to identify the arrangement of particles in a liquid ; 31 (38.3%) 

were unable to identify the particle arrangement for solid ; and 32 (39.5%) were  

unable to identify the arrangement for gas. Consequently, the total mean score for the 

item was low (M = 0.92, SD = 0.61): group one (M = 1.26, SD = 1.07) and group 

two (M = 1.26, SD = 1.15), t (79) = -0.022, p = 0.982. Therefore, the groups were 

equivalent with respect to this question. The proposed critical aspects were 

confirmed with respect to the pupils.  
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Table 4.12: Identifying Concept Maps for the Arrangement of Particles in 

Matter 

 

Source: Field Data (March, 2016) 

Key: Mn – Mnadani      

Kl – Kaloleni 

 

Analysis of the data obtained revealed that, pupils had more difficulty in identifying 

the properties of gases, followed by the properties of solids. It was easier for them to 

identify the properties of liquids perhaps because such properties could be observed 

more clearly than those for invisible gas and those for non-moving solids. The 

property which appeared more challenging for pupils was that of the gases spreading 

out to fill the spaces of the containers in which they are contained. Most pupils 

identified this as a property of liquid and a few of them identified it as a solid 
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property. The next challenging aspect was the gas property of having neither 

particular shape nor fixed volume. Most pupils identified this as a property of liquid, 

while a few of them identified it as a property of solid.  There was also trouble in 

identifying the gas property of having neither particular shapes nor fixed volumes.  

Pupils had a tendency of attributing it to liquid. Most pupils identified it as a gas 

property and some few pupils identified it as a solid property. The other confusing 

property was the gas property of spreading easily which most pupils identified as a 

property of liquid.  

 
Therefore, the critical aspects of the second learning objects (LO-II) to be considered 

in the lesson for Mnadani and Kaloleni were: 

 Explaining the gas, liquid and solid states in terms of particles;  

 Illustrating that matter is made of particles; 

 Discerning that the states of matter differ mainly due to the compactness of 

their particles;    

 Illustrating the differences among the states of matter based on shape, volume, 

rate of flow and spreading, and freedom of movement of the particles ; and  

 Identifying the states of matter through observing their real life applications 

including building, drinking, perfume spraying, etc. 

 

(c) Pupils’ content related learning difficulties in the sub-topic of the 

changes of matter  

There was also a pre-test for the Changes of Matter sub-topic (Refer to 

appendix V). The total score for all the three items was twenty five (25) 

marks. Item one was assigned 6 marks, item two 12 marks and item three 7 

marks. The results of the test are summarised in Table 4.13. 
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Table 4.13: Pre-test Analysis of Research Lesson 3 

 

Mnadani N = 146 

Kaloleni N = 79 

Item 

No. 

Item Property School Allocated 

Score 

Minimum Maximum Mean SD 

i To identify the type of 

change of matter 

against the given 

characteristic of the 

change of matter. 

Mn 06 0.0 6.0 1.65 1.42 

Kl 06 0.0 6.0 0.61 1.29 

ii To list down the three 

actions which lead to 

chemical changes and 

three actions which 

lead to physical 

changes. 

Mn 12 0.0 12 4.40 2.81 

Kl 12 0.0 12.0 2.47 3.01 

iii To state the type of 

change along each 

example of change of 

matter. 

Mn 07 0.0 7.0 3.10 1.93 

Kl 07 0.0 7.0 2.49 2.25 

Total Mn 25 0.00 25.00 9.15 4.19 

Kl 25 0.00 19.00 5.58 4.58 

 

Source: Field Data (June, 2016) 

Key: Mn – Mnadani 

Kl – Kaloleni 

 

Table 4.14 shows pupils‟ misconceptions on the changes of matter for the data 

obtained from Mnadani and Kaloleni schools. At Mnadani primary school, the test 

was taken up by 146 pupils:  74 group one pupils and 72 group two pupils.  

 



110 

One-way between-groups analysis of variance (ANOVA) was conducted to compare 

the pre-test mean scores for groups one and two. There was no statistically 

significant difference at the p<.05 level in the pre-test scores for the two groups [F 

(1, 144) = 0.003, p = 0.956]: group one (M = 9.13, SD = 3.96) and group two (M = 

9.21, SD = 4.37). The magnitude of the differences in the means was very small (eta 

squared = 0.00009).  This also indicated that the groups were equivalent.      

      

Similarly, for the results of Kaloleni (cf. Table 4.9), one-way between-groups 

analysis of variance (ANOVA) was conducted to compare the pre-test mean scores 

for groups one and two. There was no statistically significant difference at the p<.05 

level in the pre-test scores for the two groups:  group one (M = 5.73, SD = 4.5) and 

group two (M = 5.4, SD = 4.72),  [F (1,77) = 0.09, p = 0.765]. The magnitude of the 

differences in the means was very small (eta squared = 0.0101).  This also indicates 

that the groups were equivalent. In addition, the general performance was low (M = 

5.58, SD = 4.57). 

 
The first item required pupils to write the type of change of matter against the given 

characteristic of the change of matter. This was to test whether the pupils could 

distinguish the properties for physical and chemical changes or not. Six properties 

were provided, each of which was allocated with one mark. Three properties were for 

physical change and the other three were for chemical change.  

 

At Mnadani, from group one, 11 (14.9%) pupils got the whole item right and 21 

(28.4%) got it incorrectly. From group two, 12 (16.7%) pupils got the whole item 

right and 23 (31.9%) got it wrong. The percentage proportion of those who got each 

sub- item right ranged from 16.2% to 21.6% for group one pupils and 18.3% to 

39.4% for group two pupils, as shown in Table 4.14.  
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Table 4.14: Pupils’ Misconceptions on the Changes of Matter  

 

Source: Field Data (June, 2016) 

Key: Mn – Mnadani 

Kl – Kaloleni 

 
At Kaloleni, 36 (87.8%) group one pupils and 21 (55.3%) group two pupils missed 

the whole item. The alternative responses given included: mentioning the states of 

matter instead of the changes of matter [71 (89.9%) pupils]; providing examples of 

the physical and chemical changes with such properties but in a wrong way; and 

exchanging the changes for the properties of physical and chemical changes. Details 

with regard to this are shown in Table 4.14. 

 
The second item required pupils to mention three actions which lead to chemical 

changes and three actions which lead to physical changes.  The results from both 

schools showed that pupils had the following alternative conceptions: some actions, 
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those which lead to physical and chemical changes  were just mixed up; and the same 

actions were repeated for different objects (for instance, burning of paper and 

burning of a wood stick). Therefore, it was concluded that pupils had difficulty in 

bringing about the chemical and physical changes as they were not sure of the 

actions which could lead to these changes. 

 
In the third item, pupils were given seven examples of the changes of matter among 

objects. They were required to state the type of change along each example. Their 

misconceptions on the examples of the changes of matter are shown in Table 4.15. 

 

 

Table 4.15: Pupils’ Misconceptions on the Examples of the Changes of Matter 

S

N. 

Example of 

Change 

School Frequency of Pupils who missed the item 

Group I Group II Total 

i. Stretching a 

rubber band 

Mn 32 21 53 

Kl 25 24 49 

ii. Rusting of iron Mn 33 30 63 

Kl 24 23 47 

iii. Ripening of fruits Mn 36 36 72 

Kl 33 25 58 

iv. Evaporation Mn 43 38 81 

Kl 30 24 54 

v. Melting of a  lit 

candle 

Mn 36 35 71 

Kl 22 26 48 

vi. Food 

fermentation 

Mn 39 36 75 

Kl 23 25 48 

vii

. 

Burning of 

firewood 

Mn 39 37 76 

Kl 36 24 60 

Source: Field Data (June, 2016) 

Key: Mn – Mnadani 

Kl - Kaloleni 
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The results of Mnadani primary school show that, from group one, 18 (24.3%) pupils 

got the whole item right and 12 (16.2%) got it wrong. Similarly, from group two, 23 

(32.4%) pupils got the whole item right and 8 (11.3%) got it wrong. The percentage 

proportion of those who got each sub- item right ranged from 18.9% to 33.8% for 

group one pupils and 22.2% to 44.4% for group two pupils.  

 
As opposed to Mnadani primary school, the results of Kaloleni show that, from 

group one, 4 (12.2%) pupils got the whole item right and 14 (34.1%) got it wrong. 

On the other hand, from group two, 2 (5.3%) pupils got the whole item right and 11 

(28.9%) got it wrong. Generally, pupils had difficulties in identifying the examples – 

which were mixed up – for physical and chemical changes. Thus, all the aspects of 

the learning object were confirmed as critical.  

 
Therefore, through focus group discussion with teachers and pre-testing at Mnadani 

and Kaloleni primary schools, the following aspects were considered critical among 

the pupils: 

 Describing the two types of changes of matter;  

  Giving examples of physical and chemical changes;  

  Identifying actions that may lead to physical changes of matter; 

  Describing actions that may lead to physical changes of matter; 

 Identifying actions that may lead to chemical changes of matter;  

  Describing actions that may lead to chemical changes of matter; and  

 Distinguishing the physical and chemical changes of matter. 

Therefore, the pupils had difficulties in distinguishing the properties of physical and 

chemical changes related to: change in weight, the properties of the new substance 

formed and whether a new substance is formed or not. In addition, the pupils had 
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difficulties in identifying the examples for physical and chemical changes, which 

were just mixed up. The physical change of water changing into steam appeared to 

be the most challenging one. This was followed by the chemical change property of 

ripening of fruits. Moreover, pupils had difficulty in bringing about the chemical and 

physical changes as they were not sure of the actions which could lead to these 

changes. The alternative conceptions pupils had included: some actions were just 

mixed up, especially those which lead to physical and chemical changes; and the 

same actions were repeated for different objects (for instance, burning of paper and 

burning of a wood stick representing the same action of burning). 

 

4.2.3   Findings from the Implementation of Research Lessons 

 
 (a) The ways with which the curriculum materials addressed content related 

learning difficulties 

Table 4.16 shows the sub-topics, learning objects and critical aspects which were to 

be focused on during lesson implementation. The ways with which the learning study 

model addressed were to be determined during research lesson implementation. The 

research lessons were simultaneously carried out at Mnadani and Kaloleni primary 

schools. 

Generally, lesson implementation at Mnadani differed from that of Kaloleni in three 

respects:  Firstly, pupils at Mnadani were provided with separate exercise books for 

the study apart from their exercise books used for normal periods. Secondly, while at 

Kaloleni lesson preparation did not involve teaching notes, at Mnadani, lesson 

preparation involved preparation of teaching notes to be used by the teacher during 

lesson implementation. Thirdly, each cycle at Mnadani was taught by the same 

teacher, covering both sub-cycles (lessons); while at Kaloleni, there was exchange of 
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teachers within the cycle. When one teacher taught in one sub-cycle, another teacher 

undertook another sub-cycle. 

 

Nevertheless, matter has several properties such as colour, texture, shape, size 

(volume), mass, flowing, spreading, state, density, visibility versus invisibility, heat 

conductivity and electrical conductivity. This study explored the critical properties 

for defining matter with reference to liquid, solid and gas states. In addition, the 

study explored the properties which distinguish the states of matter. Further, the 

study explored the changes of these properties when matter changes physically and 

chemically. Variation theory was used to expose the properties appropriate for 

discerning the particular learning objects. Moreover, usually, the lesson started by 

exploring the macro-properties of matter, followed by the micro-properties.  
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Table 4.16: A Summary of the LOs and CAs at Mnadani and Kaloleni Primary Schools  

 Research Aspects at Mnadani Research Aspects at Kaloleni 

Sub-Topic Learning 

Object 

Critical Aspects Su-Topic Learning 

Object 

Critical Aspects 

i. i. Matter and 

the States   of 

Matter 

 

Describe 

matter and its 

states 

(i)  Describing the meaning of 

matter in   terms of  mass and 

volume  as applied to the  three 

states of   matter; 

(ii) Identifying everything in the  

surroundings including human 

beings as matter; 

(iii) Describing the macroscopic 

properties of the states of matter; 

(iv) Discerning that an object can exist 

in any of the three states depending 

on temperature conditions; 

(v) Describing the existence of matter in 

an invisible form, i.e. gas; and 

(vi)  Identifying gases separate from 

their containers. 

i.  Matter and 

its States 

 Categorizing 

things around 

as solids, 

liquids and 

gases 

(i) Describing the meaning of 

matter in terms of the two 

features of mass and volume; 

(ii) Discerning  that everything 

in the world is matter; 

(iii) Classifying matter into 

three states; 

(iv) Discerning that a thing can 

appear in any of the states 

of matter depending on 

temperature. 
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ii. The Properties 

of the States 

of Matter 

To illustrate 

the properties 

of the three 

states of 

matter. 

(i) Explaining the gas, liquid and 

solid states in terms of particles; 

(ii) Discerning that the states of 

matter differ mainly due to the 

compactness of its particles; 

(iii)  Showing the properties of matter 

basing on shape, volume, 

flowing and spreading; 

(iv) Identifying the states of matter 

through observing its real life. 

ii. The  

States of  

Matter 

To describe 

the properties 

of the states 

of matter 

(i) Illustrating that matter is 

made of particles; 

(ii) Discerning that states of 

matter differ mainly due to 

the arrangement and 

density of its particles; 

(iii)  Illustrating differences 

among the states of matter, 

iii. The  

Changes of 

Matter 

To illustrate 

the properties 

of physical 

and chemical 

changes in 

matter. 

(i) Describing the two types of 

changes of matter; 

(ii) Naming examples of physical 

and chemical changes; 

(iii) Identifying actions that may lead 

to physical changes of matter; 

(iv) Identifying actions that may 

lead to physical changes of 

matter; and 

(v) Distinguishing the physical and 

chemical changes of matter. 

The Changes 

of Matter 

To illustrate 

actions which 

may lead to 

physical and 

chemical 

changes in 

matter 

i. Describing  the two types of 

changes in matter; 

ii.  Giving examples of physical 

and chemical changes of 

matter; 

iii.  Describing actions that lead 

to physical changes of matter; 

iv. Describing actions that lead to 

chemical changes of matter; 

and 

v. Explaining differences 

between physical and 

chemical changes of matter. 

 
Source: Field Data (August, 2016)
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Cycles of the First Research Lesson 

At Mnadani primary school, the sub-topic for the first research lesson was Matter 

and the States of Matter. The lesson plan is shown in appendix VIA. The competency 

to be developed among the pupils was ability to classify things according to the three 

states of matter. While the general objective was to develop understanding about 

matter and its states, the specific objectives for the lesson were to enable the pupils 

to:  (i) define matter in terms of mass and volume; and (ii) to classify things into the 

three states of matter. The teaching aids used for the lesson were pieces of wood, 

sponge, nails, rubber, candles, water, kerosene, milk, balloons, bicycle tubes, 

perfume, ice-creams, salt, coins, sugar, stones, flour, rubbers, pictures of gas 

containers and pieces of chalk. At Mnadani primary school, each research lesson was 

undertaken by one teacher in both cycles.  

 
The LO for the first research lesson at Mnadani was to describe matter and its states. 

The critical aspects considered here included: describing the meaning of matter in   

terms of  mass and volume as applied to the three states of matter; identifying 

everything in the surroundings including human beings as matter; describing the 

macroscopic properties of the states of matter; discerning that an object can exist in 

any of the three states depending on temperature conditions; describing the existence 

of matter in an invisible form, i.e. gas; and  identifying gas separate from their 

containers. Initially, the teacher instructed pupils to identify and show visible things 

they saw in their environment.  This teacher highlighted that, all these were matter. 

The teacher used variation theory to explain what matter is, and what it is not.  The 

teacher also guided pupils to understand the meaning of matter in terms of mass and 

volume as applied to solids, liquids and gases. The teacher instructed the pupils to 

demonstrate how they occupied space in the classroom and on their desks, as they 
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were matter. For instance, this teacher instructed ten pupils to scramble  so as to sit on 

a desk which could accommodate four pupils. This was to show that solid matter 

occupies space.  

