
 
 

TEACHERS’ MOLE CONCEPT PEDAGOGICAL CONTENT 

KNOWLEDGE AND LEARNERS’ UNDERSTANDING OF THE TOPIC:  

A CASE OF SELECTED SECONDARY SCHOOLS IN KITWE DISTRICT 

 

 

 

 

 

BY 

 

 

 

EMMANUEL MWESHI 

 

 

 

 

 

 

A Thesis submitted to University of Zambia in fulfilment of the requirements 

for the degree of Doctor of Philosophy in Science Education 

 

 

 

 

 

 

 

 

 

 

 

 

THE UNIVERSITY OF ZAMBIA 

 

LUSAKA 

 

 

 

 

 

 

 

2020 

 



i 
 

 

COPYRIGHT 

 

 

Copyright © 2020 by Emmanuel Mweshi. All rights reserved no part of this thesis may 

be reproduced or stored in any form without written permission of the author or the 

University of Zambia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ii 
 

 

DECLARATION 

 

I, EMMANUEL MWESHI, declare that this thesis represents my own work and that 

it has not been previously been submitted for the award of a degree at The University 

of Zambia or any other university. 

 

 

Signed………………………………………Date………………………………… 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 
 

 

CERTIFICATE OF APPROVAL 

 

This Thesis of …………………………………………………………is approved as 

fulfilling of the requirements for the award of the degree of Doctor of Philosophy in 

Science Education by the University of Zambia 

 

                                                                   

Examiner 1………………………………………………….Date………………… 

Signature…………………………………………….                   

Examiner 2………………………………………………….Date………………… 

Signature…………………………………………… 

Examiner 3…………………………………………………..Date……………….. 

Signature……………………………………………... 

Chairperson: Board of Examiners…………………..............Date………………….. 

Signature……………………………………………… 

Supervisor……………………………………………………Date……………….. 

Signature…………………………………………….............. 

 

 

 

 

 



iv 
 

ABSTRACT 

 

The mole concept is one of the fundamental concepts in chemistry and yet numerous 

studies carried in various countries in the past four decades have shown that teachers 

and learners face a lot of problems in teaching and learning of the concept respectively. 

Currently there seems to be no comprehensive model of the mole concept Content 

Representations (CoRes) framework to address some of the teaching and learning 

difficulties of the topic.  The aim of this study was therefore to develop the CoRes to 

guide and enhance teachers' mole concept Content Knowledge (CK) and Pedagogical 

Content Knowledge (PCK) and consequently learners' understanding of the mole 

concept. The objectives of the study were to:  determine teachers’ mole concept CK; 

determine learners’ conceptual understanding of the topic; assess the teachers’ mole 

concept Pedagogical Content Knowledge; identify the underlying sources of teaching 

and learning difficulties of the topic; and consequently develop a model of the mole 

concept CoRes framework. The participants were 251 Grade 11 pupils and 30 teachers 

in six selected secondary schools in Kitwe district of Zambia.  The data was collected 

using multiple data collection methods namely; questionnaire, lesson observations, 

CoRes framework, test and focus group discussions. The embedded quantitative data 

was analysed using excel into descriptive statistics.  The CoRes framework, three 

models and modified concept map for conceptual understanding of the mole concept 

were used to catergorise and analyse qualitative data into themes according to the 

objectives of the study.  The study found out that teachers’ mole concept CK was weak 

for the development of adequate mole concept PCK for learners conceptual 

understanding of the topic. Learners performance in the test showed that they lacked 

the conceptual understanding of most of the concepts and ideas under the mole 

concepts.  Their understanding of the concepts mirrored the conceptual limitations 

faced by their teachers. The International System of Units (SI) definition of the mole 

concept, lack of knowledge on the origin and evolution of the concept, inadequate 

understanding of the linking ideas and the multiple association of the microscopic, 

macroscopic and symbolic knowledge levels within the conceptual network of the 

mole concepts by teachers, were some of the identified underlying source of teaching 

difficulties of mole. Based on the above findings and relevant literature, the study 

developed a mole concept CoRes framework focused on enhancing learners’ 

understanding of the topic by addressing the identified teachers’ conceptual limitations 

and pedagogical challenges. In view of the findings, the study made the following 

recommendations: replacement of the term ‘amount of substance’ by ‘chemical 

amount’ in the SI definition of the mole concept, Chemistry Education courses in 

teacher training programmes to include history and evolution of the mole concepts,  

the mole concept to be taught in Grade 10 after covering the mole concept, teachers to 

use conceptual strategies to creatively integrate the three knowledge levels within the 

conceptual network of the mole concepts, and further research in the area of the 

proposed mole CoRes framework to enhance teachers’ CK and PCK.  

 

Key Words: Mole concept, Pedagogical Content Knowledge, Content Knowledge, 

Content Representations 
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CHAPTER ONE   

INTRODUCTION 

1.1 Overview 

This section introduces the topic by highlighting the impact of chemistry across the 

economic, social and cultural aspects of any society. It discusses the importance of 

chemistry in science education and the significance the mole concept in laying a strong 

foundation in chemistry. The chapter stresses the problem for this study by reviewing 

the Examination Council of Zambia (ECZ) reports on the performance of learners in 

mole concept questions and overall performance in chemistry. It highlights the need to 

assess the chemistry teachers' mole concept Pedagogical Content Knowledge and 

learners understanding of the concept as a means to the development of the mole 

concept Content Representations framework. The chapter therefore, outlines the 

research objectives, questions and the scope of the study.  It explains the significance 

of the study and concludes by outlining the structure of this report. 

1.2 Background 

Chemistry is the study of chemical composition of matter, the investigation of their 

properties and reactions, and the use of such reactions to form new substances. Thus 

importance of chemistry in any society is undisputed. The science has an impact on 

our day-to-day living in that most of the biological processes in living organisms and 

industrial processes involve chemistry.  Most of the forms of energy and the industrial 

products we use are a product of processes that involve chemistry. It therefore, cuts 

across the economic, social and cultural aspects of any society. From the science 

education perspective, chemistry is a central science that forms the foundation of many 

disciplines such as biology, medicine, plant sciences, nuclear chemistry, geology, 

cosmetics, environmental sciences and others. Thus conceptual understanding of 

chemistry, beginning from secondary school level, is crucial in laying a strong 

foundation for other sciences and technological advancement of any country.  
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One of the fundamental concepts in understanding and application of chemistry is the 

mole concept. The International Union of Pure and Applied Chemistry (IUPAC) 

defines the mole as the "amount of substance of a system which contains as many 

elementary entities (atoms, molecules, ions, electrons, quanta, or other entities) as 

there are carbon atoms in 0.012 kg of C-12 isotope.” (Mills et al., 1993: 70). There are 

236.02 10  carbon atoms in 12 grams of C-12 isotope. The concept makes it possible 

to count the microscopic entities taking part in chemical processes by carrying out 

chemical reactions at macroscopic level using volumes and masses of reacting 

substances (Furio et al., 2000; Furio et al., 2002). This makes the mole to be one of the 

fundamental concepts in chemistry. It subsumes several major sub-concepts and links 

together many aspects of chemistry (Fang et al., 2014). Thus understanding of the mole 

concept is key in laying a strong foundation in chemistry. 

The mole concept is one of the most important topics covered in chemistry 5070 and 

science 5124 syllabi in the Zambian ordinary level science curriculum. Chemistry 

5070 is a pure chemistry syllabus while Science 5124 is a combination of physics and 

chemistry. These two components of science 5124 syllabus are taught separately and 

only combined during examination as one subject. The scope of the coverage of the 

mole concept outlined by the two syllabi, appendix 4, is the same.  At this foundation 

level, understanding of the mole concept by both teachers and learners is key in 

achieving the following learning outcomes; determination of empirical and molecular 

formulae of compounds, calculations of masses of substances, volumes of gases at 

room temperature and pressure (s.t.p), determination of concentrations of solutions, 

and calculation of reacting masses and volumes of substances. According to the two 

syllabi, the mole concept is not treated as a concept but a topic which covers the 

following sub topics: 

1. Relative atomic / molecular mass. 

2. Meaning of the SI definition of the mole. 

3. Linking relative atomic mass and molecular mass. 

4. Molar volume. 



 

3 
 

5. The relationship among the mole (n), mass (m), number of particles (NA) and 

Volume. 

6. Empirical and molecular formulae. 

7. Expressions of the molar concentrations of solutions. 

8. Calculation of reacting quantities in chemical reactions. 

These subtopics were grouped under the following three major themes in this study, 

the linking ideas between the atomic theory and the mole concept; the meaning of the 

amount of substance and its link to volume, mass and number of particles, and the 

application of the mole concept in stoichiometry. The differences between the two 

syllabi are that chemistry 5070 syllabus has a practical examination paper, and learners 

taking pure chemistry go further to use the mole concept under the topic, 

electrochemistry, in the calculations of the quantities of electrolytic products using the 

Faradays law.  The paper 3 of chemistry 5070 is the practical examination, and mostly 

it involves questions on titrations which require pupils to apply the mole concept in 

the calculations involving different types of acid-base reactions and determination of 

percentage purity of substances. However, starting from 2016 even learners taking 

science 5124 have been subjected to practical examinations.   

It is clear the concept covers and links many fundamental concepts in these two syllabi.  

Poor understanding of the mole concept by both teachers and learners can adversely 

affect learners' foundation in chemistry and consequently their performance at grade 

12 and advanced levels. 

The statistics in Table 1.1 show that pupils in Zambia perform poorly in chemistry 

(5070) and science (5124) syllabi at grade 12 examinations. The table shows the pass 

percentage of the 10 secondary schools in the above syllabi from 2006 to 2010.  
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Table 1.1:  Grade 12 Performances in Chemistry (5070) and Science (5124) in selected schools in Zambia from 2006 to 2010 

   YEARS 

   2006 2007 2008 2009 2010 AV PASS% 

PROVINCE SCHOOL SUBJECT SAT PASS PASS% SAT PASS PASS% SAT PASS PASS% SAT PASS PASS% SAT PASS PASS% 5070 SCI(2154) 

NORTHERN 

MUNGWI 

TECH 

CHEM(5070) 216 31 14.2 124 19 15.3 138 41 29.7 125 29 23.2 160 30 19 20.24   

SCIE(5124) 81 13 16 173 27 15.6 184 30 16.3 155 27 17.4 233 32 14   15.8 

MUCHINGA 

KENNETH 

KAUNDA 

CHEM(5070) 12 O 0 5 1 20 1 1 100 8 2 25 1 1 100 49   

SCIE(5124) 178 27 15 161 33 20.3 110 17 15 155 31 20 301 63 21   18.3 

LUAPULA 

MANSA 

SEC 

CHEM(5070) 9 3 33.3 3 1 33 22 16 72.2 30 3 9 8 4 50 39.5   

SCIE(5124) 247 38 15.4 281 27 13.4 221 25 11.3 248 94 38 610 31 5.1   16.6 

COPPERBELT 

KITWE 

BOYS 

CHEM(5070) 40 10 25 36 18 50 24 9 37.5 32 9 28.1 12 8 67 41.46   

SCIE(5124) 400 210 52.5 323 179 55.4 391 222 56.8 316 164 52 564 233 41   51.6 

N/WESTERN 

SOLWEZI 

TECH 

CHEM(5070) 55 17 31 84 23 27.4 70 28 40 90 15 16.7 123 17 14 25.78   

SCIE(5124) 291 84 28.9 293 48 16.4 282 71 25.2 259 33 12.7 414 54 13   19.2 

CENTRAL 

BWACHA 

SEC 

CHEM(5070) 7 1 16 7 3 42.8 3 1 33.3 7 3 42.8 2 0 0 26.98   

SCIE(5124) 255 52 20 255 55 21.6 325 41 12.6 276 82 29.7 414 94 23   21.3 

LUSAKA 

MUNALI 

SEC 

CHEM(5070) 121 68 56.2 91 40 44 79 31 39.2 80 38 47.5 121 73 60 49.44   

SCIE(5124) 296 172 58 519 167 32.2 274 64 23.4 295 120 41 577 232 40   39 

EASTERN 

CHIPATA  

SEC 

CHEM(5070) 22 8 36.4 12 11 91.7 20 5 25 25 11 44 20 6 30 45.42   

SCIE(5124) 233 48 20.6 249 52 20.8 291 37 12.7 227 39 17.2 505 62 12   16.7 

WESTERN 

KAOMA 

SEC 

CHEM(5070) 43 7 16.3 41 4 9.8 41 10 24.4 32 16 50 31 11 36 27.2   

SCIE(5124) 121 19 15.7 152 10 6.6 142 17 12 216 18 8.3 159 25 16   11.7 

SOUTHERN 

LINDA 

SEC 

CHEM(5070) 83 9 10.8 42 5 11.9 92 8 8.7 105 4 3.8 115 11 9.6 8.96   

SCIE(5124) 214 129 60.3 262 28 10.8 266 31 11.7 219 14 6.4 548 31 5.7   19 

  OVERALL                               33.4 22.9 
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The schools represented some of the typical secondary schools in each of the 10 

provinces of Zambia offering both 5070 and 5124. The statistics showed that overall 

average pass percentage for the 10 secondary schools in chemistry (5070) and science 

(5124) was 33% and 23% respectively. Apart from the poor performance, the statistics 

also revealed that very few learners took pure chemistry (5070 syllabus). There are so 

many factors that might have contributed to the power performance in these syllabi. 