 
In the third activity, the teacher demonstrated and guided the pupils to contrast the 

three states of matter with their macro-properties such as hardness and easiness of 

flowing “kutitririka”, and spreading „kusambaa‟.  The teacher then asked the pupils 

to provide examples of solids, liquids and gases from home-found materials. The 

teachers guided pupils to note that the balloon contained air, which is gaseous, while 

the balloon itself was in a solid state. By using examples of ice, liquid water and 

steam, the teacher highlighted that an object can exist in all the three states of matter. 

The teacher then summarized the lesson and wrote six questions on the board for the  

pupils to work out (refer to appendix VIA). 

 

Teachers‟ reflection showed that first lesson presentation was well taught and most 

pupils had achieved most of the objectives, and discerned the critical aspects of the 

learning object. However, they provided the following suggestions for improvement:  

More real life examples should be given showing that matter has weight and 

occupies space; for instance, when one carries a bucket with water and without water 

in it. In the first presentation, the teacher did not highlight that matter includes all 

things around the pupils‟ environment with examples of stone, soft porridge, person 

and sand. It was argued that this was to be emphasized in the second cycle. In 

addition, the description of the property of solids, liquids and gases was done mostly 

verbally. It was argued that, for the next lesson, the teacher should lead pupils to 

demonstrate how liquids and gases occupy space through activities. For instance, 

water was poured in a glass up to the top; and then, a stone was gently put into that 
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glass containing water. Pupils could watch water pouring out of the glass while the 

stone was occupying the space in the glass. Also, when a balloon is filled with air, it 

expands as air occupies space. During the reinforcement stage, it was suggested to 

give pupils an activity of sorting out liquids, gases and solids.  

 
At Kaloleni, the LO was categorizing things as solids, liquids and gases. The critical 

aspects included: describing the meaning of matter in terms of the two features of 

mass and volume; discerning that everything in the world is matter; classifying 

matter into three states; and discerning that a thing can appear in any of the states of 

matter depending on temperature. Initially, the teacher instructed pupils to say 

whatever they understood about matter and its states. Then, the teacher introduced 

the concept of matter and its states. She used a brief lecture to explain to the pupils 

the meaning of matter, examples of matter and their uses; for instance, Oxygen for 

breathing; Carbon dioxide for plant photosynthesis; Biogas for cooking and energy 

production; hydrogen for filling in the balloons, balls and vehicle tires; wood and 

iron for building; and water for drinking and washing.  Then, the teachers organized 

these pupils in groups of five to sort out things according to their similarities, i.e. 

putting similar things together. Then, pupils were guided to present their findings and 

explain the criteria for their grouping. The teacher emphasized that an object can 

exist in all the three states depending on temperature and pressure conditions; for 

instance, water can exist in all the three states as ice, water and steam (refer to 

appendix VIB). 

 
During teachers‟ reflection on the first cycle, the teacher who implemented the lesson 

commented that:  

“....The lesson was understood to a great extent...” (Focus Group 
Discussion, Kaloleni, 20. 3. 2016) 
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The following improvements were suggested: to increase sets of teaching aids so as 

to decrease the group size from eight to six for more effective learning; more real life 

examples were to be provided to show that matter has mass and occupies space for 

liquids, gases and solids; and to show that air occupies space, the teacher was to 

guide one pupil to blow air into the container using a straw such that the bubbles 

were formed. Then, through questions, the teacher guides the pupils to understand 

that air takes up space; and therefore, it is matter. The teacher does so to also 

emphasize that all things in the world are matter including foodstuffs and living 

things. 

 
For both cycles of the first research lesson, in both schools, when asked what 

methods worked best, the teachers came up with the following perceptions:  

Illustration of the way solids, liquids and gases occupy space helped pupils to 

conceptualize matter with respect to the three states; the use of real objects to 

represent the three states of matter helped pupils to sort out things in the three states 

of matter; and the practical work of sorting things into the three states of matter was 

considered effective for the lesson.  

 

Cycles of the Second Research Lesson 

The sub-topic for the second research lesson was the Properties of the States of 

Matter. The competency to be developed was to illustrate structure and the proper ties 

of matter.  While the general objective was to describe the properties of matter, the 

specific objectives were for the pupils, by the end of forty minutes, be able to: 

practically illustrate the properties of the states of matter; use concept maps to 

illustrate the arrangement of the particles in the states of matter; and identify the uses 



122 

of the states of matter basing on their uses. The LO, for the lesson, was to illustrate 

the properties of the three states of matter.  

 

The second LO at Mnadani primary school was to illustrate the properties of the 

three states of matter. Critical aspects considered were: explaining the gas, liquid and 

solid states in terms of particles; discerning that the states of matter differ mainly due 

to the compactness of its particles; showing the properties of matter basing on shape, 

volume, flowing and spreading; and identifying the states of matter through 

observing its real life applications.  

 
At Mnadani, the teacher guided pupils to discuss the properties of solids through 

brainstorming using buzz groups. Then, the teacher illustrated the properties of 

solids, liquids and gases; as well as calling one pupil to grind a piece of chalk, 

followed by illustrations from the teacher that the particles of a solid are very close to  

each other such that its particles are not free to move further apart. The teacher then 

demonstrated the properties of liquids by pouring some water from a bottle into a 

glass and onto a plate. The pupils could observe how water easily flowed and took 

the shapes of the containers. The teacher then measured some water using the 

measuring cylinder and demonstrated how water from different shapes can have 

fixed volume. Afterwards, she guided pupils to a point that the particles in a liquid 

are further apart than they are in solids. Then, the teacher demonstrated that gases 

have neither fixed volume nor particular shape. She showed how the gas particles 

spread easily using the balloons and perfume. The teacher then reinforced by 

illustrating using the chart that matter is made of particles, and the states of matter do 

differ according to the arrangement of particles.  For details, refer to appendix VIIA. 
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The teachers‟ reflection showed that the first lesson presentation was well taught and 

most pupils had discerned the object of learning through the critical aspects. 

However, they provided the following suggestions for improvement: the chart 

showing the arrangement of particles in solids, liquids and gases had to be revised as 

it was less smart and less visible; after introducing the lesson, the teacher was 

advised to start with the structure of matter before describing the properties of solids, 

liquids and gases; in describing the arrangement of particles, the teacher was advised 

to display the chart and use inquiry method for the pupils to discover the 

arrangement of particles in solids, liquids and gases (here the variation theory was 

used to discover the relative position and arrangement of particles in solids, liquids 

and gases); more practical illustrations were to be done to show that matter is made 

of particles using the chart, grinding pieces of chalk and putting salt in water and see 

how it dissolves into smaller particles and spraying perfume in the classroom and 

observe how the scent spreads; during the reinforcement stage, pupils should be 

involved to illustrate the properties of the states of matter through practical tasks; and 

the pace of the lesson was to be slowed down as it was observed that it was too fast. 

The exercise question numbers one and two were reviewed for more clarity.  

 
The second learning object at Kaloleni primary school was to describe the properties 

of the states of matter. This involved illustrating that matter is made of particles; 

discerning that states of matter differ mainly due to the arrangement and density of 

its particles; and illustrating differences among the states of matter. At this school,  

the teacher guided pupils through practical tasks and demonstrations to discover the 

properties of the states of matter. The teachers highlighted that matter is made of 

particles. The states of matter depend on the density (compactness) of the particles of 

matter. The teacher then reinforced by illustrating using a chart of concept maps that 
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matter is made of particles, and the states of matter do differ according to the 

arrangement of particles. Then, the teacher illustrated other properties of solids, 

liquids and gases. The teachers gave pupils an opportunity, in groups, to list and 

present other properties of solids, liquids and gas. Finally, the teacher read some 

statements of the properties of matter and pupils, individually, were supposed to 

mention the state of matter with such a property. For details, refer to appendix VIIB. 

 

Improvement of the Lesson: Some misconceptions were identified during the lesson 

that the liquid fills the container in which it is contained instead of gas; and liquid 

has fixed volume and definite shape. These misconceptions were to be corrected in 

the next lesson for the other group. Some more distinguishing properties were such 

as rate of spreading and freedom of movement of particles which were added. It was 

observed that there was a need of giving more attention to the properties of gases as 

these were found challenging to the group I pupils. 

 

When asked to mention the teaching methods or techniques which worked best, the 

teachers provided the following: The teachers said that the illustration that matter is 

made of particles; and the structure and the properties of the states of matter vary due 

to this major property which depends on temperature in order to work best. The 

concept mapping was also perceived by the teachers as effective. All six teachers 

perceived that practical illustrations of the properties of solids, liquids and gases 

were the most effective method for pupils to learn the properties of the states of 

matter. 

 

Cycles of the Third Research Lesson 

The sub-topic for the third research lesson was The Changes of Matter. The 

competency to be developed among the pupils was to manipulate the changes of 
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matter. The general objective for the lesson was to understand the changes of matter, 

whereas the specific objectives were for the pupils, by the end of forty minutes, be 

able to: distinguish the physical and chemical changes of matter; bring about the 

changes in matter; and describe the physical and chemical changes of matter. The 

learning object at Mnadani primary school was to illustrate the properties of physical 

and chemical changes in matter; whereas at Kaloleni, the LO was to illustrate actions 

which may lead to physical and chemical changes in matter. The teaching aids used 

were candles, ice creams, paper, matchboxes and rubber bands. The teaching and 

learning materials used included: rubber bands, matchboxes, kerosene stoves, ice 

cream, balloons, candles, pieces of paper,  ripe oranges and sugar. 

 
The LO at Mnadani primary school was to illustrate the properties of physical and 

chemical changes in matter. The critical aspects considered were: describing the two 

types of changes of matter; naming examples of physical and chemical changes; 

identifying actions that may lead to physical changes of matter; identifying actions 

that may lead to chemical changes of matter; and distinguishing the physical and 

chemical changes of matter. The teacher introduced types of changes in matter. Then, 

she presented a brief lecture on the meaning and properties of the physical changes 

of matter. She then explained the actions on objects, which may lead to physical 

changes of matter. Then, the teacher asked the pupils to give examples of the objects 

which may undergo changes due to such actions. Then, the teachers led some pupils 

to demonstrate the changes of matter by stretching a rubber-band, heating ice cream, 

heating some sugar, burning a piece of paper, crashing some pieces of chalk and 

melting of a candle (see the lesson plan in appendix VIIIA). 
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Teachers‟ Reflections: Although the teachers agreed that most of the critical aspects 

had been achieved by the pupils, some aspects of the lesson, especially the practical 

aspect, did not conform to the inquiry based approach. It was agreed that, for the next 

lesson, the teacher should start with practical activities and pupils be asked to discuss 

in groups the properties of the changes of matter they had observed. 

 
At Kaloleni, the LO was to illustrate actions which may lead to physical and 

chemical changes in matter. The critical aspects were:  describing the two types of 

changes in matter; giving examples of physical and chemical changes of matter; 

describing actions that lead to physical changes of matter; describing actions that 

lead to chemical changes of matter; and explaining differences between physical and 

chemical changes of matter. The teachers guided discussion on the types and 

examples of physical and chemical changes of matter and described actions which 

may lead to physical and chemical changes. The teacher asked pupils to provide 

examples of physical changes individually where the pupils mentioned thrashing 

chalk, burning of paper, melting of ice, burning of candle and freezing of water.  

Then, the teachers led the pupils in groups to carry out practical works to show 

physical and chemical changes. First, they lit the candle; second, they stretched a 

rubber band; and third, they melted ice cream (refer to Figure 4.1). 

 

Figure 4.1: Pupils at Kaloleni Primary School Performing Practical Work on 

Changes of Matter 
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The teacher explained chemical changes and guided pupils to carry out practical 

tasks to bring about chemical changes. First, the pupils burned pieces of paper; 

second, the teacher described the properties of chemical changes and provided 

examples of other chemical changes such as food fermentation, ripening or rotting of 

fruits; and third, the teacher guided pupils to state the differences between physical 

and chemical changes of matter. For details, refer to appendix VIIIB.  

 

During reflection, the teachers were asked to use the inquiry approach whereby the 

practical work was to be performed before revealing the type of change so that pupils 

could be given chances to deduce facts from practical tasks. Conclusions from all the 

cycles in the respective schools showed that practical work, demonstrations and 

group discussions were effective methods for discerning the learning object. The 

teaching and learning materials are attached with this thesis.  

 

  (b)  Changes in the pupils’ ways of understanding of matter 

The third objective for this study was to explore the changes in the range of pupils‟ 

understanding of matter in the subsequent cycles of the learning study. The objective 

was guided by the question, „What are the changes in the pupils‟ ways of 

understanding of matter in the subsequent cycles of the learning study? The changes 

were mainly identified through science achievement tests. However, other changes 

were noted through lesson observations and reflections. These changes are presented 

according to the research lessons in Table 4.17.  
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Table 4.17: Repeated Paired Samples Pre-test and Post-test Statistics – All 

Research Lessons  

Item 

No. 

Cycle School Alloca

ted 

Score 

N Pre-test Post-test F- values p 

Mean SD Mean SD  

i Research  

Lesson I 

Mn 10 127 2.17 1.72 7.83 2.21 F(1,125)  

= 833.05       

0.0 

Kl 11 75 4.36 1.36 7.45 2.56 F(1,73)  

= 155.44 

0.0 

ii Research  

Lesson II 

Mn 10 123 3.86 1.79 7.58 2.19 F(1,121)  

= 230.855 

0.0 

Kl 10 73 4.36 2.00 6.17 2.10 F(1,71)  

= 91.957 

0.0 

iii Research  

Lesson III  

Mn 25 135 9.21 4.16 19.12 4.98 F(1,133)  

= 403.75     

0.0 

Kl 25 72 5.78 4.63 14.03 6.08 F(1,70)  

=132.682 

0.0 

  

Source: Field Data (September, 2016) 

 

Key:  Mn – Mnadani 

Kl – Kaloleni 

 

Table 4.17 shows descriptive statistics and one-way repeated measures ANOVA 

which was conducted to compare the mean scores for the pre-test and post-test for 

the first, second and third research lessons at both Mnadani and Kaloleni primary 

schools.  

 
For research lesson I, the results of Mnadani showed a statistically significant 

increase of the mean scores from pre-test to the post test: pre-test (M = 2.17, SD = 

1.72) and post-test [M = 7.83, SD = 2.21). There was a significant effect of the 

intervention from cycle one to cycle two, [Wilks‟ Lambda=0.13, F (1, 125) = 833.05, 
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p<.000, multivariate partial eta squared=0.87.]. The eta squared statistic (0.87) 

indicated a very large effect size. Similarly, for the first research lesson at Kaloleni, 

there was a statistically significant increase of the mean scores from pre-test to the 

post test: pre-test for N = 75 (M=4.36, SD = 1.36) and post-test [M = 7.45, SD = 256) 

, [Wilks‟ Lambda=0.32, F(1, 73)= 155.44, p<.000, multivariate partial eta 

squared=0.68]. The eta squared statistic (0.68) indicated a very large effect size.  

 

The one-way repeated measures ANOVA for research lesson II at Mnadani primary 

school was conducted to compare the mean scores for the pre-test and post-test.  

There was a statistically significant increase of the mean scores from pre-test to the 

post test: for N = 123, pre-test (M = 3.86, SD = 1.79) and post-test [M = 7.58, SD = 

2.19]. This showed the effectiveness of the intervention. [Wilks‟ Lambda=0.344, 

F(1, 121)= 230.855, p<.000, multivariate partial eta squared=0.656]. The eta squared 

statistic (0.68) indicated a very large effect size. The eta squared statistic (0.656) 

indicated a very large effect size. Similarly, at Kaloleni primary school, for the 

second research lesson, there was a statistically significant increase of the mean 

scores from pre-test to the post test: for N=77, pre-test (M = 4.36, SD = 2.00) and 

post-test [M = 6.17, SD = 2.1).  [Wilks‟ Lambda=0.436, F(1, 71)= 91.957, p<.000, 

multivariate partial eta squared=0.564]. The eta squared statistic (0.564) indicated a 

large effect size. 