Some of the factors are; teaching methodologies, lack of laboratories, inadequate 

apparatus, chemicals, teaching and learning materials, and English being the second 

language. These factors generally affect learners’ performances in various topics in 

Chemistry 5070 and Science 5124. 

The analysis of the performance in each question in Chemistry 5070 and Science 5124 

by Examination Council of Zambia (ECZ) from 2006 to 2012 revealed that poor 

understanding of the mole concept by both teachers and learners was one of the 

contributing factors to the poor performance of learners in chemistry. The ECZ 

reported that most of the candidates during Grade 12 examinations performed poorly 

on mole concept related questions in chemistry 5070 and science 5124 theory papers. 

In chemistry 5070 paper 3 practical paper candidates scored highly on titration tables 

and yet failed to apply their results in stoichiometry calculations to an extent that most 

of the candidates left the questions blank. The reports of the years under review 

consistently explained that, the reason why learners performed poorly was because the 

mole concept seemed to be a challenging topic for teachers.  They reported that most 

of the teachers, especially those teaching 5124, avoided teaching the topic under the 

pretense that it was not in the syllabus. It is clear from these reports that learners' poor 

performance in mole concept related questions was linked to the way teachers 

presented the concept. Thus there was need to assess the chemistry teachers' mole 

concept Pedagogical Content Knowledge with a view to improve the learners' 

performance in mole concept and consequently in chemistry. 

 The Pedagogical Content Knowledge (PCK) is a theoretical construct that was 

introduced by Shulman (1986) as a way of describing the particular form of knowledge 

that embodies the aspects of content that is connected to its teachability.  It comprises 
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the ways of representing and formulating the subject that make it comprehensible to 

others.  Shulman (1987: 15) described PCK as “the capacity of a teacher to transform 

the content knowledge he or she possesses into forms that are pedagogically powerful 

and yet adaptive to the variations in ability and background presented by the learners.” 

Shulman further argued that “an understanding of both content and process are needed 

by teaching professionals... within the content we must include knowledge of the 

structures of one's subject, pedagogical knowledge of the general and specific topics 

of the domain and specialised curricular knowledge” (1986: 43). Many models of PCK 

have been proposed which have tried to interpret and modify Shulman's ideas. 

However, there is a general agreement that the development of PCK is embedded in 

classroom practice.  It is a special kind of knowledge that teachers have about how to 

teach particular content to particular learners in ways that promote understanding 

(Mulhall et al., 2003). It is an understanding of what makes the learning of specific 

topics easy or difficult for learners and knowledge of ways of representing and 

formulating subject matter to make it comprehensible to learners (Shulman, 1986, 

1987; Keeley, 2005; Mulhall et al., 2003; Loughran et al., 2008).   

Drawing from Schulman’s and other scholars’ concept of PCK, mole concept PCK in 

this study meant how teachers used the following knowledge components to 

pedagogically transform their Subject Matter Knowledge (SMK), mole concept 

knowledge, to make it comprehensible for learners: 

a) Curriculum saliency, 

b) What makes the learning of mole concept difficult or easy to understand? 

c) Knowledge of learners’ prior knowledge, misconceptions and learning difficulties 

d) Presentations and analogies, and 

e) Conceptual strategies potential strategies for helping learners to overcome the 

obstacles. 

These components of knowledge are topic specific. Thus mole concept Content 

Knowledge is a precursor for the development of the above knowledge. This means  
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that Topic Specific Pedagogical Content Knowledge (TSPCK) is very much located 

in the Content Knowledge of a specific topic. Therefore, having a strong mole concept 

content knowledge is essential for the development of the teachers’ capacity to 

transform the content knowledge they possess into forms that are pedagogically 

powerful for learners’ conceptual understanding of the mole concept. 

 While the concept of PCK and general frameworks for representing science teachers’ 

PCK have been discussed in science education, very few topics specific PCK 

frameworks have been developed. Some of the documented topic specific PCK 

frameworks in secondary science curriculum are: particle theory; chemical reactions, 

and human circulatory system (Mulhall et al., 2003).  These topic specific frameworks 

have been proved to enhance the teachers' PCK and promote learners understanding in 

those content areas. In the quest to improve the performance of learners in chemistry 

in Zambia, this study sought to develop a mole concept Content Representations’ 

framework that may enhance teachers’ mole concept PCK and consequently teaching 

and learning of the concept in Zambia and beyond.    

1.3 Statement of the Problem 

It was clear from the ECZ Examiners reports that learners in Zambia performed poorly 

in mole concept related questions. This contributed to learners’ overall performance in 

chemistry at grade 12 examinations. Learners' poor performance in mole concept 

related questions might have been linked to so many factors.  One of the key factors 

that might have affected learners' performance was the teachers' mole concept PCK.  

Teachers’ PCK has been cited as a predictor of learners’ achievement (Baumert et al., 

2010). This is because learners’ understanding of any topic is largely affected by how 

the teacher presents a specific topic in class. There is a consensus among the findings 

of various studies that learners’ lack scientific conception of the mole concept and 

consequently face a lot of difficulties in applying the concept. This is because teachers 

and textbooks in chemistry education present various and distorted views of the mole 

concept (Furio et al., 2000; Padilla and Furio 2007; Fang et al., 2014).  The studies, 

however, have never sought to understand why there are so many variations in the 

presentation of the concept among teachers and scholars and explain the underlying 
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sources of the teaching and learning difficulties of the concept. Hence not much has 

been done in coming up with a model of a mole concept Content Representations 

(CoRes) framework to guide and enhance teachers' mole concept PCK and 

consequently improve the learners’ performance.        

1.4 Purpose of the study 

The purpose of the study was to develop a mole concept CoRes framework through 

the assessment of teachers’ PCK and learners’ conceptual understanding of the mole 

concept.  

1.5 Objectives 

The study objectives were to: 

a) Determine the teachers’ mole concept Content Knowledge. 

b) Assess the teachers’ mole concept Pedagogical Content Knowledge. 

c) Examine the learners’ understanding of the mole concept. 

d) Identify the underlying sources for teaching and learning difficulties of the mole 

concept. 

e) Develop a model mole concept Content Representations framework to enhance 

teachers’ mole concept PCK.  

1.6 Research Questions 

a) What was the teachers' mole concept content knowledge? 

b) What was the teachers’ mole concept Pedagogical Content Knowledge? 

c) What was the learners’ understanding of the mole concept? 

d) What are the underlying sources of teaching and learning difficulties of the mole 

concept?  

e) How can the teaching and learning difficulties of the mole concept topic be 

addressed? 

1.7 Significance of the study 

The knowledge generated from this study will be beneficial to chemistry teachers in 

secondary schools. It will provide teachers with a framework that may enhance their 
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mole concept PCK. It is expected that this would improve learners’ performance in 

mole concept related questions and consequently overall performance in chemistry at 

secondary school and tertiary level. The findings could also spawn further studies in 

this area and develop other topic specific PCK frameworks in ordinary level chemistry 

curriculum. Understanding and developing of topic specific PCK frameworks would 

help science teacher educators in the design of effective chemistry education 

programmes. 

1.8 Scope of the study 

The study specifically focused on the assessment of the mole concept PCK of serving 

chemistry teachers in selected secondary schools in Kitwe District of Zambia. It 

discussed and debated the PCK underpinned by constructivism views as a theoretical 

framework of the study.  The study used the modified Mavhunga and Rollnick (2013) 

model of Topic Specific Pedagogical Content Knowledge (TSPCK) as its conceptual 

framework for assessment of chemistry teachers' mole concept PCK. The study 

explored the mole concept topic within the scope of secondary school chemistry ‘O’ 

Level curriculum. Thus the reviewed literature and curriculum documents were within 

that level, except in cases where the study found limited literature. Higher levels of 

chemistry education literature were consulted to fill up the missing link in the teaching 

of the mole concept. Though the study sample was not from all the secondary schools 

in Zambia, it was reasonable to assume that there were similarities among teachers in 

Zambian secondary schools. Teachers have similar training background at Bachelor’s 

and Diploma level, and teaching context. Therefore, the knowledge that was generated 

about the teaching and learning of mole concept from a small sample gave and an idea 

of the general picture as regards to the underlying sources of teaching and learning of 

the mole concept across the nation. The study proposed a model of the mole concept 

CoRes framework to enhance the teachers’ mole concept. The assessment of the 

effectiveness of the model in enhancing teachers’ mole concept PCK was not within 

the scope of this study but for further research. The focus was to propose a framework 

to enhance teachers ‘conceptual and pedagogical limitation in the teaching of the mole 

concept.  
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1.9 Operation definitions 

Conceptual strategies: Teaching approaches, methods, techniques and skills that focus 

on learners understanding of the meaning of the architecture structure and application 

of the concepts and ideas.  

                     Conceptual understanding: The integrated and functional grasping of the        

                      meanings of concepts and ideas within the topic. 

Mole concept Content Knowledge: Understanding of the significance of the mole 

concept, linking ideas, conceptual network of the amount of substance with other 

quantities and the application of the mole concepts in chemistry.  

Mole concept Pedagogical Content Knowledge: knowledge and ability to transform 

the concepts and ideas under the mole concept in the form that facilitate learning. 

1.10 Structure of the Thesis 

This report is structured in seven chapters; namely introduction, theoretical and 

conceptual framework, literature review, methodology, findings, discussion, 

conclusion and recommendation. 

Chapter one gives an overview of the study. This includes; the background to the 

teaching and learning of chemistry in the Zambian context, description of the 

statement of the problem, stating the objectives and the research questions. It 

concludes by stating the scope of the study and how this report is structured. 

Chapter two presents the theoretical framework based on PCK underpinned by 

constructivism theory. It discusses the conceptual framework that provided a clear  

picture of how the key concepts and ideas in this study linked together, and how they 

were studied.  

Chapter three reviews the relevant literature on the teaching and learning of the mole 

concept. Specifically, literature on the origin and evolution of the mole concept, 

studies on teaching and learning of the concept, teachers PCK on the amount of 

substance and the analysis of how textbooks present the mole concept. 
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Chapter four gives the description of the overall design of the study by presenting 

the details of how the data was collected and analysed. It explains the data collection 

instruments, how they were developed and used, the justification for their use, and 

validity and reliability issues. The chapter concludes by stating the study limitations 

and ethical consideration issues.  

Chapter five presents the findings according to the research objectives:  teachers’ 

mole concept content knowledge, how teachers present the mole concept, pupils 

understanding of the concept and the underlying sources of teaching and learning 

difficulties of the mole concept.  

Chapter six presents the discussion of the findings within the context of the following 

objectives; teachers’ mole concept content knowledge, teachers’ mole concept PCK, 

learners understanding of the concept, and underlying sources of teaching and learning 

the mole concept. The chapter assesses how each element of the TSPCK was exhibited 

in the CoRes and PaP-eRs, focused group discussions and actual teaching of the mole 

concept. The chapter concludes by presenting the developed model of mole concept 

Content Representations Framework.  

Chapter seven concludes the report by highlighting the main findings of the study, 

lessons learned, the gaps in the way teachers teach the mole concept (teachers’ PCK), 

the underlying sources of teaching and learning difficulties, critical reflections and the 

limitation of the study. It ends with the recommendations. 
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CHAPTER TWO 

THEORETICAL AND CONCEPTUAL FRAMEWORK 

2.1 Overview 

This chapter presents the theoretical framework based on Pedagogical Content 

Knowledge (PCK) as a theoretical construct underpinned by constructivism theory. It 

discusses the conceptual framework that provided a clear picture of how the key 

concepts and ideas were linked and studied. 

2.2 Theoretical Framework 

The study was set within the conceptualization of PCK and based on the 

constructivism views of teaching and learning.  More than any other theoretical 

development, constructivism has been used to justify the current paradigm shift in the 

teaching approaches. The shift from the transmission of knowledge by the teacher to 

actively involving learners in the process of constructing their own meaning of 

scientific concepts. That is from rote learning to learning that promotes understanding. 

The constructivism theory underpins a variety of teaching methods such as problem- 

based learning, inquiry- based learning, project- based and discovery based learning 

(Makgato, 2012).  All these methods promote learner centered approach. The learner 

centred approach has been the guiding principle in the implementation of the Zambian 

Curriculum Framework 2013 (MoGE, 2013a). According to MoGE “learner centred 

approach develops learners’ ability, attitudes, skills and values to work independently 

and help them to take responsibility of their own learning.” (2013b: 15). Thus 

curriculum implementation requires teachers and teacher-educators to use teaching 

methods that promote active learner participation and interaction through the design 

and delivery of lessons with high quality learner –centred experiences (MoGE, 2013). 

This implies that teachers need to develop sound Pedagogical Content Knowledge for 

effective implementation of the curriculum.  

The development of PCK by the teacher and how PCK promotes learning, particularly 

on the use of relevant methods in promoting effective teaching and learning, rests on 
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the principles of constructivism (Faikhamta et al., 2009; Makgato , 2012).  A teacher 

constructs his or her knowledge of teaching and how learners can easily understand a 

certain topic through experience. The teacher relies on his or her experience to model 

what he or she considers being exemplary teaching practices based on the 

constructivism approach. The teacher’s constructed model of effective teaching and 

learning of science is dependent upon understanding the complex relationship of 

learners’ prior understanding, science content and teaching approaches (Garbett, 

2011). This understanding is what Shulman (1986) called the PCK and referred it to 

as the teacher’s ability to integrate pedagogical knowledge, contextual knowledge, and 

an understanding of the subject content.  Thus a well-developed teacher’s PCK 

promotes learners’ understanding using approaches that are supported by 

constructivism theory.  These justified the use of PCK as a theoretical construct 

underpinned by the constructivism principles as the theoretical framework for this 

study. This section therefore discusses the origin of the PCK as a theoretical construct 

and reviews some of the PCK models in science education literature. It concludes by 

discussing the teachers’ development of PCK and its importance in teaching and 

learning process. 

2.2.1 The Origin of Pedagogical Content Knowledge 

The PCK as a theoretical construct was first introduced by Shulman (1986) in 

addressing the missing paradigm in teacher education. The missing gap was the 

understanding of the kind of knowledge base teachers develop and use in transforming 

their content knowledge for learners.  He attributed this gap to the inadequacies in 

traditional teacher education programmes that regarded the teachers’ knowledge base, 

as comprised only Subject Matter Knowledge (SMK) and pedagogical knowledge 

(Mavhunga and Rollnick, 2013). In addressing the missing gap Shulman (1986: 13) 

first proposed three categories of content knowledge for teachers: 

a) Subject –matter content knowledge; 

b) Subject –matter pedagogical knowledge; and 

c) Curricular knowledge.   
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According to Shulman (1986) the subject-matter knowledge meant the amount and 

organisation of knowledge in the mind of a teacher. He defined subject-matter 

pedagogical knowledge as the ways of representing and formulating the subject that 

makes it comprehensible to learners. The curricular knowledge meant the teachers 

knowledge about the current materials such as textbooks, laboratory demonstrations, 

software and other available materials to use in the classroom. 

Later in his paper, Shulman (1987: 8) refined the three categories of knowledge into 

the following: 

a) Content Knowledge; 

b) General pedagogical knowledge, with special reference to those broad principles 

and strategies of classroom management and organisation that appear to transcend 

subject matter; 

c) Curriculum knowledge, that is the grasp of the materials and programme that 

serve as ‘tools of the trade’ for teachers; 

d) Knowledge of learners and their characteristics; 

e) Knowledge of educational contexts, ranging from the workings in the group or 

classroom, the governance and financing of school district, to the character of the 

communities and cultures; and  

f) Knowledge of educational ends, purposes, and values and their philosophical and 

historical grounds. 

He proposed that content and Pedagogy are blended in PCK by the teacher who 

combines his or her understanding about the topic with instructional strategies using 

the above knowledge to promote learning.  

Shulman summarised PCK as: “the capacity of a teacher to transform the content 

knowledge he or she possesses into forms that are pedagogically powerful and yet 

adaptive to the variations in ability and background presented by the learners” (1987: 

15). 

The Schulman’s ideas brought out the following aspects about PCK:  
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1) PCK is a unique body of knowledge acquired by the teacher through experience; 

2) PCK is topic specific; 

3) The topic content knowledge forms the foundation for the development of PCK; 

and  

4) In order for a teacher to develop the capacity to transform the content knowledge 

for a specific topic in forms that are pedagogically powerful, he or she should 

have adequate knowledge about; learners’ characteristics, what makes the 

learning of a topic difficult or easy and strategies that will help learners to 

overcome the learning challenges. 

Thus PCK can be described as the knowledge that represents how teachers present a 

topic by accessing what they know about the topic, the learners, the curriculum and 

what they believe as good teaching (Rollnick et al., 2008). The development of this 

knowledge is underpinned by the constructivism principles of learning. The teacher 

learns how to teach a topic by being actively involved in the teaching process as a 

professional.  

It is against this backdrop that teacher education programmes have realised that the 

development of PCK has been the missing gap in the training of effective teachers. In 

pre-service programmes PCK is promoted by addressing both pre-service teachers’ 

subject matter knowledge and their educational beliefs by providing them with 

opportunities to gain teaching experience, and in particular, to allow them to critically 

reflect on the experiences. These programmes are based on the constructivism view 

that pre – service science teachers are learners who actively construct their views of 

teaching and learning science, and bring to science teacher education programme their 

prior knowledge and beliefs.  The development of PCK in pre-service science teacher 

education programmes has taken a centre stage globally (Faikhamta et al., 2009; 

Loughran et al., 2012; Mavhunga and Rollnick, 2013).  This trend in teacher education 

programmes had spread even to Zambia; the Japanese International Cooperation 

Agency (JICA) had already started a pilot programme on PCK in three Colleges of 

Education in Zambia namely; Mufulira, Malcolm Moffat, and Charles Lwanga. The 

programme was launched in April, 2016 and it was called ‘Improvement of 
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Pedagogical Content Knowledge (IPeCK); Linking pre-service and In-service 

education.’ The focus of this programme was to facilitate the development of PCK in 

pre-service teachers in these colleges by offering them teaching experience 

opportunities through linkages with identified primary and secondary schools. This 

illustrates how much attention the development of PCK is receiving as a way of 

improving science teaching and learning.  

2.2.2 Pedagogical Content Knowledge Taxonomies 

Veal and Makinster (1998) proposed that PCK should be based on a hierarchical 

structure called taxonomy. They proposed the following hierarchical structure from 

general to specific PCK:  

1) General PCK; 

2) Subject Specific PCK;  

3) Domain Specific PCK; and 

4) Topic Specific PCK (TSPCK). 

This hierarchy was an attempt to represent the process by which prospective teachers 

obtain different knowledge bases that contribute to the development of PCK (Kind, 

2009).  

General PCK: This is the lowest level of PCK in that it deals with the pedagogical 

knowledge components about the teaching of a wide range of subjects, for instance 

the knowledge needed to teach the following sciences; chemistry, biology, agriculture 

science and physics is general.  

Subject Specific PCK: This is the second level of the development of PCK. At this 

level the teacher develops an understanding of how to teach a certain subject by 

developing pedagogical knowledge components that relates specifically to the 

teaching of a subject. 

Domain specific PCK: This knowledge deals with an understanding of how to teach 

a certain area within a subject. This knowledge is higher than the subject specific PCK 
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in that it is more pedagogically powerful to influence teachers’ classroom practice and 

it may differ from teacher to teacher. 

Topic Specific PCK (TSPCK):  This is the highest level of PCK so far. At this level, 

the distinction between the knowledge of chemistry teachers with different topic 

Content Knowledge (CK), comes into play.  The teacher develops knowledge 

components that are topic specific. The development of this knowledge is influenced 

by the CK possessed by an individual teacher.  This PCK is the most powerful body 

of knowledge for the transformation of CK into forms that are pedagogically powerful 

and yet adaptive to variations presented by learners’ characteristics and context.  

It should be noted however, that Veal and Makinster (1998) proposed the above 

hierarchy from theoretical perspective; they did not claim that teachers acquire their 

PCK in that manner. However, the description may be helpful to show that 

components of PCK for science teaching may be hierarchical (Kind, 2009). For 

example, a chemistry and a physics teacher may have similar general PCK (the lowest 

level). Their subject PCK may still be similar because these two subjects are sciences. 

There are bound to be differences in their domain specific PCK. At this level 

differences in PCK are expected even within the chemistry teachers.  They may 

develop different knowledge of how to teach different areas within the subject.  Topic 

specific PCK is more difficult and complex because it relies on “intensive input to 

overcome ingrained ways of thinking about scientific ideas” (Kind, 2009: 179). This 

knowledge is topic specific, learner-oriented, unique to each teacher, and only gained 

through experience. 

2.2.3 Pedagogical Content Knowledge Models 

Review of the literature on PCK in science education showed that PCK is a complex 

construct and researchers have presented PCK using various models.  Some models 

have generally accepted Schulman’s original ideas of PCK based on transformation 

model.  While others have interpreted his ideas differently based on integration model 

(Guess -Newsome 1999b; Kind, 2009). 
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Transformative models explain that teachers develop their PCK through experience 

by transforming CK. The models identify CK as a distinct category of knowledge and 

define PCK as the special knowledge used by a teacher to transform his/ her CK to 

benefit learners. The teacher transforms CK, using the subject specific instructional 

strategies, experiences (based on learners' needs and school context), his or her beliefs 

and orientation about teaching (Grossman, 1990; Magnusson et al., 1999 Kind, 2009).  

This was summarised by Shulman’s (1987) description of PCK as the teachers’ 

capacity to transform the content knowledge he or she possesses into forms that are 

pedagogically powerful and yet adaptive to variations in ability and background 

presented by learners. This statement has been a foundation of much research, 

including this study, which supports that PCK is topic specific in nature (Mavhunga 

and Rollnick, 2013). In the transformative models the teacher uses various knowledge 

components, identified by Shulman and other scholars, to repackage the CK into forms 

that are easier for learners to understand. 

 The integrative models propose that teachers develop PCK by the process of 

integration of the following knowledge; content knowledge, student characteristics, 

context and pedagogy.  Through experience PCK is developed as the teacher gains 

these different types of knowledge and these pieces of knowledge fit together to form 

new ways of understanding how to teach a given topic (Rollnick et al., 2008).  In these 

models CK is seen as a component of PCK.  These models do not recognise PCK as a 

separate knowledge component; instead PCK has been described as the teacher's 

knowledge comprising of CK, pedagogy, context and knowledge of the learners (Kind. 

2009). This study proposed that in theory CK is not a part of PCK, but in practice the 

distinction between these two components of knowledge is not easy to notice, 

supporting Ball (2000) and Deng (2007) position that the boundary between CK and 

PCK is blurred. In classroom practice CK cannot be separated from the teachers’ PCK. 

The two components of knowledge are complimentary in practice. In support of this 

position, a study by Jones et al. (1999) found that, understanding of concepts by the 

trainee teachers developed due to their awareness of the children needs and 

misconceptions. This in turn helped their teaching to move towards transforming 

rather than transmission of knowledge. This means that good topic specific CK may 
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facilitate the development of sound TSPCK which also may affect the development of 

CK. 

Although debate is ongoing between these models in establishing whether or not 

content knowledge is part of PCK, both the transformative and integrative proponents 

of PCK have agreed that CK is a precursor for the development of PCK (Rollnick et 

al., 2008; Kind, 2009). In their study, Sanders et al. (1993) found that teachers’ PCK 

teaching within their specialisation was well developed. When planning, teachers 

knew how to build the content by presenting key concepts in a logical sequence, how 

much content to be presented at a time and understood the interrelationships of various 

parts of the CK.  This indicated that teachers, within their specialisation, had adequate 

CK and hence they easily developed capacity to transform the content. While teaching 

outside their specialisation, teachers demonstrated uncertainty in teaching. This was 

because they faced difficulties in determining of how much to be presented at a given 

time. They also struggled with the sequence of their presentation because they could 

not easily determine how different aspects of the content fitted together. This 

illustrated that teachers lacked the appropriate CK, the precursor for the development 

of PCK. Their weakness in CK impacted negatively on their classroom practice. 

Childs and McNicholl (2007) also explored the same issue.  The findings of this study 

resonated with the findings by Sanders et al. (1993) supporting the idea that CK is a 

precursor for PCK. Childs and McNicholl (2007) found out that, when the teacher was 

secure in his or her CK, he or she could explain the science concepts more fully and 

creatively. But when teaching topics in which he or she was less confident in CK. the 

teachers resorted to passive strategies of teaching.  

The above studies provided evidence that CK is essential for sound PCK. The studies 

also showed that teachers’ CK and PCK can be assessed at the same time through the 

observation of teachers’ classroom practice as they teach specific topics.  

2.2.4 PCK Models Re-examined 

It should be noted however, that research on the development and measuring of the 

quality of PCK still shows that this knowledge is quite complex than the simplistic 

picture portrayed by so many models in literature.  PCK is complex, dynamic, holistic 
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and personal.  Breaking down PCK into segmented and static entities, portrayed by 

models in literature, result in a simplistic and hence misleading picture of teachers’ 

knowledge (Van Driel and Berry, 2010).  

To acknowledge the dynamic nature of PCK, Cochran et al. (1993) preferred to speak 

of Pedagogical Content Knowing (PCKg). Using a constructivism perspective, they 

pointed out that the term knowledge in PCK is static and inconsistent with the way 

teachers develop their professional knowledge. Knowing is a more dynamic word 

capturing of how teachers’ construct PCK on the basis of understanding of learners 

needs. They argued that teachers’ device instructional strategies actively in response 

to understanding of their learners: “Increasingly strong PCKg enable teachers to use 

their understandings to create teaching strategies for teaching specific content in a 

discipline in ways that enable specific learners to construct useful understandings in a 

given context” (Cochran et al., 1993: 266). This view of the nature of PCK supports 

the use of constructivism in this study as a theory underpinning the development of 

PCK and effective teaching and learning of the mole concept.  Contrary to the 

transformation models of PCK, Cochran et al. (1993) propose that CK is not a separate 

component, but an element of PCK as it is used by the teachers to decide how best to 

handle students in class. Taking this view, a teacher’s PCKg relies on combining CK, 

pedagogical knowledge and awareness of the environment in which they work. 