 
A one-way repeated measures ANOVA  for research lesson III at Mnadani primary 

school was conducted to compare the mean scores for the pre-test and post-test as the 

effect of improvement of the lessons within cycles. There was a statistically 

significant increase of the mean scores from pre-test to the post test: for N = 135, 

pre-test (M = 9.21, SD = 4.16) and post-test (M = 19.12, SD = 4.98). [Wilks‟ 
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Lambda=0.248, F(1, 133)= 403.75, p< 0.000, multivariate partial eta 

squared=0.752]. The eta squared statistic (0.75) indicated a very large effect size.  

Like the results of Mnadani, for the third research lesson at Kaloleni, there was a 

statistically significant increase of the mean scores from pre-test to the post-test: for 

N = 72, pre-test (M = 5.78, SD = 4.63) and post-test [M =14.03, SD = 6.08). [Wilks‟ 

Lambda=0.345, F(1, 70)= 132.682, p< 0.000, multivariate partial eta 

squared=0.655]. The eta squared statistic (0.655) indicated a very large effect size.  

 

Therefore,  the one-way repeated measures ANOVA t-test for  the first, second and 

third research lessons at  both Mnadani and Kaloleni primary schools showed an 

increase of the mean scores from pre-test to the post-test with very large effect size in 

all the subsequent cycles; indicating that the lessons had been very effective to 

reinforce the learning of science about matter.  

 

 Figure 4.2 presents the mean scores of the pre- and post-tests for each research 

lesson in percentage (in the scale of 100) through which we obtain the histogram 

view at Mnadani primary school. 

 

Figure 4.2: Comparison of the Mean Scores for Pre- and Post-tests at Mnadani 
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The gains in mean scores from the pre-test to the post-test at Mnadani were: for the 

first research lesson, 5.66 (56.6%);  for the second research lesson, 37.2 (37.2%); and 

for the third research lesson, 9.91 (39.7%). Hence, the most successful cycle was the 

first research cycle, followed by the third research cycle.  

 

Figure 4.3 presents the mean scores for pre- and post-tests for each research lesson in 

percentage (in the scale of 100) when we obtain the histogram view at Kaloleni 

primary school. 

 

 

Figure 4.3: Comparison the Mean Scores for Pre- and Post-tests at Kaloleni 

 

The gains in mean scores from the pre-test to the post-test at Kaloleni were: for the 

first research lesson, 3.09 (28.1%); for the second research lesson, 1.81 (18.1%); and 

for the third research lesson, 8.25 (34.1%). The most successful cycle was the third 

research cycle, followed by the first research cycle.  
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With reference to Table 4.18, for lesson one at Mnadani, one-way between-groups 

analysis of variance (ANOVA) was conducted to compare the post-test mean scores 

for groups one and two. There was a statistically significant difference at the p<.05 

level in the post-test scores for the two groups [F (1, 143) = 4.368, p = 0.038].  The 

mean for group one was (M = 7.28, SD = 2.36) and that of group two was [M = 8.05, 

SD = 2.08). This indicates that, there was improvement from the first cycle to the 

second cycle, as a result of improvement of the materials between the cycles.      

 

Table 4.18:  One Way between Groups ANOVA Statistics for Post-test Results 

Lesson 

Cycle 

School Group One Group Two F -value P 

Mean SD Mean SD 

1st 

Research  

Lesson  

Mn 7.28 2.36 8.05 2.08 F(1,143) 

 = 4.368 

0.038 

Kl 6.79 2.47 8.25 2.36 F (1,79)  

= 7.327 

.008 

2nd 

Research 

Lesson 

Mn 7.61 2.13 7.54 2.18 F(1,144)  

= 0.035 

0.852 

Kl 5.78 2.15 6.37 2.05 F (1,75)  

= 1.501 

0.224 

3rd 

Research 

Lesson 

Mn 18.16 5.57 19.92 4.22 F(1,144) 

 = 4.604 

0.034 

Kl 12.45 5.91 15.68 6.08 F(1,76)  

= 5.670 

.020 

 

Source: Field Data (September, 2016) 

Key: Mn – Mnadani 

Kl – Kaloleni 

 

Similarly, for Kaloleni, the one-way between-groups ANOVA showed a statistically 

significant difference in the post-test mean scores between groups one and two, at the 



133 

p<0.05. The post-test mean scores and standard deviation were for group one (M = 

6.79, SD = 2.47) and group two (M = 8.25, SD = 2.36)]. The one-way between-

groups ANOVA values are [ F (1, 79) = 7.327, p = 0.008]. However, in both cases, 

the magnitude of the differences in the means was very small (Mnadani: eta squared 

= 0.3; Kaloleni: eta squared= 0.38). This shows that teachers‟ improvement of the 

lesson had effected improvements in pupils‟ understanding in the second cycle to 

group two, though to a lesser extent.  

 

However, for lesson two at Mnadani, a one-way between-groups ANOVA showed 

no significant difference at the p<.05 level in the post-test scores for the two groups 

[F (1, 144) = 0.035, p = 0.852]. The mean for group one was (M =7.61, SD = 2.13) 

and for group two was (M = 7.74, SD = 2.18)   p = 0.852). The eta squared statistic 

(0.00024) indicated a very small effect size. Similarly, at Kaloleni,  the one-way 

ANOVA showed no significant difference in the post-test mean scores between 

groups one and two: for group one, (M = 5.78, SD = 2.15); and for group two, (M = 

6.37, SD = 2.05) . The ANOVA values are [F (1,75) = 1.501, p = 0.224]. This shows 

that teachers and researcher-cum teacher‟s improvement of the lesson materials had 

effected no changes in pupils‟ understanding in the second lesson presentation to 

group two. This implies that cycle one of the lesson was as effective as cycle two of 

the lesson two.  

 
For lesson three at Mnadani, the one-way between-groups ANOVA showed a 

significant difference in the post-test mean scores between group one and group two: 

for group one, (M = 18.16, SD = 5.57); and for group two, [M = 19.92, SD = 4.22).; ( 

F(1, 144) = 4.604, p = 0.34). The analysis was done at p<0.05 level. The eta squared 

(0.33) indicated small effect size.  
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On the other hand, for the results of Kaloleni, one-way between-groups analysis of 

variance (ANOVA) was conducted to compare the post-test mean scores for groups 

one and two. There was a statistically significant difference at the p < 0.05 level in 

the post-test scores for the two groups: group one (M = 12.45, SD = 5.9) and group 

two (M =15.68, SD = 6.08),  [F (1,76) = 5.670,  p = 0.02). The eta squared statistic 

(0.07) indicated moderate effect size. Our improvement of the lesson had effected 

significant increase in pupils‟ understanding in the second cycle to group two, but 

with a small effect size (eta squared 033) at Mnadani and moderately large effect size 

at Kaloleni.  This shows that cycle two for lesson three was more effective at 

Kaloleni. 

 

Figure 4.4: Comparison of the Post-test Mean Scores on a Scale of 100%  

 

From Figure 4.4, it can be concluded that the research was most successful at 

Mnadani primary school with respect to all the three cycles. The difference between 

Kaloleni and Mnadani in the first cycle was 10.6%; second cycle 14.1%; and in the 
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third cycle, the difference was 19.3%. This shows that the post performance gap 

between Mnadani and Kaloleni was bigger for the third cycle. 

 

4.2.4 Evaluation of the Effectiveness of Curriculum Materials  

This objective was guided by the question, „How did the materials developed under 

the learning study model influence learning achievement?‟ The evaluation was 

examined in terms of pupils‟ learning and teacher learning (professional 

development).  The assessment in this study was formative in nature. It was part and 

parcel of the research rounds. This was done through classroom observations, 

teachers‟ reflection FGDs and analysis of the science achievement tests. Summative 

evaluation was carried out through interviews with the teachers.  

 

Pupils’ Learning  

The paired samples t-test  ( for pre- and post-tests) for  the first, second and third 

research lessons  in both primary schools showed  an increase of mean scores from 

pre-test to the post-test with very large effect size in all the subsequent cycles; 

indicating that the lessons were very effective to reinforce the learning of science 

about matter. Independent samples t-test of the post-test scores between the groups in 

the successive cycles showed a significant increase in achievements, as results of 

improving the lessons. This achievement ranged from moderate to small effect size.  

 
When asked whether the pupils understood the lessons, they said that: 

“…Generally, to a large extent, the pupils understood the lesson 

well as this could be drawn from the assessment and evaluation 
stage of the lessons, as most pupils provided correct answers from 
the lesson…” (Focus Group Discussion, Mnadani, 23. 10. 2016) 
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The use of real life materials in school, commonly found at home, might have 

motivated the pupils and helped them relate knowledge they had got from real life 

experiences. When asked what might have contributed to this, the teachers stated the 

following factors which could have influenced the pupils‟ understanding: the 

provision of more focused lessons; the involvement in activities in groups; and the 

use of teaching aids.  They further said that the involvement of pupils in learning 

activities increased their knowledge retention. 

 

Professional Development for Teachers 

Cooperative Sharing of Knowledge, Skills and Strategies 

The teachers were happy that the study could make them work together and discuss 

the challenges of teaching and learning, and share skills together. One teacher 

claimed that it did not happen before: “...it never happened before for us science 

teachers to meet and discuss pupils‟ learning challenges and teach together...”.  This 

made them realize the practicability of implementing team teaching in the school. 

Thus, the teachers learned how to work in team in dealing with difficult topics and 

pupils‟ problems. Hence, this learning study improved collegiality and cooperative 

sharing of skills, knowledge and strategies (Coben, Thomas, Sattlers & Morsink, 

1997). This study also helped teachers plan and focus more on the lesson, tailored 

around the learning needs of the pupils with respect to the learning object and critical 

objects. In addition, the study managed to decrease even the social distance among 

the teachers, an aspect which, consequently, increased cooperation among them. 

 

Improved Pedagogical Knowledge 

With regard to the improved pedagogical knowledge, the teachers said that they 

gained new teaching skills through discussion with their fellow teachers and 
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observing them presenting the lessons. The teachers admitted to have also learned 

how to work as a team to deal with difficult topics and pupils‟ problems. The 

teachers involved in the study also helped their fellow teachers to plan teaching by 

focussing more on the lesson in relation to the learning needs of the pupils, with 

respect to the learning object and critical objects.  

 
Improvisation and the Use of Teaching Aids from the Local Environment 

This study was characterised by the use of locally obtained materials. As a result, the 

study enabled the teachers improve their selection and use of teaching and learning 

aids. It also developed their creativity in improvising some teaching and learning aids 

such as real things and models. One teacher said, on this particular regard, that: 

“...The use of cheap teaching aids has helped me develop creativity 
in using cheaply available materials used at home. These are like 

kerosene and wheat flour...”  (Focused Group Discussion, Kaloleni, 
22.10. 2016) 
 

 This statement shows that the teachers were sensitized on the use of home 

found materials during the process of teaching and learning.  

 

Probing Prior Knowledge before Teaching 

The teachers involved in the study acknowledged to have realized the importance of 

probing pupils‟ conceptions prior to teaching. This could be done either through 

tests, interviews with the pupils, or just questioning and giving them tasks to perform 

prior to the new learning. 

 

Teachers’ Motivation and Reaction to the Innovation 

It is important to note that, at the beginning of the study, the teachers were sceptical 

about what was going to be done in the study. For instance, one of the teachers used 

to give excuses most of the time we met for the study. However, later on, changes in 
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her perception were observed as she got used to the process. William (2012) 

observed that, in practice, teachers are sometimes sceptical of any new innovative 

products as an attempt of wanting to know and develop better ones. The quality of 

teachers in adopting a new curriculum depends on their involvement in the design 

and implementation process (William, 2012). 

 

In group discussion, teachers reported the following challenges encountered during 

implementation of the learning study: 

 The approach was time consuming as teachers had to find time to 

cooperatively plan, implement and reflect the lessons.  

 It is difficult to study pupil learning in a large class. Setting small classes 

within the large class through group works can help to some extent. 

 Availability of the teaching and learning resources. Although some teaching 

and learning resources were improvised, some materials had to be bought. 

This requires use of financial resources; while in the schools, it is not 

common to provide funds for buying teaching and learning materials. The 

problem broadens when the class size is bigger.  

 Interference during implementation of the lesson: As the number of teachers 

was more than one during the implementation of the lesson, together with 

other gadgets such as tape recorder and video camera, the pupils‟ attention to 

the lesson was likely to be interfered. However, later on, the pupils got used 

to the situation. 

 Interference with teachers‟ other planned lessons as one teacher put it:   
 

“Sometimes, there was some interference of lessons in the 
school timetable when we were involved in the research” 
(Focus Group Discussion, Mnadani, 2016).  
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Generally, in this chapter, the findings have revealed that, pupils were: facing 

difficulty in defining matter in terms of mass and volume as applied to solids, liquids 

and gases; unable to discern that all things around them were matter; facing difficulty 

in classifying matter into its three states; unable to deduce the states of matter of 

things from their day-to-day uses; facing difficulty in illustrating and explaining the 

properties of solids, liquids and gases; facing more difficulties in identifying the 

properties of gases than the properties of solids; and above all, pupils were facing 

difficulty in distinguishing, bringing about and explaining  the physical and chemical 

changes of matter. 

 

However, after the intervention, the Learning Study Model (LSM) and the 

Conceptual Change Model (CCM) appeared to have worked effectively in addressing 

the pupils‟ content related learning difficulties and misconceptions. The  one-way 

repeated measures ANOVA  for  the first, second and third research lessons at  both 

Mnadani and Kaloleni primary schools showed an increase of mean scores from pre-

test to the post-test with very large effect size in all the subsequent cycles.  

 
Independent samples t-test between groups one and two for the first, second and third 

research post-test revealed that there was a significant difference in the post-test 

mean scores between groups one and two, at Mnadani and at Kaloleni respectively. 

However, in both cases, the magnitude of the differences in the means was very 

small; and for research test II (post-test) at Mnadani and Kaloleni, independent-

samples t-tests showed no significant difference in the post-test mean scores between 

groups one and two. 
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CHAPTER FIVE 

DISCUSSION OF THE RESEARCH FINDINGS 

This chapter discusses the main findings of the study in accordance with the research 

objectives. It, therefore, focuses on: the learning difficulties identified; characteristics 

of the curriculum materials developed which addressed pupils‟ content related 

science learning difficulties; and the suggestions on teaching about matter drawn 

from the experienced Learning Study. In addition, the chapter explores an effective 

role of assessment in learning, learning study and school development, and learning 

study and school-university partnerships as experienced from the study. Finally, it 

presents evaluation of the effectiveness of the developed curriculum materials. 

 
5.1 Discussion of the Research Findings 

This study aimed at developing and trying out alternative curriculum materials that 

can address pupils‟ learning difficulties in the topic of matter in the science subject 

so as to enhance more understanding. Matter and its States is among the fundamental 

topics to be learned by children in elementary science courses  (Cakici  Yavuz, 2010). 

Several misconceptions have been observed among teachers and students on 

“Matter” (Tatar, 2011).  

 
The design of this study used the learning study model to develop and explore 

pupils‟ learning progressions in the primary science curriculum of Tanzania.  

However, in organising learning experiences, the Conceptual Change Model was 

integrated. Moreover, the study used adoptive evolutionary approach by which 

materials are developed during and through the implementation process (Altrichter, 

2005).  In line with this objective, the central research question that was explored in 

the study was, “What are the characteristics of effective curriculum materials, under 
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learning study model, that address pupils‟ science learning difficulties?” In order to 

answer this question, in collaboration with the practising teachers, this study was 

done in the following stages: 

(i) Identification of learning difficulties in the topic of matter among the pupils;  

(ii) Designing and developing curriculum materials which could address the  

learning difficulties; and 

(iii) Evaluating the effectiveness of curriculum materials during and after 

implementation. 

 
To answer the research questions, this study, as mentioned earlier, used variation 

theory under Learning Study Model (LSM) and Conceptual Change Model (CCM). 

In organizing the learning experiences, this study firstly explored the pupils‟ content 

related learning difficulties and misconceptions; secondly, pupils were made to 

confront these learning difficulties and misconceptions through various learning 

experiences; and thirdly, pupils were helped to reconstruct and internalize their 

knowledge base, based on the scientific models.  