Although not getting the attention it deserves in PCK models in literature, teachers’ 

environment has got an impact on the development of PCK. This is because teachers’ 

environment is influenced by political, social, cultural, and physical factors which in 

turn influence PCK (Cochran et al., 1993). Many scholars (Loughran et al., 2008; 

Guess-Newsome, 1999b; Van Driel and Berry, 2010) have pointed out that researchers 

often fail to acknowledge the complex relationships and interactions existing within a 

teachers’ personal professional knowledge base. This is partly because researchers are 

pre - occupied with the development of instruments and procedures to make teachers’ 

knowledge explicit and measure PCK in a valid manner overlooking that PCK can be 

sensitive to personal characteristics of teachers and their working context.  
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In highlighting the complex nature of PCK, several studies have reported substantial 

difference between the PCKs of experienced teachers around the same topic area, even 

when their CK is similar teaching the same curriculum (Henze, 2006). The differences 

seem to stem from a range of factors including different orientations towards teaching, 

different purposes and practices (Van Driel and Berry, 2010). This is why measuring 

of PCK remains challenging as the knowledge measured is complex and embedded in 

the minds and experiences of teachers. 

This study acknowledges that PCK is complex and it cannot be explicitly explained 

by a single model.   Neither can it be captured using mono data collection instruments. 

However, among the discussed models in this chapter the study used the 

transformation model at topic level because it offers an explanation of how the Content 

Knowledge is transformed using the knowledge components of PCK. In support of 

this position, Abd El-Khalick (2006) argued that the integrative models lack the 

explanatory power, a mechanism to suggest how the integration of CK, pedagogy and 

contextual factors result in PCK. While in the transformative models the mechanism 

of the transformation of CK exists. The transformation model make it is possible to 

capture and portray PCK in such a way that key notions of teaching and learning a 

specific topic are made explicitly. The study viewed PCK as a transformation process 

of CK by the teacher for the benefit of the learners in classroom practice. Van Driel 

and Berry (2010: 659) pointed out that “the main aim in studying teachers PCK is to 

understand how and why teachers teach certain topics the way they do and, in 

particular, how their teaching approach is related to, or focus on, student learning.” 

Taking all the above raised points the study triangulated multiple methods of data 

collection focused on classroom practice in the teaching and learning of the mole 

concept so as to capture key knowledge components of the topic PCK in a way that is 

valid and from the teachers’ point of view. 

2.2.4 Development and Importance of TSPCK underpinned by Constructivism 

theory 

Constructivism theory is a collection of theoretical approaches sharing the idea that 

knowledge, beliefs, values, and meaningful behaviours are constructed individually 

and socially from experience (Eisenhart et al., 1996; Woolfolk et al., 2008; Garbett, 
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2011; Opara, 2013).  Two broad approaches of constructivism exist that explains how 

an individual construct knowledge within a given social context or group. These are 

psychological and social constructivism.  Psychological or cognitive constructivism is 

influenced by Piaget's cognitive theory, while the social constructivism is deep rooted 

in Vygotsky's theory (Woolfolk et al., 2008). 

Cognitive constructivism focuses on the cognitive developmental processes by which 

individual's abstract conceptual understanding from experience. It takes the position 

that conceptual development occurs through individual mental adaptation. The theory 

suggests that individual’s prior knowledge or experience plays an important role in the 

construction of meaning. Prior knowledge can expedite the construction of knowledge 

and transfer of a learning task. Hence, for an individual to gain understanding and 

perform tasks, his or her prior knowledge must be provoked by actively engaging in 

the learning process (Woolfolk et al., 2008; Opara, 2013).  This allows a learner to 

access his or her prior knowledge which might facilitate or hinder the construction of 

new knowledge. An individual’s misconceptions if not provoked and corrected 

through experience can hinder the conceptual understanding of new knowledge. While 

correct ideas and pre-requisite knowledge which an individual may have about new 

concepts supports the understanding and transfer of learning tasks.   

 The social constructivism emphasises the importance of interaction among learners, 

and between learners and teachers in the learning process. This paradigm of 

constructivism suggests that meanings stem from the consensual domains of 

individuals and that learning cannot be separated from the social and cultural settings 

in which it takes place (Wheatley, 1991; Vighnarajah et al, 2008; Opara, 2013).  

Learning is characterised by the subjective reconstruction of meanings in a given 

context through social interaction. The two views of the constructivism theory 

complement each other to explain how an individual in a social setting through 

interaction and cognitive ability actively constructs his or her own knowledge.  
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The theory underpins the development of various TSPCKs by teachers through 

experience. This is because; 

 Constructivism emphasises the importance of the knowledge, beliefs and 

skills that an individual brings to the experience of learning. In its many 

different forms from a Piagetian notion of an individual’s adaptation and 

assimilation of new information to an emphasis on learning as the product of 

complex social-cultural processes, as suggested by Brunner, Lave, Rogoff 

and Vygotsky, the learner is an active participant. As such, they are involved 

in the interpretation of meaning, the reflection of experience and the 

reconstruction of the experience to become more knowing (Garbett, 2011: 

37).    

 After training, teachers become professional learners, they start learning how to teach 

various topics in a subject. Through interaction with other teachers, learning materials, 

the curriculum, learners and the use of their cognitive ability, teachers construct their 

own PCK over time.  According to constructivism, the development of the TSPCK is 

very much influenced by; the teachers’ prior knowledge about teaching, topic specific 

content knowledge, learners’ characteristics, social and cultural settings of teaching 

environment (Garbett, 2011). It further suggests that the construction of the knowledge 

stem from the consensual domains of individuals and that learning cannot be separated 

from the social and cultural settings in which it takes place. Basing on the above 

tenants of constructivism, this study proposed that TSPCKs developed by the teachers 

with similar training background, handling learners with similar characteristics and 

teaching in similar environment are likely to be similar. Thus it was possible to capture 

a common mole concept PCK for teachers.  

In a classroom context, a teacher with well-developed mole concept PCK is likely to 

use the principles of constructivism to engage learners in understanding the mole 

concept. The PCK enable the teacher to plan and teach the mole concept and related 

ideas in a coherent manner. At the same time, teachers will be able to monitor 

constantly learners understanding and introduce appropriate experiences that promote 

meaningful learning of the mole concept as underpinned by the constructivism theory 

(MoGE, 2013). According to the constructivism view, the role of a teacher is that of a 

cognitive coach who introduces new concepts and provides opportunities that help 

learners to understand and become proficient in using those concepts through the use 
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of teaching strategies that promote active learner participation (Mulhall et al., 2003; 

Makgato, 2012).  This means that teachers should have a sound topic PCK to 

effectively engage learners in the learning process that promotes understanding.  This 

is why development of the mole concept teaching framework to enhance teachers’ 

mole PCK was very important ultimate goal of this study. 

2.3 Conceptual Framework 

The conceptual framework captured the key concepts and ideas and their relationships 

in this study. The framework integrated the modified TSPCK model and mole concept 

CK. The TSPCK was informed by the model developed by Mavhunga and Rollnick 

(2013). The model was modified by capturing the concepts and ideas that constitute   

mole concept C K as outlined by chemistry 5070 and science 5124 syllabi.  

 

Figure 2.1: Conceptual framework for the mole concept PCK (Mavhunga and 

Rollnick, 2013) 

The conceptual framework supports the view that TSPCK is very much located in 

the topic specific CK, and that CK is the precursor for development knowledge  
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components of TSPCK.  The study used the transformation model of PCK at the 

topic level and the integration model at subject level.  

2.3.1 Topic Specific Pedagogical Content Knowledge Model 

The focus of the study was the TSPCK which is a synthesis of the knowledge 

components of TSPCK, concepts and ideas that constitutes the mole concept CK. At 

topic level, the teacher develops overtime the specific knowledge that is required to 

transform his or her CK into forms that are pedagogically powerful for learners 

understanding.  When teaching a topic, a teacher thinks about that topic through 

content specific components of pedagogical knowledge through which he or she 

generates understanding for teaching that topic (Mavhunga and Rollnick, 2013). 

According to Geddis (1993), a teacher requires a multitude of components of such 

knowledge about a topic that are relevant to its teachability. However, the conceptual 

framework uses five components of the relevant knowledge, identified by Rollnick et 

al., (2008) and Mavhunga and Rollnick (2013), needed to pedagogically transform 

CK. These components are:  

a) Curriculum saliency; 

b) What makes the topic difficult or easy to teach and understand; 

c) Learners ‘prior knowledge, misconception and learning difficulties; 

d) Presentations and analogies; and 

e) Conceptual strategies. 

a) Curriculum Saliency 

Curriculum saliency refers to the understanding of the link among various topics 

in a curriculum as whole. It is also the teachers’ ability to decide which concepts 

and ideas are the most central and which are more peripheral within the topics.  

Such understanding enables the teacher to judge the breadth and the depth to 

which a topic should be covered and hence the amount of time to spend on it. This 

knowledge domain is observable from the teacher’s decision on the sequencing 

of the content knowledge and decisions to leave out other aspects of the subject 
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matter, which can be covered latter or has been already covered in the previous 

grades. 

b) What makes the topic difficulty or easy to understand? 

       This is the teacher’s ability to identify gate-keeping concepts, within a topic, that 

are difficult to understand. This knowledge triggers dedicated awareness and 

possible interventions for teaching them. 

c) Learners ‘prior knowledge, misconception and learning difficulties 

This refers to the prior knowledge, alternative conceptions, misconceptions and 

awareness of leaner’s difficulties concerning the topic to be taught, which helps 

in interpreting learners’ actions in class as well as planning effective ways to 

overcome learning difficulties. 

d) Presentations and analogies.  

These are ways of framing ideas to support effective teaching and learning.  The 

component refers to a range of subject matter representations including examples, 

illustrations, analogies, simulations and models (Mavhunga and Rollnick, 2008).  

These help to communicate effectively in the transformation of CK for learners’ 

conceptual understanding of the topic. 

e) Conceptual strategies 

Shulman (1986) described this component of pedagogical knowledge as the 

modes of teaching, organising, managing and arranging the subject matter.  

Conceptual strategies refer to effective instruction strategies for helping learners 

to overcome known learning obstacles and misconceptions. It involves the use of 

the combination of conceptual principles and rules of a topic as tools to confront 

potential confusion and misconception (Mavhunga and Rollnick, 2008). 

The above knowledge components of TSPCK is from which the transformation of 

topic specific CK emerges. Thus this study assessed the teachers' possession of this 

knowledge, the interaction among these components of PCK and their interplay with 

the CK from the way they presented various subtopics of the mole concept.  
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The conceptual framework also acknowledged Mavhunga and Rollnick (2009) 

position that topic specific PCK is located within the topic. The role of topic specific 

CK is therefore crucial in the development of TSPCK (Childs and McNicholl, 2007; 

Kind 2009; Rollnick et al., 2008). The study therefore assessed the teacher mole 

concept CK because it is a precursor for development of sound mole concept PCK, 

and learners understanding of the topic being the predictor of PCK. 

2.3.2 Mole concept Content Knowledge 

Mole concept is treated as a topic in the Zambian ordinary level chemistry syllabi, 

Chemistry 5070 and Science 5124. The topic captures the linking ideas, the meaning 

of the mole concept, and the application of the mole in the expression of empirical 

formula, concentrations of aqueous solutions, and the calculation quantities of 

substances in a chemical reaction.   The linking ideas that links the atomic theory and 

the mole are elementary particles, relative atomic mass and molar mass. The content 

knowledge captures the associations among the amount of substances, number of 

elementary entities, mass and volume embedded in the SI definition of the mole 

concept.   

The bridging concepts within the mole concept are; percentage composition by mass, 

empirical and molecular formulae and concentration.  The application of the mole 

concept constitutes the use of the mole in the determination of the empirical formula, 

description of the concentrations of aqueous solutions and the calculation of reacting 

quantities in chemical reactions (stoichiometry). 

The other aspect which was included in this study as part of the mole concept CK, was 

the understanding of the origin, evolution and the significance of the mole concept in 

chemistry. This is because understanding of a concept or an idea implies among other 

things knowing the problems that originated the constitution of the specific scientific 

knowledge, how the concept evolved and its significance (Furio, 2000).   
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2.3.3 Capturing Topic Specific Pedagogical Content Knowledge 

The Content Representation (CoRes) and Pedagogical and Professional-experience 

Repertoires (PaP-eRs) developed by Mulhall et al. (2003) have been used in many 

studies as a tools in the exploration and analysis of PCK in science teacher education 

(Loughran et al., 2008; Mavhunga and Rollnick, 2013; Mulhall et al., 2003; Rollnick 

et al., 2008).  