 
Variation theory was used throughout the study in the following ways: Firstly, the 

teachers were made to discuss in order to come up with a shared understanding and 

work collaboratively. This is called variation in the teachers‟ understanding of the 

ways of dealing with the object of learning. Focused group discussions were used in 

order to elicit a wide range of alternatives (responses) and come up with the best 

perceived alternative. Cohen et al. (2007) contend that group interview can bring 

together people with varied opinions, or as representatives of different collectivities.  
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Secondly, variation theory was used during analyzing pupils‟ responses in the test 

answers and during implementation of the research lessons. Pupils‟ reactions were 

analyzed to explore how the pupils‟ responses support, influence, compliment, agree 

and disagree with each other, and the relationship between them. These responses 

were then used to focus on the lessons. Thirdly, variation theory was used as a 

guiding principle of pedagogical design.  Matter can have several properties such as 

colour, texture, shape, size (volume), mass, flowing and spreading. Other properties 

of matter are state, density, visibility versus invisibility, heat conductivity and 

electrical conductivity. This study explored the critical properties for defining matter 

with reference to liquid, solid and gaseous states. In addition, the study explored the 

properties that distinguish the states of matter. Further, it explored the changes of 

these properties in the course of their physical and chemical changes. Variation 

theory was used to expose the properties that are appropriate for discerning particular 

learning objects. Usually, the lesson started by exploring the macro-properties of 

matter followed by their corresponding micro-properties. The study used the patterns 

of separation, contrast, fusion and generalization among these properties of matter.  

 

Generally, using Learning Study, the study involved selection of the intended object 

of learning, establishing what actually happens in the classroom as the enacted object 

of learning and establishing what the pupils actually learned as the lived object of 

learning. The front-end analysis stage consisted of analysis of the context in the 

primary schools involved in the study. A review of relevant literature sought insight 

in the nature of the science learning difficulties; intentions, practices and effects of 

the learning study; and suggestions on the design guidelines while developing 

curriculum for children. 

 



143 

5.2 The Identified Content Related Learning Difficulties   

Teachers from the two schools considered three topics as challenging: 

(i) The Scientific Methods and Principles: Here the teachers reported to face 

difficulty in designing experiments, following the procedures of the 

scientific investigations distinctly; 

(ii) Change of State: In this topic, the teachers reported difficulty in illustrating 

the properties of matter and the physical and chemical changes it undergoes 

with the use of symbols; and  

(iii) Energy, Machines and Work: In this topic, the mathematical aspects appeared 

challenging for the teachers to teach and learners to learn.  

 
The teachers of both schools, though at different occasions, decided to start dealing 

with the topic of Changes of Matter. The sub-topics which were included for the 

study were Maada na Hali zake (Matter and the States of Matter), Sifa za Hali za 

Maada (The Properties of the States of Matter) and Mabadiliko ya Maada  (Changes 

of Matter). The topic was considered as the basis for learning of many science 

concepts. The selection of the domain for learning was supported by literature that 

children face difficulty in studying the properties of matter (Kind, 2004).  

 

These findings are consistent with those of Ogunkola and Samuel (2011) who 

conducted a study to investigate the perception of students and teachers of the 

difficult topics in the lower secondary school science curriculum of Barbados in the 

Caribbean region. The findings revealed that most students generally found the 

highest levels of difficulty in physics and chemistry concepts including physical and 

chemical changes. Through focus group discussion with teachers followed by 
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performance tests, the following were identified as learning difficulties in the 

following areas:  

 

The findings show that, initially (before intervention), the pupils were: facing 

difficulty in defining matter in terms of mass and volume as applied to solids, liquids 

and gases; unable to discern that all things around them were matter; facing difficulty 

in classifying matter into its three states; unable to deduce the states of matter of 

things from their day-to-day uses; showing difficulty in illustrating and explaining 

the properties of solids, liquids and gases; facing difficulties in distinguishing, 

bringing about and explaining the physical and chemical changes of matter; unable to 

explain the properties of the three states of matter basing on its particulate nature; 

and above all, pupils had more difficulty in identifying the properties of gases than 

the properties of solids.  Nevertheless, it was learnt that, it was easier for them to 

identify the properties of liquids perhaps because they can be observed more clearly 

than those of the invisible gas and non-moving solid.  

 
 In the sub-topic of Matter and the States of Matter, pupils faced difficulty in 

describing the meaning of matter in terms of mass and volume with respect to each 

of the three states of matter, i.e. solid, liquid and gas.  It was noticed that, it was 

difficult for the pupils to experience that all the states of matter have mass and 

occupy space. In addition, pupils were not able to discern that everything in the 

world is matter, as everything has mass and occupies space including living things. 

Similarly, in their experimental study about the effect of constructivist science 

teaching on the 4th grade, students‟ understanding of matter, Cakici and Yavuz 

(2010) report that, children did not consider all the things around them as matter. For 

instance, they considered foods like tomatoes as not matter because they were eaten 
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or because they considered them as vegetables. Describing the existence of matter in 

an invisible form, i.e. gas, was also challenging among the pupils.  

 

Classifying things into three states of matter appeared challenging among the pupils. 

This finding aligns with that of Kind (2004) who reports that direct sensory 

experience leads children to a naive view of matter involving more than three states. 

Most pupils were unable to discriminate gas contained in a vessel from the vessel 

itself. Furthermore, pupils failed to relate the properties of the states of matter and 

their uses. It was also difficult for pupils to discern that an object can exist in any of 

the three states depending on temperature conditions; for instance, the existence of 

water as ice, water and steam. Similarly, Cakici and Yavuz (2010) observed that 

children considered the states of matter not restricted to only three kinds; rather, 

matter was considered to exist in more than three kinds of stuff in nature: powder, 

food, plastic, sand, grain, dough, etc.  

 

Furthermore, pupils were expected to relate the uses of objects in real life with their 

properties by stating the uses of objects in solid, liquid and gaseous forms. The 

pupils were observed to have difficulty in identifying the uses of gases, followed by 

liquids, and the easiest task for them was to state the uses of solids. Similarly, Cakici 

and Yavuz (2010) found out that, although children knew that matter exists as solid, 

liquid and gas, they had difficulty in applying this knowledge to the substances in 

their environment – they tended to classify matter based on their feelings. However, 

Cakici and Yavuz (2010) reported from their research that children were not aware 

that granular materials like sand and wheat flour are powders which can be poured 

from one vessel to another, and take the shape of the vessel. Similarly, Tatar (2011) 

observed that even prospective primary schools teachers had misconceptions about 
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solids, liquids and gases. This misconception arises when the learners do not 

consider some examples of solid matter such as sand, sugar or flour (Tatar, 2011). 

However, in this study, pupils did not show such difficulty. This may be because 

they were provided with thought provoking examples in the research tests and 

lessons. Sand, sugar and flour were among the examples used in the lesson dealing 

with the states of matter in this study. Therefore, in teaching about the states of 

matter, the misleading elements should be considered while designing and 

implementing lessons. 

 
In the sub-topic of the properties of the states of matter, the following aspects were 

found difficult among the pupils: to describe the macroscopic properties of the states 

of matter such as shape, volume, hardness, rate of flow and ability to spread using 

examples from their environment; and to illustrate differences among the properties 

of the states of matter based on shape, volume, rate of flowing and spreading, and 

freedom of movement of particles. The particle nature of matter is a very important 

aspect in the disciplines of science and it is central to the school science curricula, as 

it serves as a building block for learning within a discipline (Tsaparlis & Sevian, 

2013).  

  

However, it was observed that the pupils faced difficulty in explaining the gas, liquid 

and solid states in terms of particles.   Similarly, Kind (2004) proposes that children 

do not easily comprehend abstract ideas including; for example, ideas concerning 

particles in relation to the properties of matter.  A large proportion of children persist 

in thinking that substances are continuous (Kind, 2004). In this study, pupils did not 

comprehend well the fact that the states of matter differ mainly due to the 

arrangement and density of its particles.  



147 

 In addition, in this study, pupils were observed to be facing a challenge of 

comprehending that particles in gases are furthest apart in comparison with particles 

of liquids and solids. The analysis also showed that most pupils had difficulty in 

identifying the arrangement of particles in liquid. This was probably due to the fact 

that, it is in between the arrangement of solid particles and gas particles. This level of 

difficulty was followed by that of identifying the particle arrangement for solid; and 

finally, the arrangement of particles for gas. 

 

In the sub-topic „the Changes of Matter‟, the following aspects of learning appeared 

difficult among the pupils: describing the properties of two types of changes of 

matter; distinguishing the physical and chemical changes of matter; explaining the 

differences between physical and chemical changes of matter ; identifying actions 

that may lead to physical and chemical changes of matter; and lastly, mentioning 

examples of physical and chemical changes.  

 

5.3 Characteristics of the Curriculum Materials  

The Learning Study Model (LSM) and the Conceptual Change Model (CCM) were 

used to develop materials in this study.  After identifying the learning difficulties and 

misconceptions, the objects of learning and critical aspects were established. Then, 

the pupils were made to confront their learning difficulties and misconceptions 

through questions and answers, discussions, concept mapping, practical tasks and 

thought-provoking examples. In addition, variations were used to distinguish critical 

aspects from the non-critical ones in discerning the learning objects.  

 

The curriculum materials which were developed in this study include the lesson 

plans, content (teaching notes) and achievement tests. These curriculum materials 
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developed under this study focused on the teacher, the pupil, teaching and learning 

facilities, and the content.  The study made teachers work together to discuss the 

challenges of teaching and learning, and sharing skills together. The teachers realized 

the practicability of implementing learning study (collaborative teaching) in the 

school. Thus, the teachers learned how to work in team when dealing with difficult 

topics and pupils‟ learning prob lems.  Hence, the teachers shared skills and strategies 

in dealing with difficult areas of the curriculum. This conclusion aligns with that of 

Coben, Thomas, Sattlers and Morsink (1997) who report that learning study 

improves collegiality and cooperative sharing of skills, knowledge and strategies. 

This finding seems to side very much with the liberating framework as LS 

empowered teachers while dealing with the pupils‟ learning challenges through 

respectful dialogue (Freire, 1970; Lodico et al., 2006). On the other hand, Freire 

(1970) suggests that research should be conducted in collaboration with the 

community whereby the participating members get involved in selection and analysis 

of themes during data analysis in order to understand reality from the perspectives of 

the community. Learning study is one of the researches which require involvement of 

the community in dealing with its problems. 

 
With respect to the learners, the study elicited the alternative conceptions children 

had prior to the new learning; created links to children‟s experiences during lesson 

implementation; and provided them with the first-hand experiences. The lessons 

usually started by eliciting pupils‟ existing ideas about matter; then, the 

misconceptions were challenged and altered (Cakici & Yavuz, 2010). Thereafter, the 

lessons were organized in consideration of the pupils‟ preconceptions which were 

usually explored either through pre-test, interviews, or during lesson development 

stages; especially when they were involved in the learning tasks. 
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The research lessons in this study were characterized by creating connections 

between the children‟s experiences and the new lesson.  The overall goal of primary 

science is to help children make sense of the phenomena and events in the world 

(Harlen & Qualter, 2004). In addition, connections were made to associate ideas, 

concepts, events and phenomena in the children‟s experiences and the science 

concepts being taught. Basing on this finding, teachers are advised to provide 

opportunities for children to use and express their own ideas, and investigate them 

(Harlen & Qualter, 2004).  

 
Moreover, the research lessons mostly involved practical tasks used with questions 

for discussions to reinforce learning. Therefore, teachers should provide materials for 

the first-hand experiences and provide time for the children to explore (Harlen & 

Qualter, 2004). Similarly, Murphy and Beggs (2003) observe that erosion of 

children‟s interest to science is caused by lack of experimental work, repetitive topic 

revision and practice assessments for national tests, and inappropriate curriculum 

content that does little to awaken children‟s interest. Therefore, in response to this, 

practical tasks were involved in almost all the research lessons.  

 
The study involved content selection through setting of the LO and CAS relative to 

the needs of a group of learners involved. Only the content that was likely to lead to 

the understanding of the learning object and critical aspects was used for research 

lessons.  The formulation of LO and derivation of the critical aspects called for 

content selection to make pupils understand the LO in an intended way.  Lo (2012) 

asserts that, content is an important aspect in teaching. In this study, the critical 

aspects were used to describe features with regard to the content and students‟ 

understanding of what is taught and what is necessary for them to be aware of,  to be 
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able to experience what is to be learned in a particular way (Kullberg, 2010).  During 

designing of the content, teachers were supposed to create variations in the objects of 

learning to allow learners construct similarities and differences among the 

dimensions in the object of learning. In the learning study, teaching is considered as 

a process of creating variations in relevant dimensions of objects and events to 

enable learners discern the critical aspects for understanding LO in a particular way 

(Kullberg, 2010). 

 

Four different patterns of variation were used in developing the lessons. These 

include contrast, separation, fusion and generalization (Marton et al., 2004); but not 

all at the same time. Along the same vein, Marton and Booth (1997) propose that 

learning is comparing, i.e. learning involves identifying critical similarities and 

differences, classifying and generalizing. The use of variation theory as a 

pedagogical design seems to be an improvement of the ancient Aristotle‟s three laws 

of associations in learning and memory (Collins, 2002):  

(i) Theory of association by contiguity, which states that events or objects that 

occur at the same time and space are associated in memory;  

(ii) Theory of association by similarity, which states that objects or events which 

are similar are associated in memory; and  

(iii) The theory of association by contrast, which states that objects which are 

opposite tend to be associated in memory. 

 
Nevertheless, matter has properties such as colour, texture, shape, size (volume), 

mass, flowing, spreading, state, etc. This study explored the critical properties for 

defining matter with reference to liquid, solid and gas states. In addition, the study 

explored the properties which distinguish the states of matter. Further, the study 
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explored the change of these properties when matter changes physically and 

chemically. 

 

With respect to the teaching and learning facilities, the research lesson used 

commonly and cheaply available materials as teaching aids in the research lessons. 

Materials do not have to be expensive, especially at the primary level. Use common 

materials in practical tasks and demonstrations to build on students‟ previous 

experience with the materials and to keep costs down (Lerner Classroom, 2007). 

Opara and Eukudo (2014) add that, primary school administrators should encourage 

classroom teachers to produce and use instructional materials in teaching. Teachers 

should not wait for the Government to do everything; they should go an extra mile in 

the improvisation of instructional materials for their pupils (Opara &Etukudo, 2014).  

 
In relation to the teaching and learning facilities, the curriculum materials under the 

learning study appeared to be context dependent. Teachers‟ choices on teaching 

approaches differed in different circumstances; for instance, sometimes, it was 

necessary to manipulate the context by improvising some teaching and learning 

materials, and buying some low cost materials. The curriculum materials  appeared to 

depend very much on the school environment including infrastructure such as 

buildings, furniture and teaching- learning facilities (teaching and learning aids, and 

text and supplementary books), teachers‟ qualifications and attitudes, class size, 

school culture and the support provided by the management and other teachers who 

were not involved in the study. Devadoss and Foltz (1996) opine that, a physical 

environment with improved facilities provides comfort, security, better 

understanding of courses and can be dramatic in terms of increased learning and 

performance.  
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Furthermore, Fonseca and Conboy (2006) contend that effective science education 

implies creation of an environment for maximizing learning success. Dumont and 

Istance (2010) mention four important aspects of the learning environment:  the pupil 

as a learner, the teacher as a learning professional, resources and facilities for 

learning, and the content of learning.  The fundamental feature in the learning study 

is the creation of an educational environment where there is discernment of critical 

aspects of LO and keeping them in focal awareness through teacher-pupils 

interaction. Therefore, the curriculum materials‟ characteristics are related to these 

aspects of the learning environment in which the teaching methods operate.  

 
Ramsden (2003) adds that a collaborative, supportive and purposeful leadership for 

teaching is associated with a culture of strong teamwork and student- focused 

approaches. Where these characteristics are not experienced, information 

transmission and teacher- focused approaches are more prevalent (Ramsden et al., 

2003).  Therefore, the school and classroom environment can be affected not only by 

educational principles and building design, but also by factors like financial 

limitations, beliefs and the motivation to change a setting, which has become familiar 

and manageable (Kershner, 2000).  