A CoRes provides an overview of how teachers approach the teaching of a certain 

topic and the reasons for using that approach. Under the CoRes, teachers answer 

questions about a specific topic that provide responses that link to the how, why and 

what content to be taught. This provides information about how teachers use 

knowledge about a given topic and learners to make curricular and instructional 

decisions as they teach a particular topic (Mulhall et al., 2003).  According to 

Loughran et al. (2008) CoRes set out the aspects of PCK that are most closely attached 

to a specific science topic and extended across various contexts related to: 

a) the key content ideas,  

b) known alternative conceptions,  

c) insightful ways of testing for understanding,  

d) known points of confusion, and  

e) Ways of framing ideas to support learning. 

These aspects relate to the five components of TSPCK captured in the conceptual 

framework. 

PaP-eRs represents the teacher's thinking and actions in teaching a specific topic. The 

PaP-eRs offers a way of capturing the holistic nature and complexity of PCK, more 

than is possible in the CoRes, by asking the teacher to reflect and explain in text what 

one knows in action about teaching a specific topic (Mulhall et al., 2003).  PaP-eRs 

helps to give insights of the decisions that underpin the teacher's actions that are 

intended to help learners better understand the science content (Loughran et al., 2008; 

Loughran et al., 2012).  Kind (2009) points out that CoRes and PaP-eRs offer the most 

useful technique devised to date for eliciting and record PCK directly from teachers. 
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In order to have a holistic picture of the teachers' mole concept PCK both from theory 

and practical perspectives, this study complimented CoRes and PaP-eRs with other 

data collection instruments discussed in the methodology chapter.  

2.4 Summary 

This chapter discussed PCK as a theoretical construct underpinned by the 

constructivism theory, and the conceptual framework for the study. The PCK as 

theoretical construct was first introduced by Lee Shulman as the teachers’ 

understanding of what makes the learning of a specific topic easy or difficult for 

learners and knowledge of ways of representing and formulating the topic to make it 

comprehensible to learners. This knowledge has been discussed using different models 

the main ones being; transformative, integrative and PCK models from the 

psychological perspective.  The transformative model holds the view that CK is not 

part of PCK and proposes that the teacher transforms CK using the pedagogical 

knowledge components into the form that is comprehensible to learners. While the 

integrative models view PCK as an integration of CK, Pedagogical knowledge and 

Context. From this perspective CK is seen as part of PCK. The models from the 

constructivist view considers PCK as a continuous understanding by teachers that 

create teaching strategies for teaching specific content in a discipline in ways that 

enable specific learners to construct useful understandings in a given context. This 

view critic the static, segmented and simplistic picture of PCK portrayed by 

transformative and integrative models. However, there are agreements among these 

points of view that: PCK is topic specific and developed through experience, CK is 

essential for the development of PCK, and essential topic specific PCK can be 

captured and portrayed. The study adopted most aspects of transformative model 

because it offers a mechanism to explain how the transformation of CK happens at 

topic level, and embraces the constructivism view in the development and the 

importance of PCK in classroom practice. The conceptual framework captured what 

constituted mole concept CK and how it was transformed through the knowledge 

components of TSPCK by the teacher in classroom practice, and how learners 

understood the mole concept.  
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CHAPTER THREE 

LITERATURE REVIEW 

3.1 Overview 

The presentation of literature review starts with the discussion of the historical context 

and evolution of the mole concept by highlighting the main problem chemists faced in 

the 18th century that led to the introduction and adoption of the mole concept. It brings 

out the controversies between the equivalentist and atomistic paradigm in the way they 

viewed matter and the evolution of the mole concept. It also presents the present 

meaning and nature of mole concept definition in the context of the nature of chemistry 

knowledge. The second part of this chapter presents what studies say about teaching 

and learning of mole concept under the following themes: how text books and teachers 

present the mole concept, mole concept PCK and learning difficulties of the mole 

concept.   Then the chapter concludes by critically examining what research says about 

teaching and learning of the mole concept, and bring out of the research position and 

focus.  

3.2 Historical context and Evolution of the mole concept 

This section reviews the origin and evolution of the concepts ‘amount of substance’ 

and ‘mole’. This was important because understanding of a concept involves not only 

knowing the present precise definition, but also knowing the contexts in which it was 

constructed, what other concepts it is related to and differentiated from, in what social 

–historical conditions it was constructed and what changes it has undergone (Furio 

and Guisasola, 1998; Furio at el., 2000; Padilla and Furio, 2007). 

Furio et al. (2000: 1287) points out that “One of the main problems chemistry faced 

when becoming a science in the late 18th century was to fix both the composition of 

compounds by mass and the quantitative proportion by mass of substances combining 

in chemical reactions.”  Historically two different paradigms stood out in trying to 

solve these material quantity problems in chemical combinations and the need to 

establish an exact nomenclature acceptable to the entire scientific community. The two 
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paradigms were the equivalentist and the atomistic (Furio at el., 2000; Padilla and 

Furio, 2007). 

The equivalent framework originated from Richter’s work, by making reference to 

acid base reaction, he proposed that the proportions of reagent masses are constant, 

that is the equivalent quantities of an acid and base in a neutralization reaction are 

always constant. In 1792 he formulated what is known as the law of reciprocal 

proportion which states that, when two neutral solutions are mixed, and decomposition 

follows, the new resulting products are almost without exception also neutral; the 

elements must therefore, have among themselves a certain fixed ratio of mass. In 1808 

John Dalton used Proust's work on the constant proportions of compounds and 

Richter's work as an empirical reference for his atomic hypothesis. He suggested that 

chemical combinations were made by discrete units, called atoms, and that all atoms 

belonging to the same element are identical (Padilla and Furio, 2007). This was the 

beginning of the atomistic paradigm and a new framework to explain stoichiometry. 

Later in 1811 Amedeo Avogadro, operating within the atomistic paradigm, formulated 

his first hypothesis which was supported by Gay-Lussac, he proposed that at the same 

condition of temperature and pressure, equal volumes of different gases have the same 

number of molecules. He also proposed the existence of molecules formed by two or 

more atoms of the same element. This second hypothesis was rejected in that at that 

time the idea of molecules formed by the same kind of atoms was unbelievable (Furio 

et al., 2000; Padilla and Furio, 2007). During this period, the equivalentist paradigm 

belonged to a traditional theory of matter did not still believe in the fundamental 

existence of atoms while the atomistic paradigm believed in the existence of discrete 

atoms and molecules.  

In view of the above and other controversies in history, the scientific community saw 

the need to reach an agreement over chemical nomenclature and the first international 

congress for chemistry was held in Karlscruche Germany in 1860. One of the aims of 

this meeting was to clearly distinguish the following concepts; atom, molecule and 

equivalent, by giving them a more precise definition to be used in chemistry (Padilla 

and Furio, 2007). No consensus was reached because the chemists, who found it easy 
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to use equivalent quantities, argued that it was still possible to get the same results 

without supposing the existence of atoms, by only taking the proportional weights or 

equivalents.  Although no consensus was reached over the use of these concepts, the 

congress accepted Avogadro’s hypothesis which proposed the existence of diatomic 

molecules. The congress also gave more strength to the atomic theory of matter than 

the equivalent notation.   This lead to the acceptance of the atomic- molecular theory 

of matter and the introduction of the concept of amount of substance and the mole as 

its unit (Furio et al., 2000; Padilla and Furio, 2007). 

The term 'mole' was first introduced by Ostwald before the quantity 'amount of 

substance'. He introduced the mole at the beginning of the 20th century with a meaning 

of weight as a contrary view to Dalton's atomic hypothesis (Furio et al., 2000). He 

identified the mole with normal or molecular weight of substances expressed in grams.  

Ostwald was still among the scientist who questioned the atomic hypothesis up to that 

time.  In 1900 he introduced the ‘mole’ concept as a way of rejecting the atomic – 

molecular hypothesis. He defined the mole as the normal weight expressed in grams, 

identifying it with the   quantity of mass. This was consistent with the equivalentist 

paradigm, but inconsistent with the interpretation of chemical reactions based on 

atomic molecular theory. Nelson (1991) pointed out that the terminology used by 

Ostwald favoured his purpose, since the word ‘mole’ in Latin means ‘big mass’, as 

opposed to molecule which means ‘small mass’. Thus the mole was a mass. However, 

his concept of a mole did not help much in interpreting the interaction of particles in 

a chemical change within the atomic-molecular theory. This was because the original 

meaning of the mole was related to the mass of a substance and it was within the 

equivalentist paradigm (Furio et al., 2000; Padilla and Furio, 2007). 

 Later in the 20th century the improvements in the atomic theory and physics research 

in the radiation of black bodies lead to the acceptance of atomic-molecular theory of 

matter as a theoretical framework to interpret chemical changes. This theory gave a 

solution to the problem of quantitative relations in chemical reaction because it was 

based on the meaning of what a chemical reaction is (Furio et al., 2000). A reaction is 

symbolised by a chemical equation that contains chemical formulae of atoms and 
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molecules of the substances that interact. The coefficients that precede the chemical 

formulae in a chemical equation indicate that there are some proportions of 

combination between the particles of reactants and products in a chemical reaction. 

Thus knowing the masses of the particles involved in a reaction made it possible to 

deduce the mass and volumetric relations of the combination using a chemical 

equation.  At this point the atomic – molecular theory did not completely solve the 

problem of quantitative relations in chemical reaction. The chemists were reluctant to 

deal away with the equivalent view and tried to converge the atomic and equivalent 

paradigms by introducing the concepts of gramme-atom, gramme-equivalent, and 

gramme-formula mass. This was after the translation of the quantities of the reacting 

substances (the masses of the particles in a reaction) to mass expressed in grams.     It 

was not until the introduction of the quantity ‘amount of substance’ measured in moles 

(mol), that the problem of relation of the reacting quantities was completely explained 

by the atomic-molecular theory (Furio et al., 2000; Furio et al., 2002; Padilla and 

Furio, 2007).  The atomic - molecular theory put much emphasis on the existence of 

elementary entities when interpreting how substances are formed and restructure in 

chemical reactions. These elementary entities are in huge amounts and very small 

making it difficult to count them directly at microscopic level.  

In 1961 the International Union of Pure and Applied Physics within the field of   

chemical and molecular physics recommended the ‘amount of substance’ as one of the 

basic quantities and the mole, symbol mol as its unit. The union defined the mole as:  

…the amount of substance which contains the same number of molecules 

(or ions, or atoms, or electrons, as the case may be), as there are atoms in 

exactly 12 grams of pure carbon nuclide 12C (Guggenheim, 1986: 2). 

The most abundant isotope carbon – 12 was picked as a standard for the mole concept. 

Experimentally, it was found that 12 grams of carbon-12 contained Avogadro’s 

number of atoms, which is 6.02214084 x 1023 atoms. This Avogadro’s number was 

picked as the standard pack and 12 grams of carbon-12 was called 1 mole of carbon 

atoms. Therefore, any amount of substance that contains the same number of identical 
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particles (atoms, molecules, or ions) as a standard pack is called a mole (Furio et al., 

2000; Furio et al., 2002; Padilla and Furio, 2007; Fang et al., 2014) 

One mole of 
12C

Number of particles 

6.02214084 x 1023

12C atoms

Mass

12 grams

 

Figure 3.1:  Meaning embedded in the definition of the mole 

 Later in 1965 the International Union of Pure and Applied Chemistry (IUPAC) 

adopted almost the same definition: 

A mole is an amount of substance of specified formula, containing the same 

number of formula units (atoms, molecules, ions, electrons, quanta, or other 

entities) as there are in 12 grams (exactly) of the pure nuclide 12 C " 

(Guggenheim, 1986: 3).  

The IUPAC accepted that an ‘amount of substance’ is a different quantity from mass, 

but a measure of fundamental entities and the mole as the unit. Thus, in 1971, the 14th 

Conference on measurements, redefined the definition to precisely link it to the 

fundamental entities, and the International Organisation for Standardization (ISO) 

made a recommendation to include the ‘mole’ in the International System of Units (SI) 

as the basic unit for amount of substance (Pekdag and Azizoglu, 2013). The mole was 

defined as follows:  
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The mole is the amount of substance of a system which contains as many 

elementary entities as there are atoms in 0.012 kilogram of carbon -12. When 

the mole is used, the elementary entities must be specified and may be atoms, 

molecules, ions electrons, other particles, or specified groups of such particles 

(Mills et al., 1993: 70). 

 The mole concept makes it possible to count the elementary entities indirectly at the 

macroscopic level from the masses and volumes of the reacting substances (Furio et 

al., 2002; Pekdag and Azizoglu, 2013; Fang et al., 2014). The Figure 3.2 shows how 

the amount of substance (n) relates to mass (m), volume (V) of gases at specified 

temperature and pressure and the number of elementary entities (N). 

 

amount of substance 

(n)

Mass (m)
Volume (V)

Number of 

elementary entities 

(N)

n =  V /Vmn =  m/M 

n = N/NA

 

Figure 3.2:  The amount of substance in relation to other quantities (Furio et al., 

2002) 

The letter M denotes the molar mass that is the mass of one mole of a substance, Vm 

is the molar volume, the volume of one mole of any gas at room or standard 

temperature and pressure, and NA is the number of elementary entities per mole 

(Avogadro’s constant). These relationships make it possible to count the elementary 

entities indirectly at the macroscopic level from the masses or volumes (gases at 

standard temperature and pressure or room temperature and pressure) of the reacting 

substances.  
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It should be noted that the mole which is the unit for the ‘amount of substance’ was 

introduced before its quantity. The original meaning of the mole, as introduced by 

Ostwald, was related to the mass of a substance. Thus understanding the evolution of 

the meaning of the mole from mass to the unit of the amount of substance, a quantity 

that can be used to count elementary entities, is very important.  This is because the 

introduction of the mole, its evolution and the present use of ‘amount of substance’ 

account for controversy in these concepts and are a source of a lot of confusion among 

teachers and learners. This is because teachers and learners still use the ontological 

meaning of mole given by Ostwald (Furio et al., 2000). The use of the term ‘amount 

of substance’ presents another area for distortion of the mole concept. The common 

use of the term ‘amount’ in English means a collection or mass, especially something 

that cannot be counted and a specific number of units. However, these meanings are 

opposite of the real definition presented by the scientific community.  This is why even 

today there is no complete agreement on the correct name for this quantity. One of the 

alternative names that have been proposed is “chemical quantity” (Mills et al., 1993).  

Padilla and Furio (2007) demands that there is need to have absolute clarity for the 

concept ‘amount of substance’ before proposing an appropriate name to avoid creating 

confusion.  

3.3 Nature of mole concept knowledge 

The mole concept is at three levels of chemistry knowledge namely; macroscopic, 

microscopic and symbolic. The macroscopic level relates to chemical phenomena that 

can be sensed by any one of the five senses (sight, smell, test, hearing and touch). The 

microscopic level involves the nature, properties and movement of particles such as 

molecules, atoms, electrons and ions. The symbolic (representational) level relates to 

symbols (letters for/ of elements names, atomic number, measurable quantities, units 

and constants), formulas, equations, structures, models, mathematical calculations, 

and reaction mechanisms (Sirhan, 2007; Pekdag and Azizoglu, 2013). Chemists use 

symbolic representation to describe the properties, behaviours and structures of 

macroscopic (elements and compounds) and microscopic (molecules, atoms, ions, and 
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electrons). In general, the microscopic and the symbolic interpret the macroscopic 

level.  

It has been pointed out that learners have difficulties in explaining chemical 

phenomena at the microscopic level or learning symbolic level representation, and 

have a general problem with forming meaningful relationships among the three levels 

(Pekdag and Azizoglu, 2013). This is because the theoretical structure of chemistry is 

based to a larger extent at the microscopic level (molecules, atoms, ions and electrons).  

The problem is that all of these entities and their properties are abstract concepts to 

learners and impossible to observe. Taber (2009) and Tumay (2016) point out that 

although learners discuss chemistry at microscopic level, they see the microscopic 

world as a smaller version of their own macroscopic experience, and this is one of the 

sources of difficulties in teaching and learning of chemistry. Take copper as an 

element at the macroscopic level, learners might view copper atoms as the tiny pieces 

of copper. They can therefore attribute properties belonging to macroscopic level to 

microscopic structures. For example, attributing the ability of a substance to freeze, 

expand, melt and being malleable to the atoms. Explaining the freezing of a liquid into 

a solid on the basis of the interaction between molecules is a sign of understanding of 

the relationship between macro and micro-levels. But to say that a molecule has frozen 

would be attributing a macro-level property to a micro – level entity, which would 

render the association meaningless (Pekdag and Azizoglu, 2013).  In case of the mole 

concept it could be inappropriate for a learner to say that the molar mass of Copper 

atom is 64.5 g this is a wrong association of knowledge levels micro – level (atom) is 

used in place of macro-level (element). The correct expression is that, the molar mass 

of element copper is 64.5 g.mol-1 or the mass of 1 mole of copper atoms, not atom, is 

64.5 g. 

Research in chemistry education has revealed that failure by learners to understand the 

emergent nature of chemical entities, their properties, and interaction is one of the 

fundamental sources of learning difficulties and chemical misconceptions (Taber, 

2009; Taber, 2001; Pekdag and Azizoglu 2013; Tumay, 2016). 
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Understanding the relationships among the three levels; macro, micro and 

representation level is therefore, critical in teaching and learning of the mole concept. 

This is because the mole concept connects the macro, symbolic and micro world. 

Pekdag and Azizoglu (2013: 120) point out that “Learning the amount of substance 

concept meaningfully and in-depth is closely dependent on how well teachers and 

textbook authors are able to present the concept in a manner that creates meaningful 

relationships between the three knowledge levels of chemistry.” This means that 

teaching the concepts amount of substance and mole involves teaching the macro level 

alongside both the micro and representational levels.  It is therefore important that 

when teaching the mole concept, the link between these three levels should be 

explicitly taught using approaches that integrate the three levels. The integration 

among these three levels has to be manipulated skilfully for understanding to take 

place. If the association among the three levels is not properly understood and 

integrated it becomes a source of semantic mistakes that lead to distorted view and 

difficulties in the teaching and learning of the mole concept. 

3.3 What research says about teaching and learning of the mole 

concept 

This section reviews some of the studies focused on the following themes in the 

teaching and learning of the mole concept: how text books and teachers unpack the 

meaning of the mole concept, teachers’ mole concept pedagogical content knowledge, 

and learning difficulties of the mole concept. 

3.3.1 How chemistry textbooks and teachers unpack the meaning of the mole 

concept 

There are lot of studies done on teaching and learning of the mole concept in the past 

40 years.  Fang et al. (2014) point out that one of the significant finding to emerge 

from the research in the past four decades is that the way the mole concept is presented 

in educational setting is inconsistent with the meaning of the mole expressed in the SI 

definition. A study by Stromdahl et al. (1994) is one of those studies that had 

contributed to this significant finding. The finding of this study was that, alternative 

descriptions of the mole exist in chemistry education and that most of them are 
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inconsistent with the SI definition. In their study, they interviewed 28 chemistry 

educators, teachers, lecturers and textbook authors. They found that only 2 chemistry 

educators gave a definition that was consistent with the SI definition. The rest had 

alternative definitions that were used depending on the problem they encountered. And 

the students’ conceptions mirrored the chemistry educators’ definitions.  Most of the 

students defined the mole either as Avogadro’s number or as mass. The educators were 

able to switch easily between different descriptions of the mole in a professional 

manner. However, learners were confused when it was appropriate to switch from one 

definition to another. 

The findings by Furio et al. (2000) resonate the above findings. In their study, Furio 

and others sought to find out teachers’ ideas about the amount of substance and the 

mole, and how chemistry text books published between 1976 and 1996 presented the 

mole concept. The study sample comprised 36 secondary education trainee teachers, 

47 serving secondary school teachers and 6 university professors. A questionnaire and 

an interview were used to find out the teachers ‘and professors’ ideas about the amount 

of substance and the mole. The interview was used as a follow up to the questionnaire 

to gain insights about the respondents’ ideas about the amount of substance expressed 

in the questionnaire. The research was done in 8 stages. Stage 1 of the study used items 

in the questionnaire to determine which of the three; mass, volume and number of 

elementary entities, the amount of substance was associated to.  Stage 2 of the study 

analysed how text books introduced the amount of substance. This was followed by 

the interviews to determine what meaning was attributed to the quantity amount of 

substance, as stage 3 of the study. Stages 4 and 5 sought to identify any epistemology 

and didactic deficiencies in the usual teaching of the mole concept as part B of the 

study. Part C of the study had stages 6, 7 and 8, whose focus was to find out whether 

or not there were misconceptions in the way text books and teachers presented the 

mole concept.   

The findings revealed that 44.4 % of the trainee teachers associated the amount of 

substance with an atomistic qualitative idea, while 38.9% associated the concept to 

mass.   Analysis of the text books showed that more than 95% of the books reviewed 
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did not explicitly introduce the amount of substance as a quantity and the mole as its 

unit. In some books the amount of substance was associated with the generic 

expression amount of matter which is mass and the meaning of the mole was attributed 

to number of elementary entities. The fundamental quantity amount of substance was 

not considered as an objective of teaching in chemistry text books. Instead the 

expression ‘the number of moles’ was used in place of the fundamental quantity.  Most 

text books did not make any attempt to discuss or comment on the origin and evolution 

of the mole concept. Only 31% of the text books made reference to the general problem 

the introduction of the mole concept tried to solve in the 19th century. This presents a 

non–historical and problematic vision of science when introducing the mole concept. 

The study also found that 50% of the text books reviewed introduced the mole concept 

wrongly attributing its meaning to chemical mass or number of elementary entities. 

These misconceptions were also common among teachers, only 10.6% of the teachers 

identified the mole as a unit of the quantity ‘amount of substance’.  

Another study by Padilla and Furio (2007) analysed how 30 general chemistry text 

books presented the mole concept. The books were used for teaching in colleges and 

universities, and they were of international prestige. The objectives of this research 

were to: find out if the textbooks explained the historical and a problematic chemistry 

view when introducing the mole concept; determine the textbooks’ mistakes on the 

mole concept; find out if the concept ‘amount of substance’ was introduced in 

textbooks; and to establish whether or not the chemical equivalent concept was still 

being introduced in the text books.  

The findings of this study also affirmed that the way the mole concept was presented 

within science education was inconsistent with its meaning within the scientific 

domain, and suffered epistemological and ontological deficiencies.   They found out 

that 93% of the books did not make any comment on the origin and evolution of the 

mole concept, not even the crisis that the atomic theory had to overcome during the 

19th century. Hence no book made comment on the reasons why the scientific 

community introduced the amount of substance and the significance of the quantity in 

chemistry.  All the books (100%) did not mention that there were two paradigms in 



 

41 
 

the 19th century which were in conflict in trying to solve this problem of quantitative 

analysis of chemical reactions.  The results also revealed that textbooks presented a 

variety of descriptions of the mole concept which had mistakes.  More than 90% of 

the textbooks’ definition of the mole was inconsistent with the IUPAC SI definition: 

The findings showed that, 33% associated the mole with molar mass; 27% identified 

the mole with molar volume of gases and 93% explicitly identified the mole concept 

with Avogadro’s number of particles. Only 7% of the books presented the correct 

description of the mole concept. The amount of substance was not discussed as a 

chemical quantity and the mole as its quantity. Only 20% of the books made reference 

to the amount of substance as a fundamental magnitude. While percent 37% of the 

books still introduced the chemical equivalent concept, particularly on acid-base and 

redox titrations without taking into account that this concept has changed. 

A study by Pekdag and Azizoglu (2013) also analysed how 15 text books in three 

different countries, United States, France and Turkey, presented the mole concept. The 

study provided a different perspective of understanding of mistakes and difficulties in 

the teaching and learning of the mole concept. Unlike the above reviewed studies, the 

review of the text books published in these three countries focused on semantics 

mistakes and didactic difficulties in teaching the ‘amount of substance’ concept and 

development of useful models to help teachers in the presentation of the concept.  

Semantics deals with meaning, the structure of meaning and the changes of meaning 

overtime. Meaning is the mental association formed by verbal or written expression. 

Language provides scientists with the opportunity to form associations between claims 

and proofs in order to develop scientific theories, evaluate scientific assertions, create 

new knowledge, and use language to communicate and disseminate scientific research 

(Yora et al., 2004; Seah et al., 2011). Therefore, the manner in which a concept is 

expressed is of the greatest importance for its meaning to be accurately and 

scientifically created. The study investigated the manner in which the mole concept 

was expressed, by looking at missing concepts, the use of concepts and their 

association within the three knowledge levels of the mole concept. According to 

Pekdag and Azizoglu (2013) learners can only attain in depth learning of a concept 
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and phenomena in chemistry if they can form meaningful relationships between levels 

of chemistry knowledge, microscopic, macroscopic and symbolic level. The correct 

associations of these knowledge levels in the multiple meanings embedded in the 

conceptual network of the mole concept definition is critical in the effective teaching 

and learning of the mole concept.  

Didactic transposition is the complete transition of scientific knowledge from 

scientific domain to something that can be taught and learned. According to 

Chevallard (1989) didactic transposition involves the transformation of scholarly 

knowledge via knowledge to be taught and the actual knowledge taught to learnt 

knowledge. This implies that there is a difference between knowledge constructed by 

scientists and knowledge learned in school. Thus, the role of teachers and textbook 

authors is to transform the scientific concepts as constructed within the scientific 

domain into forms that can be taught and learned in school without changing meaning 

of the concepts.  It is difficult to teach scientific knowledge in the form it was 

constructed   by the scientist; teachers need to filter down the scientific knowledge so 

that it is appropriate to the learners’ age, level, learning difficulties and needs (Pekdag 

and Azizoglu, 2013). Teachers use unique knowledge, PCK, to transform the concepts 

into the form that can be understood by learners (Shulman, 1986, 1987). According to 

Pekdag and Azizoglu (2013) the didactic transposition process has the following three 

stages: 

1) Transformation of the scientific knowledge into knowledge that can be taught;  

2) The transformation of knowledge from the one to be taught into knowledge that 

can be learned; and 

3) The taught knowledge is transformed into assimilated knowledge. 

The first stage is done by academic institutions which transform the knowledge to be 

taught in schools by first delineating its boarders followed by the process of 

reorganisation. The second stage is performed by teachers through the use of 

classroom activities to transpose the knowledge in the curriculum and textbooks, into 

knowledge that can be presented to learners. Teachers’ PCK is critical at this stage. 