 

5.4 Teaching for Learning about Matter: Experience from the LS 

This study investigated pupils‟ learning in order to inform teaching that reflects the 

pupils‟ learning needs. Therefore, this section presents the pedagogical-content-

knowledge about „Matter and its Change of State‟, drawing from the Learning Study. 
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5.4.1 Teaching for Learning the Concept of Matter 

In teaching about matter, teachers were to show clearly what matter is and what it is 

not by comparing and contrasting the concept of matter with pupils‟ existing ideas 

about matter. The teachers also emphasized the proper meaning of matter in terms of 

its two characteristic properties, i.e. mass and volume. The teacher had to describe 

the terms “mass” and “volume”; mass as amount or quantity of matter and volume as 

the amount of space occupied. Teachers also led the pupils to explore how solids, 

liquids and gases have mass and occupy space through activities.  For instance, 

teachers were to fill a glass with water up to the top; and then, put a stone into it. By 

doing this, pupils could watch water pouring out of the glass while the stone was 

occupying the space in the glass. Also, when filling in a balloon, the balloon expands 

as air occupies space. Therefore, the teacher must highlight that matter includes all 

things in the world. Real life examples should be given to show that matter has 

weight and occupies space; for instance, when one carries a bucket with and without 

water in it.  The teacher has to highlight, for example, that while a piece of wood and 

water occupy space with the same amount of space, air in the balloon occupies space 

by filling the whole space of the container.  

 
These findings concur with the recommendations suggested by Cakici and Yavuz, 

(2010) who explored the effect of constructivist science teaching on the 4th grade 

students‟ understanding of matter. In teaching about matter, teachers should give 

more emphasis on the basic concepts related to matter, e.g. mass, volume and state 

rather than giving classical examples of matter like table, water and air (Cakici  

Yavuz, 2010).  Teachers need to highlight that matter is everything around us 

including ourselves. Moreover, Cakici and Yavuz (2010) found out that giving 
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different thought-provoking examples like sponge, oil, sand and sugar can be very 

effective in developing children‟s understanding about matter and its states.  

 

5.4.2 Teaching for Learning the Three States of Matter 

The teachers guided pupils to classify things according to the three states of matter 

by contrasting their macro-properties such as hardness, easiness of flowing, and 

spreading. Basing on this, teachers in classroom can then provide pupils with some 

solids, liquids and gases to classify in their groups. The teacher may also ask pupils 

to provide examples of the solids, liquids and gases from their life exper iences.  In 

the context of this study, the teachers also guided pupils to note that the balloon 

contained air which is gaseous, while the balloon itself is in a solid state. Basing on 

this, pupils should also be guided to relate the states of matter and their uses in daily 

life. 

 

5.4.3 Teaching for Learning the Properties of the States of Matter 

Pupils were guided to conduct practical work to illustrate that matter is made of 

particles. This was done by grinding pieces of chalk, putting salt in water and seeing 

how it dissolves into smaller particles, putting potassium permanganate in water and 

observing the spreading of the particles (colour), and spraying perfume in the 

classroom and observing how the scent spreads. Then, the teachers displayed concept 

maps showing the arrangement of particles in solids, liquids and gases. Thereafter, 

the teachers allowed pupils to discuss the arrangement of particles in solids, liquids 

and gases. Basing on this finding, teachers were advised to use the inquiry method 

for the pupils to discover the arrangement of particles in solids, liquids and gases. 

Teachers might highlight that the states of matter differ due to the arrangement and 
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density of particles contained in them. Then, teachers can relate the properties of the 

states of matter and their uses.  

 

5.4.4 Teaching for Learning the Changes of Matter 

On teaching the changes of matter, initially, the teachers introduced the types of 

changes in matter. Then, they guided pupils to perform practical tasks to demonstrate 

physical and chemical changes of matter, and assigned the pupils in groups to discuss 

the properties of the changes of matter they had observed.  The teachers highlighted 

actions which might lead to physical and chemical changes of matter.  Basing on this 

finding, teachers may also ask the pupils to give examples of physical and chemical 

changes from their life experiences. In this study, the teachers guided pupils in 

groups to distinguish the properties of physical and chemical changes using the T-

technique. 

 

5.5 The Role of Assessment: Experience from the Learning Study Model 

In this study, qualitative analysis (content analysis) of tests was used mostly to 

diagnose students‟ learning difficulties; while the quantitative analysis of the tests 

was used at some instances to assess the outcomes of the model. This practical aspect 

is not common among primary school teachers in Tanzania, as they focus more on 

statistics of the examination results. According to Yorke (2008), learners may be 

assessed for three main purposes: to promote learning, to certify achievements, and 

to control and assure the quality of learning. Furthermore, Scott et al. (1994) remark 

that, teaching should involve regular feedback for checking learners‟ understanding, 

so that teaching and learning experiences can be adjusted according to the learning 

demands. 
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Nowadays, there seems to be too much emphasis on quantitative analysis of tests to 

define and determine the quality of education. In America, for instance, Eisner 

(2013) contends that, quantification through test scores is believed to be a way to 

increase objectivity, secure rigour and advance precision in assessment. Similarly, in 

Tanzania, Mhando (2012), Nyirenda and Ishumi (2004) and Sumra &Katabaro 

(2014) assert that, there is a problem of an examination driven education system 

where teaching is centred on helping students pass examinations whereby schooling 

has been mistaken to be the accumulation of facts for reproduction during 

examinations. It is further argued that:  

The nature of examinations that we have are distorting learning 
objectives to focus on aspects that are not the skills and capabilities we 

desperately need, and that we  begin to believe that we are doing better 
when in fact we are not.  (Sumra & Katabaro, 2014, p. 31)  
 

Therefore, Eisner (2013) points out that, the limitations of quantification in testing 

are increasingly being recognized.  Qualitative analysis of tests is   also necessary in 

assessment for learning. Eisner (2013) draws from constructivism that, what 

something means comes both from the features of the phenomenon to be addressed 

and from the way those features are interpreted or experienced by individuals. 

Hence, qualitative analysis of tests can help teachers diagnose learners‟ prior 

perspectives on a given phenomenon, and customise the teaching according to the 

needs of the learners. To make our examinations effective, we have to make them 

focus on developing skills, abilities and competencies (Sumra & Katabaro, 2014).  

 
With learning study, the main purpose of assessment is to enhance learning. Thus, 

with the Learning Study Model, the role of assessment is to diagnose learners‟ 

learning needs in relation to the teaching and learning environment, to customize 

teaching according to the needs of the specific group of learners, to focus lessons, to 
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monitor the learning progress over time and assess the effectiveness of the process of 

teaching. On this regard, Bennett (2003) contends that, learning involves developing, 

modifying and sometimes rejecting existing ideas. Therefore, in order to improve 

teaching, we have to continuously analyse students‟ experiences of learning; and the 

best methods to teach can only be derived from the problems of learning encountered 

by students (Ramsden, 2003). Through tests, teachers discover learners‟ prior 

conceptions and misconceptions and therefore tailor their teaching accordingly. 

Carlgren (2012) reframes LS as clinical research for teachers‟ professional tasks in 

relation to learning.  Westwood (2008) contends that, tests are effective:- they are 

used formatively to identify what the pupils can and cannot do during the course of 

study;   when they are used to identify learning difficulties or misconceptions;  when 

they are well linked to the objectives and content of the curriculum pupils are 

following; and when  the results  of the tests reveal concepts or skills needing to be 

revised or taught again. 

 

5.6 The Learning Study and School Development 

Teachers were happy that the study could make them work together and discuss the 

challenges of teaching and learning, and share skills together. The study also helped 

teachers to plan and focus more the lesson on the learning needs of the pupils with 

respect to the learning object and critical objects. In addition, the study managed to 

decrease even the social distance among teachers, an aspect which increased 

cooperation among them. The study also helped teachers to improve their selection 

and use of teaching and learning resources. As a result, the study helped teachers 

improve their creativity in using cheaply available materials as teaching and learning 

aids. Thus, it can be concluded that, the study enhanced school development.  
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According to Holly and Southworth (1989), school development involves bringing 

out the full potential of the school as an organization, which entails bringing it to a 

more advanced and highly organized state through successive stages – a spiral of 

growth. The development of a school in relation to the relevance and quality of 

learning can be achieved through classroom practice when teachers encounter with a 

variety of learners and various day-to-day challenges (Dalin, 1998). On the other 

hand, the quality of a school increases when well- informed, well-educated and 

experienced teachers draw on theory and practice to reflect on the dilemmas of 

teaching (Dalin, 1998). A school can be said to have a development culture when it 

possesses an organic and cyclical approach which rests on various development 

processes; a repertoire of techniques and strategies which can be skilfully and 

artfully utilized to mobilize the processes; and the ability on the part of the staff to 

work together in collaboration in order to promote development (Holly & 

Southworth, 1989). 

 

5.7 Learning Study and School-University Partnerships 

The model in the study also represented partnership where the primary school 

science teachers had been working with university educators (the researcher and 

curriculum design experts working in the science education department). The 

researcher‟s interest was research; the teachers‟ interest was professional growth; and 

the pupils‟ interest was learning.  Carlgren (2012) suggests that, LS can be used as a 

tool for teachers‟ professional growth, educational research and pupil learning. 

According to Carlgren (2012), the research aspect is indicated by researchers being 

involved, comparing effects in terms of pre- and post-test differences, and by 

grounding the design of the research lesson in a learning theory. Practitioner teachers 

are included in the research as interpretative professionals making professional sense 
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of particular educational events (Carlgren, 2012). In roles, students are subjects; 

hence, they are at the focal point. While teachers‟ professional growth and student 

learning take place in the school context, researches and learning theories are 

developed in the university context.  

 

Bulterman-Bos (2008) presents learning study as an alternative to the detached and 

disengaged research practice which overcomes the gap between research in 

universities and the practice of teaching in schools. It is further argued that, if 

educational research is carried out in schools by researchers who are also educators, 

the researchers will be engaged in the research objects and research will be more 

relevant to practice (Bulterman-Bos, 2008). 

 

Therefore, LS is a model which also represents university-school partnerships, 

as Hudson, English, Dawes and Macri (2012) contend: “University community 

partnerships involve motivating potential stakeholders, promoting 

collaboration and team effort, communicating clear commitments to 

educational development, and distributing leadership.”  (Hudson, English, 

Dawes and Macri, 2012, p. 773). 

 

Butterworth (2007) suggests that, school-university partnership can involve three 

main activities: pre-service teachers‟ education, in-service professional development 

and consultancy. The pre-service teacher education role is prevalent. There is a need 

of emphasizing the professional development and consultancy roles as a sustainable 

culture linking schools and universities. The researcher concurs with Butterworth‟s 

(2007) idea which emphasizes that the partnership should be in the form of 

collaboration between partners rather than the authoritative one. Similarly, 
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Handscomb, Gu & Varley (2014) suggest that, universities may work with schools 

on continuing professional development and consultancy.  However, teachers in 

schools teaching similar subjects must be made to cooperate before while school-

university partnership is being established.  

 
5.8 Effectiveness of the Developed Curriculum Materials  

Effectiveness of the developed curriculum materials is reflected by changes in the 

pupils‟ ways of understanding of matter in the subsequent cycles of the learning 

study together with teachers‟ perceptions about their outcomes. Therefore, 

effectiveness was identified through achievement tests, lesson observations and 

teachers‟ reflection discussions.  The paired samples t-test for the first, second and 

third research lessons at both Mnadani and Kaloleni primary schools showed an 

increase of the mean scores from pre-test to the post-test with very large effect size in 

all the subsequent cycles, indicating that the developed curriculum materials were 

effective in reinforcing the learning of science about matter. 

 
Independent samples t-test between groups one and two for the first, second and third 

research post-tests came up with the following results: There was a significant 

difference in the post-test mean scores between groups one and two, at Mnadani and 

at Kaloleni respectively. However, in both cases, the magnitude of the differences in 

the means was very small. This shows that our improvement of the lesson had 

effected improvements in pupils‟ understanding in the second cycle to group two 

though to a lesser extent. However, for research test II (post-test) at Mnadani and 

Kaloleni, independent samples t-tests showed no significant difference in the post- 

test mean scores between groups one and two. This shows that our improvement of 

the lesson materials encouraged no changes in the pupils‟ understanding in the 
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second lesson presentation to group two. This implies that, cycle one of the lesson 

was as effective as cycle two of the lesson two.  

 

Independent samples t-tests for research test III showed significant difference in the 

post-test mean scores between groups one and two, for Mnadani and Kaloleni. Our 

improvement of the lesson had effected significant increase in pupils‟ understanding 

in the second cycle to group two, but with a small effect size at Mnadani and 

moderately large effect size at Kaloleni, thus showing that cycle two for lesson three 

was more effective at Kaloleni than it was at Mnadani.  

 
The findings also revealed that, the curriculum materials were most successful at 

Mnadani primary school with respect to all the three cycles. The difference between 

Kaloleni and Mnadani in the first cycle was 10.6%, second cycle 14.1% and in the 

third cycle 19.3%. This shows that the post performance gap between Mnadani and 

Kaloleni was bigger for the third cycle. This finding may lead to two conclusions: 

firstly, learning study works better when each cycle is taken up by the same teacher, 

rather than exchanging the sub-cycles; and secondly, learning study works better 

when lesson planning involves not only the lesson development stages but also the 

lesson notes. 

 

Teachers‟ perceptions about the effectiveness of curriculum materials development 

were that materials could effect better learning for pupils. Using home found 

materials in the school could motivate pupils and relate knowledge they get with real 

life experiences. Moreover, the use of LO, CAs and variation theory provided a 

clearer content to be dealt with.  Furthermore, involvement of pupils in learning 

activities increased their knowledge retention. With respect to teacher learning, the 
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teachers had perception that curriculum materials development through learning 

study could enhance their professional growth through cooperative sharing of 

knowledge and skills, improvisation of teaching and learning aids, and qualitative 

analysis of tests to probe pupils‟ understanding prior to new learning.  

 

5.9 Conclusions from the Discussion  

Generally, the curriculum materials developed helped to confront pupils ‟ content 

related learning difficulties. These findings align with those of Msonde (2012) who 

observed that learning study guided by the variation theory increases possibilities for 

pupil learning and enhances teachers‟ professional development. As teachers 

increase their understanding of the learning study and the use of variation theory, 

they advance their understanding in designing and teaching learner centred lessons 

(Msonde, 2012).  

 
However, this study concurs with Pang and Ling (2011) who admit that, research 

lessons developed through learning studies are not extraordinary, or that learning 

studies are generally superior to other classroom teaching methods normally adopted 

by teachers. The process of developing curriculum materials through learning study 

ensures relevance of the materials to the content (Pedagogical-Content-Knowledge) 

being taught, and to the needs of the pupils. In addition, the use of variation theory 

provides an additional alternative to theoretical components which open up new 

routes to improving student learning outcomes. In addition, learning study provides a 

culture of continuous professional growth relevant to the needs of the learners.  
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CHAPTER SIX 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 

This chapter summarizes the findings and provides conclusions of the study. It also 

presents recommendations for policy and practice, and explores areas for further 

researches in relation to this study. 

 

 6.1 Summary of the Study Findings 

This study intended to develop exemplary curriculum materials in primary science in 

the topic of „Matter and its Change of State‟. The study used a learning study model 

as an adoptive evolutionary approach to explore characteristics of effective 

curriculum materials that addressed pupils‟ science learning difficulties in the topic 

of Matter.  It employed Leaning Study Model which uses Variation Theory and 

Conceptual Change Model as frameworks for organising learning experiences to 

address pupils‟ content related science learning difficulties about Matter and Change 

of State. Teaching in the study involved conceptual change through creating 

variations which exposed the critical features among the learning objects.  

 

6.2 Conclusions from the Study 

The content related learning difficulties found out include defining matter in terms of 

its states, illustrating the properties of the states of matter, illustrating actions which 

may lead to physical and chemical changes of matter, and distinguishing the 

properties of physical and chemical changes of matter.  