The last stage is performed by learners; they must interpret the knowledge taught in 
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school in order to integrate the new with prior knowledge. The information must be 

reorganised and transformed into unique and comprehensible form through mental 

processes. The unsuitable didactic transposition of scientific knowledge to be taught 

causes learning difficulties (Pekdag and Azizoglu, 2013). 

According to Pekdag and Azizoglu (2013: 118) the System of International Units (SI) 

definition of the mole concept conveys the following meanings or information. 

1) The mole is the amount of a system which contains as many elementary entities 

as there are atoms in 0.012 Kilograms of carbon 12; its symbol is ‘mol’. 

2) When the mole is used the elementary entities must be specified and may be 

atoms, molecules, ion, electrons, other particles, or specified groups of such 

particles. 

3) The mole is a base unit of the international System of Units.  

Their study examined the didactic transposition difficulties and semantic mistakes in 

textbooks in the presentation of the above meanings embedded in the SI definition of 

the mole concepts. 

The SI definition indicates that mole concept has both a quantitative nature and 

conceptual nature. Research in science education has shown that learners understand 

the quantitative nature but not its meaning and significance in chemistry (Pekdag and 

Azizoglu, 2013). Claesgens and Stacy (2003) point out that in order for learners to 

understand the conceptual nature of the mole concept they must be able to manipulate 

and perceive the macroscopic world they see in reality as numbers and associate this 

with the world of particles.  

The study found out that the semantic mistakes in the presentation of the amount of 

substance concept in chemistry books stemmed from: 

1) Missing concepts; the expression in textbooks missed some concepts at the 

macroscopic, microscopic and symbolic level. Below is an example of an 

expression with semantic mistakes due to the missing of a concepts at 

macroscopic and microscopic level  



 

44 
 

The wrong expression 

“How many grams is 0.25 mol Au?” 

The correct expression is; 

“What is the mass in grams in 0.25mol Au atoms?” 

The missing concepts are mass, at macro level, and atoms, at the micro level. Mass 

is the quantity which is being sought which can be measured and experienced by 

learners. A mole always refers to microscopic concepts; the atom concept is 

missing in the expression.  According to the SI definition whenever the mole is 

used the elementary entities must be specified. There must be association between 

the mole and microscopic form of a substance. 

2) The semantic mistakes due to the inappropriate and mismatching of concepts. The 

inappropriate expressions stemmed from the use of knowledge at the incorrect 

level resulting in the inappropriate association of knowledge levels. Textbooks 

used inappropriate expression like,  

‘1 mole of hydrogen gas’ 

The mistake is due to the incorrect use of knowledge level, hydrogen gas which 

is at macro level is used in place hydrogen molecules, which is at the micro 

knowledge level. The correct expression is; 

‘1 mole of hydrogen molecules’ 

According to IUPAC the second statement of the SI definition of the mole states 

that elementary particles should be specified when the mole is used. However, 

their findings show that definition of the mole in chemistry text books contain 

expression that associate the mole with the macroscopic form (element, 

compound, gas) of substances. Text books had a lot of semantic mistakes due to 

mismatch of concepts. Below are some of the examples of such expressions; 

i. Molar mass MA corresponds to one mole, 

ii. 1 mol represents 6.02x1023 particles,  

The first expression presents a mismatch that; amount of substance (n) = molar 

mass (MA.) 

The correct expression should be; 

The mass of one mole atoms or molecules of a substance is called molar mass 
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The second expression formulates a mismatch that; amount of substance (n) = 

Avogadro’s number (NA) 

The correct expression is;  

The amount of substance is proportional to the number of elementary entities of 

a substance and the proportionality factor is Avogadro’s constant n- N/NA  

3) The use of the term ‘number of moles’. Textbooks used this expression in place 

of the chemical quantity ‘amount of substance’ for example; 

The relationship between the number of moles and the mass of a substance is 

given by n=m/MA  

This is designated as inappropriate expression, according to IUPAC the correct 

expression should be; 

The amount of substance (n) and the mass (m) of a substance are related via molar 

mass (MA), n = m/MA 

Pekdag and Azizoglu (2013) argue that although the use of ‘number of moles’ 

seems to be pedagogically correct, it is meaningless to define the amount of 

substance in terms of ‘the number of moles’ just as it is not correct to express 

mass in terms of the number of kilograms. The question that still needs to be 

answered is why do teachers and scholars use the number of moles instead of the 

quantity ‘amount of substance’? This study discusses this aspect in the last section 

of literatures review. 

4) The use of the ‘amount of substance as equivalent to mass, Avogadro’s constant, 

molar mass and molar volume. Text books used the following expressions which 

creates a mismatch and equates the amount of substance to mass, Avogadro’s 

constant, molar mass and molar volume. 

Molar mass or molar volume or Avogadro’s constant corresponds to one mole. 

     12 g of carbon element corresponds to one mole. 

It is scientifically correct to say that the mass of one mole of atoms or molecules 

of a substance is called molar mass. Or the volume of one mole of molecules of 

any gas at specified temperature and pressure is called molar volume. 
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Pekdag and Azizoglu (2013) pointed that the semantic mistakes are not only 

capable of obstructing learners’ scientific understanding of the quantity ‘amount 

of substance’ and its unit the mole, but also have the potential to creating 

misconceptions and didactic difficulties in the presentation of the mole concept.  

One of the major evidence of the didactic difficulties in chemistry text books was 

the use of expressions that associated the amount of substance with more than one 

physical quantity. Examples of such expressions were; 

 In general, the molar mass, MA, in grams per mole, is generally equal to the 

formula mass. This expression associates n (amount of substance) MA, (molar 

mass) and to a.m.u (atomic mass unit). 

 A mole represents not only a specific number of particles but also a definite 

mass of a substance. The quantity n is associated to NA (Avogadro's constant) 

and m (mass). 

 A mole contains as many particles as Avogadro’s number and has a mass in 

grams numerically equal to formula mass of a substance. Here the amount of 

substances is associated to Avogadro’s constant (NA), mass (m) and relative 

molecular mass of a substance (MA). 

The association of the quantity ‘amount of substance in the same sentence 

simultaneously with so many other quantities makes the comprehension of the concept 

so difficulty and should be avoided. Pekdag and Azizoglu (2013: 125) points out that 

“unless one has very clear understanding of what the chemical definition of ‘amount 

of substance’ is, the term is likely to be confusing to learners who are apt to think of 

it as referring to mass, volume, or number of individual pieces.” The use of the phrase 

‘number of moles’ in text books when describing or asking questions about the amount 

of substance stem from lack of clear understanding of the quantity and inadequate 

emphasis on the fact that the mole is the SI unit for amount of substance. The analysis 

of textbooks showed that the association of mass to the amount of substance indicated 

that chemistry text books still use the ontological meaning of the mole given by 

Ostwald within the equivalent paradigm (Padilla and Furio, 2008).   
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According to Pekdag and Azizoglu (2013), the difficulties in teaching the mole 

concept lies in the fact that the concept ‘amount of substance’ has been incorrectly 

associated to the concept at macroscopic, microscopic and symbolic knowledge levels. 

Thus the study developed useful models for teaching the amount of substance. The 

models are a guide to correct association of the amount of substance to concepts and 

quantities at the three energy levels.  Correct association of the amount of substance 

with the three knowledge levels is necessary for conceptual understanding of the mole 

concept. Thus the following three models developed by Pekdag and Azizoglu (2013) 

are useful in the teaching of the mole concept. 

Model 1: Model for teaching the amount of substance concept in terms of 

semantics 

MODEL 1

Mole

+

Microscopic  Level

•Atom

•Ion

•Molecule

•Formula unit

•Electron

•Proton

•neutron

 

Figure 3.3:  Correct association between the amount of substance and 

microscopic knowledge level (Pekdag and Azizoglu 2013: 124) 

The model gives a guide based on the SI definition of the mole that is semantically 

and scientifically correct that when a mole is used it should be associated with 

microscopic knowledge level. The elementally entities must be specified when the 

mole is used. 
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Model 2: Model for teaching the amount of substance concept when mass and 

volume quantities are being used 

MODEL 2

Mole

+

Microscopic  

Level

•Atom

•Ion

•Molecule

•Formula 

unit

•Electron

•Proton

•neutron

= +

Symbolic Level

Volume 

(L, mL e.t.c)

Mass 

(Kg, g, mg.e.t.c)

Macroscopic 

Level

•Gaseous

•Liquid

•Solid

•Element

•Compound

 

Figure 3.4: Correct association of the amount of substance with physical 

quantities and macroscopic concepts ((Pekdag and Azizoglu 2013: 124) 

Model 2 can be applied to expressions where physical quantities such as mass and 

volume are being used. It shows how the amount of substance can be correctly 

associated with knowledge pertaining to the symbolic and macroscopic levels in terms 

of semantics. An example of correct association is  

1 mole H2O molecules = 18 g compound H2O(l) 
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Model 3: Model for teaching the amount of substance concept when the number 

of particles is being used. 

MODEL 3

Mole

+

Microscopic  

Level

•Atom

•Ion

•Molecule

•Formula 

unit

•Electron

•Proton

•neutron

= +

Symbolic Level

 The number 

of particles

•Atom

•Ion

•Molecule

•Formula 

unit

•Electron

•Proton

•neutron

Microscopic  

Level

 

Figure 3.5:  Correct association of the amount of substance with the number of 

particles and microscopic concepts ((Pekdag and Azizoglu 2013: 125) 

The last model shows the correct association of the amount of substance concept with 

the number of particles. The correct example of this association is;  

1 mole Be atoms = 6.022x 1023 Be atoms. 

These models show that using semantically correct definitions and explanations in 

chemistry textbooks and chemistry lessons are of the greatest importance for 

meaningful teaching and learning of the mole concept. 

It is evident from the above discussion that most of the studies on mole concept have 

confirmed that various descriptions of the mole concept exist in chemistry education. 

Most of the descriptions are not consistent with the SI definition of the concept and 

lack the historical and social context.  Teachers and learners have conceptual 

difficulties in teaching and learning the concept. However, the current paper by Fang 

et al. (2014) questioned the assumption that the benchmark of good understanding of 

the meaning of the mole concept lies in the mastering of the SI definition. The 

fundamental question for this paper was “Can the SI of the mole on its own lead 

students to form a meaningful conceptual understanding of the mole?”  (Fang et al., 

2014: 351). The paper first tried to explain the meaning embedded in the SI definition 
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of the mole and then tried to answer the above fundamental question using the concept 

map which they developed for the conceptual understanding of the mole concept. They 

stated the meaning embedded in the SI definition of the mole as follows; 

One mole is an amount of substance, and this amount is defined by what can be 

called “a standard pack” the standard pack is the number of 12C atoms in 12 g of 12C, 

that is, Avogadro’s constant, NA.  Therefore, any sample of any substance that 

contains the same number of identical particles (atoms, molecules, or ions) as the 

standard pack is called one mole (2014: 351). 

Fang et al. (2014) explained that there are two meanings subsumed in the standard 

pack. The first one is that the standard pack represents the number of atoms 

(microscopic particles). The second meaning is that the standard pack is linked to 

mass.  In the case of 12C the standard pack weighs 12 g. The binary meaning serves as 

a bridge, connecting the number of particles at microscopic level and the mass at the 

macroscopic level. This binary meaning is fundamental to the mole concept and to its 

use in stoichiometry. It enables us to use the masses of substances to ensure the correct 

ratio of particles participating in a chemical reaction. 

However, Fang et al. (2014) observed that the SI definition does not tell us how one 

mole of other isotopes in different states can be worked out or related, it does not say 

how designation of one mole in terms of 12 g of  12 C  enables arithmetical calculation 

in stoichiometry in relation to substances other than 12 C . The SI definition fails to 

bring out the ideas that link the atomic-molecular concept to the mole concept. It also 

lacks clarity over the meaning of the amount of substance (Furio’ et al., 2000; Padilla 

and Furio, 2007; Fang et al., 2014). This has led many authors to propose for the use 

of appropriate term to replace the amount of substance to avoid confusions in the 

understanding of the concept (Padilla and Furio, 2007; Fang et al., 2014). In view of 

these observations the paper concluded that the SI definition of the mole is not the 

most effective and appropriate instructional presentation of the concept, and proposed 

the following concept map for the conceptual understanding of the mole concept.  
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Figure 3.6:  Concept map for conceptual understanding of the mole concept 

(Fang et al.,  2014: 351) 

The concept map brings out how the atomic-molecular theory connects to the mole 

concept through the two linking ideas. The first linking idea is the understanding of 

how one atom or molecule links to the mole concept.  The second one is the linking 

of relative atomic or molecular mass to the mole concept. The idea of aggregating or 

accumulating of atoms or molecules from a single entity to one mole namely 6.02 x 

1023 entities seems to be straightforward. However, Fang et al. (2014: 354) point out 

that “the idea of aggregating atoms and molecules to a standard pack cannot on its own 

explain why the number 6.02 x 1023 is used, or what this number has to do with the 

number of atoms in 12 g of 12C.” The point to be noted is that it was experimentally 

determined that 12 g of 12C contained 6.02 x 1023 atoms. Thus the number aspect of 

the definition of the mole concepts also links indirectly to mass. For this idea to be 

understood, the experimental methods for determining this number has to be described 

and explained. 