 
The second task was to investigate the ways with which the developed teaching and 

learning materials could address content related learning difficulties to enhance 

teaching and learning about matter. Generally, the material reflected the Learning 
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Study Model which makes use of variation theory together with the Conceptual 

Change Model. The materials emphasize conceptual change through creating 

variations in the aspects of the learning objects.  

 
The findings from observations and reflections of the research lessons show that the 

following important features of the curriculum materials enhanced effective learning 

about matter to the children: Matter has properties such as colour, texture, shape, size 

(volume), mass, flowing, spreading, state, etc. The Variation Theory calls for 

separating critical aspects from the non-critical ones for discerning the LO. This 

study explored: the critical properties for defining matter with reference to liquid, 

solid and gas states; the properties which distinguish the states of matter; and the 

change of these properties when matter changes physically and chemically.  

 
Initially, learning involved eliciting the alternative conceptions the children had prior 

to the new learning in order to create links between the new lesson and children‟s 

experiences. Thus, the lessons involved regular feedback and checking of the 

reasoning pupils were using so that teaching and learning activities could be adjusted 

accordingly.  Furthermore, the lessons involved comparing the pupils‟ views of the 

concepts involved and the accepted science points of view, and structure the lesson 

experiences to bridge the gap. Similarly, Scott, Asoko, Driver and Emberton (1994) 

argue that, for any instructional strategy adopted under constructivist approach, 

teaching of science should aim at bridging the gap between the learners‟ existing 

conceptions and the science views. The gap is considered as the intellectual demand.  

 
Then, the teachers worked collegially to discuss the challenges (pupils‟ learning 

difficulties and misconceptions); and finally, the content was structured to meet the 

pupils‟ learning needs in terms of the objects of learning and critical aspects.  
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Moreover, practical tasks, concept maps, discussions and demonstrations were used 

with probing questions to make pupils confront their misconceptions and learning 

difficulties. Hence, children were provided with opportunities to express their own 

ideas, use and investigate them. In addition, the study made use of commonly and 

cheaply available materials as teaching resources in the research lessons; hence, 

improvisation was part and parcel of the study.  

  

The one-way repeated measures ANOVA for the first, second and third research 

lessons at Mnadani and Kaloleni primary schools showed a significant increase of 

the mean scores from pre-test to the post-test with very large effect size, indicating 

that the lesson had been very effective to reinforce the learning of science about 

matter. At Mnadani, the most successful cycle was the first research cycle, followed 

by the third research cycle; while at Kaloleni, the most successful cycle was the third 

research cycle, followed by the first research cycle.  

 

The analysis of variance (ANOVA) between groups  one and two for the first, second 

and third research post-tests came up with the following results:  There was a  

significant difference in the post-test mean scores between groups one and two, at 

Mnadani and at Kaloleni respectively. However, in both cases, the magnitude of the 

differences in the means was very small. This shows that our improvement of the 

lesson had effected improvements in pupils‟ understanding in the second cycle to 

group two, though to a lesser extent. However, for research test II (post-test) at 

Mnadani and Kaloleni, The ANOVA showed no significant difference in the post- 

test mean scores between groups one and two.  
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This shows that our improvement of the lesson materials had effected no changes in 

pupils‟ understanding in the second lesson presentation to group two. This may 

imply that cycle one of the lesson was as effective as cycle two of lesson two. The 

ANOVA between groups for research test III showed a significant difference in the 

post-test mean scores between groups one and two, for Mnadani and Kaloleni. Our 

improvement of the lesson effected significant increase in pupils‟ understanding in 

the second cycle to group two but with a small effect size at Mnadani and moderately 

large effect size at Kaloleni, showing that cycle two for lesson three was more 

effective at Kaloleni. 

 
The effectiveness of curriculum materials was reflected in relation to pupils‟ learning 

and teachers‟ professional growth. To a large extent, the pupils understood well the 

lesson as this could be drawn from the assessment and evaluation stage of the 

lessons. Also, effectiveness is reflected in the professional development for teachers.  

The teachers learned how to make pupils confront their learning difficulties and 

misconceptions through creating differences (variations). The teachers gained new 

teaching skills through discussion with fellow teachers and observing fellow teachers 

presenting the lessons. The study also promoted among the teachers, skills for 

improvisation and use of teaching aids from the local environment.  

 

The primary school science teachers from the two schools considered three topics as 

challenging: (i) The Scientific Methods and Principles (ii) Change of State (iii) 

Energy, Machines and Work. Also, the findings show that, before the intervention, 

the pupils were: facing difficulty in defining matter in terms of mass and volume as 

applied to solids, liquids and gases; unable to discern that all things around them 

were matter; facing difficulty in classifying matter into its three states; unable to 
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deduce the states of matter of things from their day-to-day uses; facing difficulty in 

illustrating and explaining the properties of solids, liquids and gases; facing more 

difficulty in identifying the properties of gases than the properties of solids; unable to 

explain the properties of the three states of matter basing on its particulate nature; 

and above all, the pupils were unable to distinguish, bring about and explain the 

physical and chemical changes of matter. Nevertheless, it was learnt that, it was 

easier for the pupils to identify the properties of liquids perhaps because they can be 

observed more clearly than those of invisible gas and non-moving solid.  

 
However, after the intervention, the Learning Study Model (LSM) and the 

Conceptual Change Model (CCM) appeared to have worked effectively in addressing 

the pupils‟ content related learning difficulties and misconceptions. The learning 

difficulties and misconceptions were identified prior to the intervention. Then, the 

objects of learning and critical aspects were established; and finally, the pupils were 

made to confront their learning difficulties and misconceptions through questions 

and answers, discussions, concept mapping, practical tasks and use of thought- 

provoking examples. Consequently, the one-way repeated measures ANOVA for  the 

first, second and third research lessons at both Mnadani and Kaloleni primary 

schools showed an increase of mean scores from pre-test to the post-test with very 

large effect size in all the subsequent cycles, indicating that the lessons were very 

effective in reinforcing the learning of science about matter.  

 
The ANOVA between groups one and two for the first, second and third research 

post-tests came up with the following results:  There was a significant difference in 

the post-test mean scores between groups one and two, at Mnadani and at Kaloleni 

respectively. However, in both cases, the magnitude of the differences in the means 
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was very small. This shows that our improvement of the lesson had effected 

improvements in pupils‟ understanding in the second cycle to group two, though to a 

lesser extent. However, for research test II (post-test) at Mnadani and Kaloleni, 

ANOVA showed no significant difference in the post-test mean scores between 

groups one and two. This shows that our improvement of the lesson materials  

encouraged no changes in the pupils‟ understanding in the second lesson presentation 

to group two. This implies that cycle one of the lesson was as effective as cycle two 

of lesson two.  

 
Independent samples t-tests for research test III showed a significant difference in the 

post-test mean scores between groups one and two, for Mnadani and Kaloleni. Our 

improvement of the lesson effected significant increase in the pupils‟ understanding 

in the second cycle to group two but with a small effect size at Mnadani and 

moderately large effect size at Kaloleni, thus showing that cycle two for lesson three 

was more effective at Kaloleni than it was at Mnadani.  

 
6.3 Recommendations 

6.3.1 Recommendations for Practices 

The findings show that, three topics from Primary Schools Science Syllabus 

(Standard VI) were considered by science teachers as challenging: (i) The Scientific 

Methods and Principles (ii) Change of State (iii) Energy, Machines and Work.  The 

findings also show that, before the intervention, the pupils were facing difficulty in: 

defining matter in terms of mass and volume as applied to solids, liquids and gases; 

classifying matter into its three states; illustrating and explaining the properties of 

solids, liquids and gases; and above all, the pupils had difficulty in distinguishing, 

bringing about and explaining the physical and chemical changes of matter. 
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Therefore, science teachers are advised to conduct school-based learning study 

within their schools so as to deal with these areas. 

 

Moreover, instead of identifying only the topics or sub-topics to teach, teachers need 

also to spot what the pupils need to learn, and what ability they need to develop right 

now. In addition, the findings from this study show that, teaching for conceptual 

change through creating variations   has a great potential for dealing with the content 

related learning difficulties in science. Teachers are advised to create variations in 

particular aspects of the given learning objects, in order to separate the critical 

aspects from the non-critical ones. From this study, it has been observed that learning 

study continuously develops the quality of teaching and learning practices in primary 

schools. 

 

In this study tests were effectively used as method for exploring students‟ learning. 

Thus, tests may be used by teachers to monitor pupils‟ learning progression, and take 

the pupils‟ current status of learning and their content related learning difficulties as 

the point of departure for future learning. Therefore, tests may be used mostly to 

diagnose students‟ learning difficulties, the practice uncommon among primary 

school teachers in Tanzania, as they focus more on statistics of the examination 

results. 

 
In addition, the primary school science teachers may adapt the curriculum materials 

developed in this study in their classrooms. The materials fit more for the Tanzanian 

Primary School Science Syllabus, particularly standard VI; or may be adapted by 

teachers teaching basic science with similar content areas. Through learning study, 

teachers share their experiences of practical knowledge and disseminate the findings 
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of pedagogical content knowledge. In Tanzania, nowadays, there is an external 

pressure from the public for school improvement on the quality of learning.   

 

Furthermore, the learning study may be integrated into the school teaching practices 

and culture. Teachers teaching the same subjects can join up to conduct learning 

study for some challenging content areas. The school should be a place of learning 

where teachers and pupils learn continually. As teachers will be reflecting on pupils‟ 

learning problems, they may come up with more focused techniques and strategies 

which can be  utilized or adapted by other teachers in their context. They may also 

involve university departments dealing with the same specialisations forming a 

learning community aimed at improving teaching and learning, which is in line with 

school development.  

 
The findings from research lessons, reflection meetings with teachers and related 

literature show the following important features for effective learning of science: 

Science teachers need to work together and discuss the challenges of teaching and 

learning, and sharing skills in dealing with difficult topics and pupils‟ learning 

problems.  Through the use of variation theory as a pedagogical design,  teaching can 

be considered as a process of creating variations in relevant dimensions of objects 

and events to enable learners discern the critical aspects for understanding the LO in 

a particular way. Therefore, teachers can use the variation theory to design, develop 

and analyse lessons for continuous growth. In this world of knowledge explosion, 

content selection through exploration of the LOs and formulation of the CAs to focus 

on learning is important. Therefore, lesson plans may involve learning object and 

critical aspects. While doing this, the curriculum content can be modified to attract 

children‟s interest.  
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Teachers need to elicit the alternative conceptions the children have prior to the new 

learning. Then, the lessons may be organized in consideration of pupils‟ 

preconceptions through pre-test, interviews and during lesson development stages. 

Links have to be made to children‟s experiences to associate the learning with 

children‟s context. Teachers may provide first-hand experiences for children to 

explore through practical tasks and through the use of local (common) materials. At 

this point, educational administrators should encourage teachers to acquire and use 

local resources in teaching.  

 

The choices made by teachers in relation to teaching strategies are context bound. 

These depend very much on the school environment including infrastructure, 

availability of teaching and learning materials, teachers‟ qualifications and attitudes, 

school culture, and the support provided by the management and higher authorities. 

Therefore, the schools‟ management should work towards providing conducive 

teaching and learning environment to enable teachers deal with the pupils‟ content 

related learning difficulties. For instance, the school timetable can be scheduled to 

allow some time for science teachers to collaborate. Moreover, the school 

management may divide units (departments) basing on subject specializations to 

enable teachers discuss pupils‟ content related learning difficulties in the given 

subject through scheduled meetings. 

 

Finally, the universities may work with schools in learning study for continuing 

professional development.  Teachers in a school or schools teaching the same subject 

may be made to cooperate before, while school-university partnership is being 

established. 
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6.3.2   Recommendations for Further Research 

The primary school science teachers from the two schools considered three topics as 

challenging: (i) The Scientific Methods and Principles (ii) Change of State (iii) 

Energy, Machines and Work. Therefore, this research suggests that other learning 

studies need to be conducted in primary science on these two topics: The Scientific 

Methods and Principles; and Energy, Machines and Work.  In the topic “Matter and 

its States”, the study managed to deal with the following sub-topics: Meaning of 

Matter, States of Matter, Structure of Matter and the Changes of Matter. However, it 

did not cover all the content as indicated by the syllabus – it did not deal with the 

sub-topics of Elements, Compounds and Mixtures, which are concerned with the 

chemical properties and changes (reactions) of matter. Therefore, more learning 

study may be conducted to involve these sub-topics to develop more pedagogical-

content-knowledge to be adapted in primary science classrooms. This 

recommendation aligns with that of Msonde (2011) who suggests that teachers 

should deal with difficult topics that seem to challenge them and their students. 

While doing this, they will also develop skills in dealing with other topics.  

 

The general conclusion drawn from this study is that further research should be 

conducted using conceptual change and learning study models to develop materials 

focusing on specific science content. Both, the research and the materials, may help 

teachers develop pedagogical-content-knowledge to actively engage pupils with 

relevant tasks within their working context.  In addition, the curriculum materials 

developed in this study may be tested in other primary schools, for pupils with the 

same level of schooling, requiring them to study the same content areas.  
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APPENDICES 

Appendix IA 

Baseline Study 

Interview Guide for Science Teachers 

 

Opportunities and Threats with LS as a Method for School Development  

Work  in the Given School 

 
School name…………………………………….. 

 
1.  Teachers’ Characteristics  

(i) Sex:  Male   (  ) Female   (    ) 
(ii) How many years have you been teaching science? 

(iii) How much time do you have for teaching science per week? 

(iv) Which class do you mostly teach?  
(v) What is your highest qualification level in science? 

(vi) What challenges do you face as a science teacher in this school?  

 
2. In-Service Training for Science Teachers 

(i) Have you been involved in any in-service training like seminars or 
workshops? If yes: 
       How often?  

(ii)  Who conducted them? 
(iii)  What were the areas of focus? Content or pedagogy?  

(iv)  How useful have been the in-service trainings you have been involved in? 
 

3. School Factors 

(i) Do you perceive your school as urban or rural? 
(ii) Describe your school – is there something that distinguishes your school from 

other schools?  
(iii) What are the pupils‟ main challenges in this school? 
(iv) What is school development work according to your perception?  

(v)What is the single most important school development work at your school?  
 

4. Pupils’ Learning Problems 

(i) What do you think are the main science content-related learning difficulties 
facing primary pupils in your science teaching? 

(ii) What are the causes of the difficulties experienced by pupils in learning 
science? 

(iii) In what ways do you identify pupils‟ learning difficulties? 
(iv)  How can primary science be improved so that children are best supported to 
develop the sorts of skills that will help them become active and informed 

citizens? 
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Appendix I B 

BASELINE STUDY 

 
Interview Guide for Head Teachers 

 
1. When was your school established?  What is its registrations number? Was 

there any motive which led to its establishment? 

2. Describe the status of infrastructure within the school:  Buildings, laboratory, 

furniture, science kit, books and other learning facilities. 

3. How many teachers are there in your school?   How many teachers teach 

Science? 

4. How many pupils are there in the school?  Give their number class-wise and 

stream-wise.  

5. How can you describe the Primary School Leaving Examinations (PSLE) 

performance rate in your school?  (Describe it for the past five years).  
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Appendix II 

 

Pilot Study – Research Test  

 

THE UNIVERSITY OF DODOMA 

 

KALOLENI PRIMARY SCHOOL 

Learning Study –Pilot Test 

 

Science Standard VI Test, February 2014 

 

Time: 30 Minutes 

 

Instructions:- 

i. This paper consists of parts A and B. 

ii. This paper consists of five questions.  
iii. Answer each question as instructed.  

 

Part A: Choose the correct answer and write it in the bracket provided.  
      1.  Which among the following is matter?    

      (a) stone        (b) water     (c) pencil      (d) air    (e) all.       (      ) 
 

   Part B: Answer the following questions:- 

2. Matter exists in three states: solid, liquid and gas. Sort out the following objects 
into the three states of matter: Milk, tea, stone, salt, oxygen, perfume and soft 
porridge.  

Liquids   ............................. , ………………….,  ………………  
Solids ……...,…………, ………………………… , ..…………….. 

Gases     ………………….., ………………………., ……………… 
3. Water can exist in the three states of matter, liquid, solid and gas.  Mention the 

three states of water. ……………………, ……………………….and 

………………………………. 
4. State any aspect which distinguishes the three states of matter.  

………………………………………………………………………… 
5. The smallest particle of matter is called………………………………  

 

 



194 

Appendix IIIA 

Research Test I Mnadani Primary School 

 

Pupil‟s Name: ……………………………………….. 

Sex:   F (      )     M  (   )    Put a tick () in the  bracket in front of your appropriate 

sex. 

Group:      I (   )     II (   )   Put a tick () in the bracket in front of your appropriate 

group. .  
 

THE UNIVERSITY OF DODOMA 

MNADANI PRIMARY SCHOOL 

TEST–SCIENCE STANDARD VI,  2016 

 

Time: 20 Minutes 

 

Instructions:- 

iv. This paper consists of five (5) questions.  
v. Answer each question in accordance with the instructions given. 

 

Questions: 

1. What is matter? ………………………………………………………………… 

………………………………………………………………………................... 

2. Put a tick () in a box in front of things you think are matter and put a cross (×)  

in front of things you consider non-matter. 
 

NA KITU /× 

a candle  

b stone  

c kerosene  

d Soft-porridge  

e carbon dioxide  

f Human-being  

g sand  

 

3. In how many states does matter exist? …………… Mention the states: 

…………………………………………………………………………………...
………… …………………………………………………….......................... 
 

4.  Give two examples in each state of matter.  

State of Matter Two Examples 

  

  

  

  

5. (a) In which state of matter is ice? ……………………………….. 
(b) In which state of matter is water? …………………………….. 

(c) In which state of matter is steam? …………………………….. 
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Appendix IIIB 

Research Test I Kaloleni Primary School 

 

Pupil‟s Name: ……………………………………….. 

Sex:   Girl (     )     Boy (     )  Put a tick () in appropriate bracket. 

Group:     I(   ) II(    ) Put a tick () in appropriate bracket. 
 

THE UNIVERSITY OF DODOMA 

KALOLENI PRIMARY SCHOOL 

Science Standard VI Test 1, November 2015 

 

Time: 30 Minutes 

 

Instructions:- 

vi. This paper consists of six (6) questions.  
vii. Answer all questions as instructed.  

 
Questions  

1. What is matter? ………………………………………………………....... 

……………………………………………………………………………. 

2. Put a tick  ()  in appropriate cell in front of things you perceive as matter 

and a cross (×)  in a cell in front of things you perceive non-matter 

 

NO. Object /× 

a Water  

b Wheat flour  

c Candle  

d Stone  

e Kerosene  

f Soft porridge  

g Sand  

h Naill  

i Carbon dioxide  

j Biogas  

k Tree  

l Lizard  

3.  Mention three uses of things in a gaseous state: 

 ……………………………………………………… 

  ……………………………………………………… 

 ……………………………………………………… 

4. Matter exists in three states: solid, liquid, and gas. Sort out the following 

things according to the states of matter. Write in the table provided: 
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Wheat flour, candle, nails, oxygen, sugar, water, bread, meat, kerosene, soda, 

hydrogen, cooking oil,  paper, biogas, ink, tea, perfume, urine, air. 

 

Liquids Solids Gases 

 
 

  

 
 

5.  Identify the state of matter for each of the following objects: 

 

 Object State of Matter 

i Petrol  

ii Stiff porridge  

iii Tree  

iv Soup  

v bottle  

vi Biogas  

vii Iron  

viii Carbon dioxide  

6. Water can exist in the three states of matter, namely, liquid, solid and 

gas. Mention the names of the three states of water.  

(a) Water in the solid state is called……………………………… 

(b) Water in the gaseous state is called …………………………… 

(c)  Water in liquid state is called…………. ……………………… 
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APPENDIX IV 

Research Test II 

Pupil’s Name: ……………………………………….. 

Sex:   Girl (     )     Boy (     )  Put a tick () in appropriate bracket. 

Group:     I (   )          II(    ) Put a tick () in appropriate bracket. 

 
THE UNIVERSITY OF DODOMA  

MNADANI & KALOLENI PRIMARY SCHOOLS 

Science Standard VI, Test II 2016 

 

Time: 30 Minutes 

 

Instructions:- 

viii. This paper is composed of three (3) questions. 

ix. Answer all questions as instructed.  
 

Questions  

6. Write the appropriate state of matter (solid, liquid, or gas)  with the 

following properties: 

 

S.No Property State of Matter 

i. Its particles are furthest apart  

ii. Its particles are  held tightly together  

iii. It will fill all the space inside a container  

iv. Has definite volume with no definite shape  

v Has high ability to flow  

vi Spreads easily  

vii Has a definite shape and volume  

viii Has neither definite size nor shape 

 

 

 

7. (a)  State two uses of things in a gaseous state 

 ……………………………………………………… 

  ……………………………………………………… 

(b) State two uses of things in liquid state 

  …………………………………………………………… 

 …………………………………………………………… 

(c) State two uses of things in a solid state 

 …………………………………………………………… 

  …………………………………………………………… 
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8. State of matter depends on the compactness of its particles. The 

following concept maps represent the particles of different states of 

matter.  Mention the state of matter represented by each concept map.  

 

 

(a) ……………………………………….. 

 

 
                   (b)…………………………………………. 

 

(c ) …………………………………….. 

 



199 

Appendix V 

Research Test III 

 

Pupil’s Name: ……………………………………….. 

Sex:   Girl (     )     Boy (     )  Put a tick () in appropriate bracket. 

Group:     I (   )          II(    ) Put a tick () in appropriate bracket. 

 

THE UNIVERSITY OF DODOMA  

MNADANI & KALOLENI PRIMARY SCHOOLS  

Science Standard VI, Research Test III 2016 

 

Time: 20 Minutes 

 

Instructions:- 

x. This paper consists of three (3) questions.  
xi. Answer all questions according to the instructions given for each 

question. 
 
Questions   

1. Identify the type of change (chemical or physical) in each of the following 

properties: 

 Property of the Change Type of the Change of Matter 

i. The change is permanent  

ii. A new substance is formed  

iii. No new substance formed  

iv. The change can be reversed  

v. No change in mass  

vi. The properties of the products formed 

are different from the original ones 

 

2. (a)  Mention three actions which might cause chemical change of matter.  

(i) ……………………………………………… 

(ii) ……………………………………………….. 

(iii) …………………………………………………    

        (b)  Mention three actions which might cause physical change of matter.  

(i) …………………………………………………….. 

(ii)  …………………………………………………….. 

(iii) …………………………………………………….. 

 

3.  Identify the type of change  (physical or chemical) in the given examples. 

 Example for Change of Matter Type of Change of Matter 

i. Stretching a rubber band  

ii. Rusting of iron  

iii. Ripening of fruits  

iv. Evaporation  

v. Melting of a  lit candle  

vi. Food fermentation  

vii. Burning of firewood  
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Appendix VIA 

Plan for Research Lesson I –Mnadani Primary School 

THE UNIVERSITY OF DODOMA 

MNADANI PRIMARY SCHOOL – 1ST LESSON PLAN 

Competence:  To classify the states of matter in the local environment.  
General Objective: To understand the states of matter.  
TOPIC: MATTER  

Subtopic: Matter and its States. 
Specific Objectives:  Within a period of 40 minutes, pupils should be able to: 

 Define  matter in terms of mass and volume; 

 Classify things around in the three states of matter: solid, liquid 

and gas; and 

  Perform experiments illustrating relationships between structure 

and the states of matter.  

 
Learning Object:  To describe matter in terms of its states. 

Critical Aspects for Learning: 
i. To describe meaning of matter in terms of mass and volume as applied to the 

three states of matter. 

ii.  To identify everything surrounding the environment, including human-

beings as matter. 

iii.  To describe the macro-properties of the states of matter.  

iv.  To discern that an object can exist in any of the three states depending on 

temperature conditions. 

v.  To describe existence of matter in an invisible form.  

vi.   To identify gases separate from their holding containers.  

 

Teaching / Learning  Aids: Ice cream, water, perfume, pieces of chalk, kerosene,  
cooking oil, pieces of paper, balloons, sugar, stones, wheat flour, salt,  rubber ,  

coins, nails, steam, bicycle tube, pieces of wood, a ball and candle.  
 
Teaching / Learning Strategies: Questions and Answers, Practical works, 

discussion and brainstorming. 
References: 

 Mture Educational Publishers (2010).Sayansi kwa vitendo; Kitabu cha 

mwanafunzi 6. Dar es Salaam: Mture Educational Publishers; 

 Kilama, H. &  Kalugula, C. (2010). Sayansi shule za msingi. Dar es 

Salaam: Oxford University Press; and 

 Sibuga, K.K.  & Munisi, S.A. (2010). Tujifunze sayansi: Darasa la 6. 

Educational Books Publishers. 
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LESSON DEVELOPMENT  

Lesson Stages Time  Teaching 

Activities 

Learning Activities Assessment 

Activities 

Introduction  
05Minutes 

Brainstorming  
pupils on the 

meaning of 
matter. 

Answer questions 
individually.  

To check 
pupils‟ 

answers on 
the meaning 
of matter. 

Knew 

Knowledge 

15 
Minutes 

Through 
lecture, 
demonstration, 

and questioning 
illustrate the 

meaning of 
matter and its 
states. 

Listen, observe and 
answer related 
questions on the 

meaning and states 
of matter. 

Observe if 
pupils are 
able to 

define 
matter and 

its states. 

Competence 

Reinforcement  

05  

Minutes 

Show objects 

representing 
matter and its 

states and ask 
questions to the 
pupils. 

Observe objects 

representing matter 
and answer related 

questions. 

Listen to the 

pupils‟ 
answers. 

Reflection 10 

Minutes 

Administer the 

exercise. 

Do written exercise. Marking the 

exercise. 

Consolidation 05 
Minutes 

Summarising 
the lesson. 

 

Listen. Observe if 
pupils are 

noting 
important 
points 

correctly. 

 
LESSON IMPROVEMENTS 

1. There was less emphasis put to show that matter includes all things in the 

world. More emphasis to be developed in the 2nd cycle. 

2. A need to illustrate involving more practical activities  to show that matter 

occupies space: 

  Showing how a desk occupies space in a classroom.  

 Pupils perform role play occupying space on a desk.  

 Pouring water into a glass.   

 Blowing air into balloons and observing air occupying space. 

3.  In the reinforcement stage, in groups of 8, pupils should sort out things into 

three states of matter. 

 
 

Appendix VIB 

Plan for Research Lesson I – Kaloleni Primary School 
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KALOLENI PRIMARY SCHOOL 

SCIENCE STANDARD VI – 2ND RESEARCH LESSON PLAN 2015/2016  

1. COMPETENCE: To explore the properties of matter.  

3. General Objective: To understand the properties of matter. 

4. Topic: Matter and its States 

5. Sub-topic:  The Properties of the States of Matter.  

6. Specific Objectives: A pupil should be able to distinguish the properties of the 

states of matter. 

. 

7.   LEARNING OBJECT:  Illustrate the properties of the states of matter. 

 

8.  CRITICAL ASPECTS: 

o To illustrate that matter is made of particles.  

o  To discern that the states of matter differ mainly due to density and 

arrangement of its particles.  

o To illustrate differences among the states of matter.  

 

9. Teaching / Learning Aids:   pieces of chalk, pieces of bricks, perfume and  

balloons.  

10.   References: 

 Mture Educational Publishers (2010).Sayansi kwa vitendo; Kitabu cha 

mwanafunzi 6. Dar es Salaam: Mture Educational Publishers; 

 Kilama, H. &  Kalugula, C. (2010). Sayansi shule za msingi. Dar es 

Salaam: Oxford University Press; and 

 Sibuga, K.K.  & Munisi, S.A. (2010). Tujifunze sayansi: Darasa la 6.  

Educational Books Publishers. 

  

11. Teaching / Learning Strategies: Questions and answers, plenary discussion,  

demonstration, group discussion and games. 
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12. LESSON DEVELOPMENT 

Lesson Stage Teaching Activities Learning Activities Assessment 

Activities 

Introduction  

(5 Minutes) 

Asking pupils  
questions about matter 
and its states. 

Answer questions 
about matter and its 
states. 

Listen to answers 
given by the 
pupils. 

New 

Knowledge  

(10 Minutes) 

Guide pupils to 

discuss about the 
properties of the states 

of matter. Pupils  
should be directed to 
discern that: 

 Matter is made of 
particles. 

 The states of 
matter differ in 

properties. 

 The state of matter 

depends on 
compactness 
(density) and 

arrangement of its 
particles. 

Plenary discussion  

on the properties of 

the states of matter. 

Observe whether 

pupils discuss the 

properties of 

matter correctly. 

Knowledge 

Reinforcement  

(10 Minutes) 

Guiding the pupils in 

groups of 6 to list and 
demonstrate the 

properties of the states 
of matter. 

In groups of six to 

list and demonstrate 
the properties of the 

states of matter. 

Observe whether 

pupils list and 
illustrate the 

properties of 
matter correctly. 

Reflection  

(10 Minutes) 

Guide pupils from 
each group present the 
properties of matter 

and illustrate them as 
results of their 

discussion. 

 In each group, 
present the 
properties of matter 

and illustrate them 
as results of their 

discussion. 

Observe whether 

the pupils present 

and illustrate the 

properties of 

matter correctly. 

Consolidation  

(5 Minutes) 

Using cards with the 
properties of the states 
of matter guide the 

pupils to identify the 
properties o the states 

of matter in the 
provided cards.  

Individually, 
identify the 
properties of the 

states of matter 
written on the cards. 

Check whether the 

pupils identify the 

properties of the 

states of matter 

correctly. 

 

Improvement of the Lesson from Teachers’ Reflection 

 Some misconceptions were identified during the lesson that liquid fills the 
container in which it is contained instead of gas; and liquids have fixed 

volume and   definite shape. These misconceptions were to be corrected in 
the next lesson for the other group.  
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 Some more distinguishing properties such as rate of spreading and freedom of 
movement of the particles were to be emphasized. 

 It was observed that there was a need to give more attention to the properties 

of gases as the topic was found challenging to the group one pupils.  
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Appendix VIIA 

Plan for Research Lesson II Mnadani Primary School 

 

THE UNIVERSITY OF DODOMA  

MNADANI PRIMARY SCHOOL 

STANDARD SIX – SCIENCE 2ND RESEARCH LESSON PLANN 15/2016  

 
Competence:  To illustrate the differences in the states of matter.  
 

General Objective:  Understand the states of matter.  
 

TOPIC:MATTER AND ITS STATES  

Subtopic:  The Properties of the States of Matter.  
Specific Objectives: Within a period of 40 minutes, a pupil should be able to 

illustrate the properties of the states of matter using practical work and concept maps.  
 

References: 

 Mture Educational Publishers (2010).Sayansi kwa vitendo; Kitabu cha 

mwanafunzi 6. Dar es Salaam: Mture Educational Publishers; 

 Kilama, H. &  Kalugula, C. (2010). Sayansi shule za msingi. Dar es 

Salaam: Oxford University Press; and  

 Sibuga, K.K.  & Munisi, S.A. (2010). Tujifunze sayansi: Darasa la 6.  

Educational Books Publishers.  

 

Teaching / Learning Aids:    Pieces of brick, pieces of chalk, perfume,   glass, 
water, measuring cylinder, balloons, bottle  and  plate. 
Teaching / Learning Strategies:  Lecture, practical works, demonstrations, 

questions and answers,  and  group discussions. 
Learning Object:To illustrate the properties of the three  

states of matter. 
Critical Aspects: 

 Explaining the gas, liquid and solid states in terms of particles.  

 Discerning that the states of matter differ mainly due to the compactness of 

its particles. 

  Showing the differences of the properties of matter basing on shape, volume, 

flowing and spreading. 

 Identifying the states of matter by relating them to their real life applications. 

 

Lesson Stage Time  Teaching  

Activities 

Learning 

Activities 

Assessment 

Activities 

Introduction  05 

Minutes 

Review the 

previous lesson 
through 
questions and 

answers about: 
 

Answering 

questions orally, 
individually 

To listen whether 

pupils answer 
questions on 
matter and its 

states correctly. 
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Lesson Stage Time  Teaching  

Activities 

Learning 

Activities 

Assessment 

Activities 

 The meaning 
of matter. 

 States of 
matter. 

New 

Knowledge 

10 

minutes 

Guide pupils to 

describe the 
properties of the 
states of matter. 

 
Use a concept 

map to show the 
structure of 
matter to 

distinguish the 
states of matter 

basing on the 
density 
(compactness) of 

its particles. 

Individual  pupils 

to mention and 
describe the 
properties of the 

states of matter. 
 

 
To copy diagram 
of the concept 

map showing the 
arrangement of 

particles in solid, 
liquid and gas. 
 

Listen to the 

pupils‟ answers 
whether they 
state and describe 

the properties of 
matter correctly. 

 
Observe whether 
pupils draw the 

diagram 
distinctively. 

Knowledge 

Reinforcement 

10 
Minutes 

Guide pupils to 
illustrate the 

properties of 
matter. 
 

In groups of 6, 
perform 

experiments  to 
illustrate the 
properties of the 

states of matter 
using a piece of 

brick, chalk, 
water, bottle, 
balloon, etc. 

Observe whether 
pupils are 

illustrating the 
properties of 
matter correctly. 

Reflection 05 
Minutes 

 
Ask oral 
questions to 

review the whole 
lesson on the 

properties of 
matter.  

Identify the state 
of matter with 
each of the 

properties of the 
states of matter 

described by the 
teachers 

Check whether 
pupils are able to 
relate the 

properties of 
matter with an 

appropriate state 
of matter. 

Consolidation 05 
Minutes 

Summarise the 
lesson on the 

properties of the 
states of solids, 

liquids and 
gases. 
Write an exercise 

on the board as 
homework for 

pupils. 

Listen to the 
summary of the 

lesson and note 
important points. 

Write exercise 
questions for 
homework. 

Marking the 
home work. 
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Lesson Improvements for the 2nd Cycle 

1. During the new knowledge development stage:  The teachers should guide 

pupils to demonstrate the properties of the states of matter.  In the first cycle, 

the teacher did not guide the pupils to perform practical work to illustrate the 

properties of matter.  

2. In the 1st cycle, there was less emphasis put that matter is made of particles.  

In the subsequent cycle, the teacher should emphasize this point.  

3. In the communication skills for the 1st cycle, it was advised that, in the 2nd 

cycle, the teacher should improve communications skills, including adjusting 

the talking pace for clarity of the lesson.  
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Appendix VIIB 

Plan for Research Lesson II Kaloleni Primary School 

KALOLENI PRIMARY SCHOOL 

SCIENCE STANDARD VI – 2ND RESEARCH LESSON PLAN 2015/2016  

1. COMPETENCE: To explore the properties of matter.  

2. General Objective: To understand the properties of matter.  

3. Topic: Matter and its States 

4. Sub-topic:  The Properties of the States of Matter.  

5. Specific Objectives: A pupil should be able to distinguish the properties of the 

states of matter. 

. 

6.   LEARNING OBJECT:  Illustrate the properties of the states of matter.  

 

7.  CRITICAL ASPECTS: 

o Illustrating that matter is made of particles; 

o Discerning that the states of matter differ mainly due to density and 

arrangement of its particles; and  

o Illustrating  the differences among the states of matter.  

 

8. Teaching / Learning Aids:   Pieces of chalk, pieces of bricks, perfume and  

balloons.  

9.   References: 

 Mture Educational Publishers (2010).Sayansi kwa vitendo; Kitabu cha 

mwanafunzi 6. Dar es Salaam: Mture Educational Publishers; 

 Kilama, H. &  Kalugula, C. (2010). Sayansi shule za msingi. Dar es 

Salaam: Oxford University Press; and 

 Sibuga, K.K.  & Munisi, S.A. (2010). Tujifunze sayansi: Darasa la 6.  

Educational Books Publishers. 

 

10. Teaching / Learning Strategies: Questions and answers, plenary discussion,  

demonstration, group discussion and practical works. 
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11. LESSON DEVELOPMENT 

Lesson Stage Teaching Activities Learning Activities Assessment 

Activities 

Introduction  

(5 Minutes) 

Asking pupils  
questions about matter 

and its states. 

Answer questions 
about matter and its 

states. 

Listen to answers 
given by the 

pupils. 

New 

Knowledge  

(10 Minutes) 

Guide pupils to 
discuss about the 
properties of the states 

of matter. Pupils  
should be directed to 

discern that: 

 Matter is made of 

particles. 

 The states of 

matter differ in 
properties. 

 The state of matter 

depends on 
compactness 

(density) and 
arrangement of its 
particles. 

Plenary discussion  
on the properties of 
the states of matter. 

Observe if pupils 
are discussing the 
properties of 

matter correctly. 

Knowledge 

Reinforcement  

(10 Minutes) 

Guiding the pupils in 
groups of 6 to list and 
demonstrate the 

properties of the states 
of matter. 

In groups of six to 
list and demonstrate 
the properties of the 

states of matter. 

Observe whether 
pupils list and 
illustrate the 

properties of 
matter correctly. 

Reflection  

(10 Minutes) 

Guide pupils from 
each group to present 
the properties of 

matter and illustrate 
them as results of their 

discussion. 

 In each group, 
present the 
properties of matter 

and illustrate them 
as results of their 

discussion. 

Observe whether 
the pupils present 
and illustrate the 

properties of 
matter correctly. 

Consolidation  

(5 Minutes) 

Using cards with the 
properties of the states 
of matter, guide the 

pupils to identify the 
properties of the states 

of matter in the 
provided cards.  

Individually, 
identify the 
properties of the 

states of matter 
written on the cards. 

Check whether the 
pupils identify the 
properties of the 

states of matter 
correctly. 

 

Improvement of the Lesson from Teachers’ Reflection 

 Some misconceptions were identified during the lesson that, it is the liquid 

which fills the container in which it is contained, instead of gas;  liquid has 
fixed volume and   definite shape. These misconceptions were to be corrected 
in the next lesson for the other group.  
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 Some more distinguishing properties were such as rate of spreading and 
freedom of movement of the particles which was to be emphasized. 

 It was observed that there was a need to give more attention to the properties 

of gases as this topic was found challenging to the group one pupils.  
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Appendix VIIIA 

Plan for  Research Lesson III – Mnadani Primary School 

THE UNIVERSITY OF DODOMA 

MNADANI PRIMARY SCHOOL 

Plan for the 3rd Research Lesson 

Science Standard VI - 2015/2016  

 

Competence:  To manipulate the changes of matter.  
 

General Objective:  To understand the changes of matter.  
 
Topic: Matter and its States. 

 
Subtopic: Types of the Changes of Matter.  

 
Specific Objective: Within a period of 40 minutes, a pupil should be able to 
describe, using four differences,  the physical and chemical changes of matter.  

 
References: 

 Mture Educational Publishers (2010).Sayansi kwa vitendo; Kitabu cha 

mwanafunzi 6. Dar es Salaam: Mture Educational Publishers; 

 Kilama, H. &  Kalugula, C. (2010). Sayansi shule za msingi. Dar es 

Salaam: Oxford University Press; and 

 Sibuga, K.K.  & Munisi, S.A. (2010). Tujifunze sayansi: Darasa la 6.  

Educational Books Publishers.  

 
Teaching / Learning Aids: rubber bands, matchboxes, candles, ice-creams, 

balloons, pieces of paper. 
 
Teaching / Learning Strategies:   Questions and answers, plenary discussion, 

practical works, assignment. 
 

The Learning Object: To illustrate the properties of physical and chemical changes 
in matter. 
Critical Aspects: 

(i)  Describing the two types of changes of matter;  

(ii)  Naming examples of physical and chemical changes;  

(iii)Identifying actions that may lead to physical changes of matter; 

(iv)  Identifying actions that may lead to chemical  changes of matter; and  

(v)  Distinguishing the physical and chemical changes of matter.  
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LESSON DEVELOPMENT 

 

LESSON 

STAGE 

TIME 

(MIN) 

TEACHING 

ACTIVITIES 

LEARNING 

ACTIVITIES 

ASSESSMENT 

ACTIVITIES 

Introduction  

05Min. 

Ask questions on 

the meaning of 
matter, states of 

matter and its 
properties. 

Individually, pupils to 

answer questions on the 
meaning of matter, 

states of matter and its 
properties. 

Listen whether 

pupils answer 
questions correctly. 

New 

Knowledge 

15 Min  Guide pupils 

to discuss to 
mention and 
describe the 

physical and 
chemical 

changes of 
matter. 

 Guide the 

pupils to state 
actions which 

may lead to 
physical and 

chemical 
changes. 

 Discuss the physical 

and chemical 
changes of matter. 
 

 

 Discuss actions 

which may lead to 
physical and 

chemical changes. 
 
 

Check whether 

pupils are 
describing physical 
and chemical 

changes, and 
actions leading to 

them correctly. 
 

Reinforcement 10 
Min. 

Guide the pupils 
to illustrate the 

physical and 
chemical 
changes and its 

properties. 

Perform practical work 
to illustrate physical and 

chemical changes, and 
their properties. 

Observe whether 
pupils are 

performing the 
practical correctly. 

Reflection 05 
Min. 

Ask questions to 
review physical 

and chemical 
changes, actions 
leading to 

physical and 
chemical 

changes and their 
properties. 

Answer questions 
orally. 

Check correctness 
of pupils‟ answers.  

Consolidation 05 
Min. 

Write an exercise 
on the board. 

Do an exercise. Marking the 
exercise. 

Lesson Improvement 

 The lesson in the 1st cycle   applied, to a lesser extent, the inquiry approach. 

The teachers revealed   most of the answers before practical activities.  In the 
following cycle, the teacher was advised to administer practical activities 
before asking the pupils to reveal the properties of physical and chemical 

changes through group discussions. Then, guide the pupils through questions 
and answers through plenary discussion.  
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Appendix VIII B 

Plan for Research Lesson III – Mnadani Primary School 

THE UNIVERSITY OF DODOMA 

KALOLENI PRIMARY SCHOOL 

Plan for the 3rd Research Lesson 

Science Standard VI - 2015/2016  

 

Competence:  To manipulate the changes of matter.  
General Objective:  Understand the changes of matter.  
TOPIC: MATTER 

Subtopic: The changes of matter 
Specific Objective:   A pupil should be able to describe physical and chemical 

changes of  
matter. 
Teaching/ Learning Aids:  candle, ice cream, pieces of paper, matchbox, and rubber 

bands. 
 

References: 

 Mture Educational Publishers (2010).Sayansi kwa vitendo; Kitabu cha 

mwanafunzi 6. Dar es Salaam: Mture Educational Publishers; 

 Kilama, H. &  Kalugula, C. (2010). Sayansi shule za msingi. Dar es 

Salaam: Oxford University Press; and 

 Sibuga, K.K.  & Munisi, S.A. (2010). Tujifunze sayansi: Darasa la 6.  

Educational Books Publishers. 

 

Learning Object: Illustrate actions which may lead to physical and chemical 
changes of matter 
Critical aspects: 

(i) To describe the two types of changes of matter.  

(ii) Give examples of physical and chemical changes of matter.  

(iii) Describe actions which lead to physical changes of matter.  

(iv)  Describe actions which lead to chemical changes of matter.  

(v) To explain differences between physical and chemical changes of matter.  

 
 

LESSON DEVELOPMENT 

Lesson Stage Teaching Activities Learning Activities Assessment 

Activities 

Introduction  

(5 Minutes) 

Ask pupils questions 
to revise about matter 
and its states. 

Individually, answer 
questions about 
matter and its states. 

To check whether 
pupils answer 
questions 

correctly. 
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Lesson Stage Teaching Activities Learning Activities Assessment 

Activities 

New 

Knowledge  

(15 Minutes) 

Brainstorm the pupils 

to identify the two 
types of changes of 

matter.  
Guiding pupils, in 
groups, to perform 

practical tasks 
regarding changing 

matter physically and 
chemically. 
Guiding the pupils to 

discuss in groups the 
differences between 

physical and 
chemical changes of 
matter and make 

presentation of their 
findings before the 

class. 

Brainstorm on the 

types of the changes 
of matter. 

 
In groups, perform 
practical tasks to 

investigate the 
properties of the 

changes of matter. 
 
In groups discuss 

differences between 
physical and 

chemical changes of 
matter and present 
before the class. 

Check whether 

pupils are able to 
identify the types 

of the changes of 
matter correctly. 
 

Observe whether 
pupils are 

performing 
practical tasks 
correctly. 

 
Observe whether 

the pupils discuss 
the differences 
between physical 

and chemical 
changes of matter 

correctly. 

Knowledge 

Reinforcement  

(5 Minutes) 

Giving opportunities 

for the pupils to 
identify other 
examples of physical 

and chemical 
changes of matter. 

Through plenary 

discussion identify 
examples of 
physical and 

chemical changes. 

Observe whether 

pupils are able to 
identify examples 
of physical and 

chemical changes 
of matter correctly. 

Consolidation  

(5 Minutes) 

Asking pupils oral 

questions: To 
mention the two 

types of changes of 
matter, mention 
examples of the types 

of changes, give 
differences between 

physical and 
chemical changes of 
matter.    

Answer questions 

orally. 

To check whether 

the pupils answer 
questions 

correctly. 

 

Improvements suggested for the 2nd Cycle 

 

During reflection, the teachers  agreed : 

 To use the inquiry approach whereby the practical work was to be performed 

before revealing the type of change so that pupils could be given chances to 
deduce facts from practical works. 
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Appendix IX 
 

FOCUS GROUP DISCUSSION GUIDE QUESTIONS 

 
A: BEFORE THE LESSON 

1. What are the aspects of the content that appear challenging for teachers to 

teach and/or pupils to learn? 

2. What do you think makes each aspect of the content above appear 

challenging for teachers to teach, and pupils to learn? 

3. What are the best ways to make the pupils discern the challenging aspects of 

the content? 

This section is followed by lesson planning task. 

B. AFTER THE LESSON (LESSON REFLECTION) 

For each of the following questions, the first respondent should be the teacher who 

taught the lesson. 

1. What were the strengths of the lesson? 

2. What were the shortfalls of the lesson? 

3. Which critical aspects were well understood? 

4.  Which critical aspects were not well captured by the pupils? 

5. How can we improve the lesson to make it be understood better?  (Teaching 

methods, teaching resources, content) 
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Appendix X 
 

LESSON OBSERVATION GUIDE 

A. Observation Details 
 A1 School Name……………………………………….. 

A3 Date ……………………………………………….. 
A4 Planned Duration……………………………………  

A5 Time of the Lesson………………………………….  
A6 Size of the Class……………………………………. 
 

B. Objectives of the Lesson 
       B1 General Objective: 

………………………………………………………………………………………… 
 

B2 Learning Object:  

................................................................................................................................... 
 

B3 Critical Aspects: 
Critical Aspect 1: 
………………………………………………………............................. 

Critical Aspect 2: 
................................................................................................................. 

Critical Aspect 3: 
................................................................................................................. 
Critical Aspect 4: 

................................................................................................................. 
Critical Aspect 5: 

................................................................................................................. 
 

 

C. Lesson Activities 
 

      Teachers’ 

Instruction  

Pupils’ 

Reaction 

Learning 

Resources 

Pupils’ 

Learning 

Achievement(s) 

Pupil 

Learning 

Difficulties 

Activity 1      

Activity 2      

Activity 3      

Activity 4      

Activity 5      
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D: Lesson Evaluation 
                  Impression on Pupils Learning                     

 Impression on Overall Student 

Learning 

√ / × 

Most of the pupils achieved all learning 
objectives 

 

Almost half of the pupils achieved all the 
learning objectives 

 

Most of the pupils achieved some of the 

learning objectives 

 

Almost half of the pupils achieved some 
of the learning objectives 

 

Most of  the pupils did not achieve the 

learning objectives 
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Appendix XI 

Clearance for Conducting Research in Tanzania 
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Appendix XII 

Research Permit from Regional Authorities 
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Appendix XIII 

Research Permit from the Municipality 
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