The second linking idea explains how relative atomic mass, as underlying concept, 

linking the mass of one atom to the mass of a standard pack.   To start with carbon -

12 isotope is taken as a standard for measuring the masses of atoms and molecules. 

The atomic mass unit (symbol u) is used as a unit to express the masses of atoms and 

molecules. One unified atomic mass unit (1 u) is defined as one – twelfth of the mass 

One Atom or 

Molecule 

Relative Atomic or 

Molecular mass 

Number of 

elementary 

entities  

 

Mass  

Amount of 

substance  

Linking idea 

Linking idea 

 Atomic – molecular 

theory 
Mole concept 
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of one 12C atom in its ground state. Therefore, the atomic mass for 12C is exactly 12 u 

and the mass one mole of 12C atoms (6.02x1023 atoms) is 12 g.  According to Fang et 

al. (2014), it is possible to deduce the mass of one mole of other elements, based on 

this scale and the definition of one mole. The key point to note is that when the 

amounts of two elements have the same number of atoms, the mass ratio of these two 

amounts will be the same as the ratio of their atomic masses. For example, the atomic 

mass of 16O is 15.9949 u. Provided that the amounts of   12C and16O have the same 

number of atoms; the ratio of their total masses will be 12 to 15.9949. Now one mole 

of 12C weighs 12 g thus the mass of one mole of 16O has a mass of 15. 9949 g. 

It is important to note that chemists do not deal with one isotope of a given element; 

they deal with a huge number of atoms and molecules consisting of a mixture of 

isotopes. Relative atomic masses are used as opposed to atomic masses. The IUPAC 

defines relative atomic mass (Ar) as “the ratio of the average mass of the atom to the 

unified atomic mass unit.” The average mass means the average of all atomic masses 

of all the isotopes of an element, weighted by isotopic abundance. These average 

atomic masses of atoms of elements are compared with one twelfth of the mass of 12C 

atom, which is 1u, thus relative atomic masses of elements have no units because they 

are ratios.   The relative atomic mass of carbon (C) is 12.01 (12.01 u/ 1u = 12.01) and 

the relative atomic mass of oxygen (O) is 16.00 (16.00 u/1u = 16.00). Since the atomic 

masses are based on 12C scale, its derivative the relative atomic mass can also be based 

on this scale. Consequently, we have the proportional relationships between relative 

atomic mass and molar mass. The relative atomic mass of carbon C is 12.01 and its 

molar mass is 12.01 g/mol and it follows that one mole of oxygen atoms with relative 

atomic mass 16.00 has molar mass 16.00 g/mol. Molecules and formula units of 

compounds consist of atoms thus this idea is extended to molecules and formula units 

of compounds. Relative molecular mass is therefore the sum total of all the relative 

atomic masses of all atoms present in a molecule or compound. For this reason, there 

is a connection between molar masses of compounds and their relative molecular 

masses. Thus one mole of atoms or molecules of an element or compound has a 

numerical value for its molar mass in grams that is identical to its relative atomic mass 

or molecule (Fang et al., 2014). 
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The concept map represents the concepts relevant to the mole concept and their 

relationships. It goes beyond the SI definition of the mole and the mathematical 

relationships such as, n = N/NA or n = m/M, to provide an adequate base for sound 

understanding of the mole concept. The two linking ideas indicated in the concept map 

are essential for understanding both the quantitative and conceptual nature of the mole 

concept (Fang et al., 2014).  

3.3.2 Mole concept Pedagogical Content Knowledge 

A lot of studies have been done on PCK focusing on the following themes; 

development of PCK in pre-service teacher education programmers (De Jong et al., 

2005; Faikhamta et al., 2009), place of SMK (Content Knowledge) in topic specific 

PCK (Sanders et al., 1993; Childs and McNicholl, 2007; Rollnick et al., 2008), and 

methods of eliciting PCK in various topics (Loughran et al., 2004; Loughran et al., 

2006; Mavhunga and Rollnick, 2013).  These are just examples of some of the many 

studies done on PCK. However, there seems to be only a few studies done on mole 

concept PCK in literature. Thus this study reviewed only two studies done by Rollnick 

et al. (2008) and Padilla et al. (2008) on mole concept PCK. Most of these studies 

employed multiple established data collection methods and novel rubrics.  The 

established data collection methods used include questionnaires, interviews, class 

room observations and focus group discussions. The most used novel rubric 

instrument is the Content Representations (CoRes) and Pedagogical and Professional- 

experience Repertoires (PaP-eRs). 

 Rollnick et al. (2008) explored the place of CK in PCK for South African teachers 

teaching the amount of substances and chemical equilibrium.  While Padilla et al. 

(2008) focused on documenting the PCK of the university professors in general 

chemistry for the topic ‘amount of substance’.   

Rollnick et al. (2008) used a multiple data collection instruments; interview, 

observation and discussion. The teachers were interviewed before and after lesson 

observations. Teachers resources such as text books, teaching and learning materials, 

tests, and past examination papers used in the preparation of their lessons were 

examined. The interview before the lesson probed their understanding of each topic as 
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well as their planning strategies, explanations, and resource used in their lessons. In 

case of the mole concept case study, teachers were exposed to a short workshop before 

the lessons were observed. The discussion explored possible strategies for teaching 

the mole, emphasising on conceptual rather than procedural approaches.  The aim of 

the workshop was to provide teachers with a variety of practical ideas of portraying 

the meaning of the mole.  The lessons were videotaped, complimented by field notes 

enriched by audio recording of the post interviews focused on stimulating their 

reflections on the lesson. The teachers’ Mole concept PCK was captured using the 

CoRes and PaP-eRs. At the same time these tools were used as methodological tools 

to assist in the analysis of data and hence represent their construction of what they 

observed from the various data sources used in the study. The teachers’ mole concept 

CK was captured through diagnostic questions. The questions explored how the 

teachers defined the mole. The data obtained was analysed and discussed in the 

following categories of transformation of CK; curriculum saliency, subject matter 

representation and topic – specific instructional strategies.  

 The study found that teachers’ understanding of the mole was inconsistent with the 

SI definition of the mole, teachers considered the mole as a number. One of the 

teachers expressed her understanding of the mole as follows;  

A mole to me is a counting unit. It is just a number and in their textbooks it is 

explained as a quantity of matter containing exactly the same number of 

elementary particles of which it is a knowledge I also use.  

 Lack of conceptual understanding of the mole concept negatively affected the 

teachers’ mole concept PCK. The teachers’ curriculum saliency knowledge 

component of mole concept PCK was weak as they considered memorisation of 

definition and procedural aspects of the mole as important skill for their learners. 

Teachers emphasised the need for their learners to master and memories formulas in 

text books because the examiners use the same books to set examinations.  Their CK 

representation was very weak, teachers used analogies but they did not try to link them 

to calculations. They quickly moved to using formulas without developing the concept 

using the analogies. The topic (mole concept) – specific instructional strategies were 
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also very weak.  Although there were some differences in the topic – specific strategies 

used by the two teachers, there was some level of commonality among them. Both 

teachers held similar conceptions of the mole, as equivalent to Avogadro’s number, 

yet this did not emerge important conception. Teachers began with an attempt at 

conceptualisation of the mole, before moving on to series of exercises involving the 

use of formula-driven calculations. They did not attempt to connect the conceptual 

understanding to calculation; the exercise did not attempt to measure the learners’ 

conceptualisation of the mole. The calculation exercises did not demand any thinking 

beyond the mechanical application of the formula. The teachers’ lack of conceptual 

understanding of the mole concept was confirmed by the learners ‘difficulties in the 

perception of the mole. Although teachers used some vernacular language to try to get 

learners to understand the underlying concepts it did not help much. Their own 

reflections on the lessons revealed that teachers themselves were disappointed with 

the way they presented the concepts (Rollnick et al., 2008). 

The analysis of the CoRes for the two teachers revealed that teachers taught the two 

big ideas, conceptualising a fixed large number of particles and use of the mole to 

calculate reacting quantities in reactions, separately.  According to Rollnick et al. 

(2008), the failure to link these two big ideas by the teachers suggest that one or more 

of the knowledge domains was not sufficiently in place to allow a PCK – rich unified 

approach to teach the mole concept. Teachers demonstrated to have some classroom 

experience and showed a good understanding of their learners’ context as well as the 

ability to develop teaching procedures. The difficulties appeared to stem from their 

understanding of the content. This assertion was supported by the teachers’ reliance 

on algorithms and lack of capacity to provide additional challenging learning 

experiences that tests learners’ conceptual understanding of the mole concept. This 

resonates with findings of other studies done on the place of CK in PCK (Sanders et 

al., 1993; Guess-Newsome, 1999a; Childs and McNicholl, 2007). 

In their study Padilla et al (2008) sought to derive the CoRes of the college professors’ 

and examined their content representation against the five zones of Mortimer’s (1995) 

Conceptual Profile Model (CPM) to evaluate the way in which participants structured 
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their knowledge of the topic ‘amount of substance. The modified CoRes questions 

addressed the following five components of the PCK model as proposed by 

Magnusson et al. (1999):  

a) Orientation towards science teaching 

b) Knowledge and beliefs about science curriculum 

c) Knowledge and beliefs’ about students’ understanding of specific science topics 

d) Knowledge and beliefs about assessment in science 

e) Knowledge and beliefs about instructional strategies for teaching science. 

The CoRes prompts and PaP-eRs were used as the methodological tools to develop 

and document the professors’ own vision on how to teach the topic of amount of 

substance. The study also used specific attributes of the CoRes prompts to elucidate 

the participants’ understanding of the topic amount of substances by identifying the 

central ideas for conceptual understanding of the topic.  The term central ideas were 

used to mean the big ideas of a CoRes and captures participants’ views of the major 

aspects of the topic on which conceptualisation of that content is based. After 

discussions, the following were identified as the central ideas: 

 Fundamental quantities of the international system of units: amount of substance; 

 relative atomic mass; 

 mole, the unit of amount of substance; 

 molar mass; 

 Avogadro’s hypothesis and molar volume; and  

 number of elementary entities and Avogadro’s constant. 

The professors were then interviewed using the CoRes questions to ascertain how they 

helped their students understand the identified big ideas and how they assessed their 

students’ understanding.   The responses were used to explore the nature of their PCK, 

its underpinnings and reason for the way it was conceptualised and actualised in 

practice. In order to gain access to this tacit knowledge of practice the professors 

CoRes and PaP-eRs were analysed using the Mortimer’s Conceptual Profile Model 

(CPM). According to Mortimer (1995) the conceptual profile model represents an   
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individual system of forms of thought. The conceptual profiles describe different 

routes to one concept. It means that people may have different conceptual profiles to 

one concept depending on their personal philosophy, beliefs, experiences, and cultural 

background. The CPM suggests that there may be different ways of thinking in a 

specific domain, each one represented by a conceptual profile zone, ranging from 

common sense ideas to scientific ideas. Learning science does not involve the 

replacement of common sense- ideas by the scientific ideas but rather a slow and 

progressive change from one conceptual profile zone to another which involves 

development of a more complex level of knowledge of each (Padilla et al., 2008). The 

following conceptual profile zones about the topic amount of substance were 

identified.  

a) Perceptive/ intuitive zone: includes ideas about the amount of substance that 

corresponds to immediate impressions, sensations and intuitions lacking 

structure or systematisation. The ideas that result from subjective and personal 

reflection are included in this zone because they constitute simple, everyday life 

experience. The analogy of the chemists dozen belongs to this zone because of 

its simplicity. 

b) Empiricist: Constitute the ideas about the amount of substance that are 

determined objectively and precisely by the use of empirical scales, such as the 

mass or volume of a definite quantity of a substance. Amount of substance may 

be better understood by learners by means of the determination of either the 

molar mass or the molar volume, as both concepts are closer to their everyday 

perception, evidently macroscopic in nature. 

c) Formalist: This zone is characterised by the use of algorithms and mathematical 

formulae as analytical tools applied without conceptual understanding of the 

relationship involved. The mole in this zone is mainly used to perform 

stoichiometric calculations without an understanding of what the corresponding 

quantity represents. 
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d) Rationalist: encompasses ideas about the amount of substance at the atomic -

molecular level. This understanding is fundamentally built around the 

microscopic view of amount of substance expressed in terms of number of 

elementary entities without taking into account the macroscopic understanding 

of the concept. 

e) Formal rationalist: The ideas in this zone constitute a conceptual network about 

amount of substance. In this network aspects of macroscopic measurements, 

mass and volume, are linked to the counting of a certain number of intangible 

entities. The zone sustains a coherent and balanced relationship between the 

macroscopic and microscopic levels of explanation. The formal rationalist zone 

implies that an accepted model of amount of substance has been acquired. 

The analysis of the professors CoRes involved the classification of their responses into 

the above five zones. The results revealed that there were at least two opposing ways 

to teach the topic amount of substance. That is from the equivalentist to atomistic 

paradigm resonating the findings of other studies on the teaching of the mole concept 

(Furio et al., 2000).  Two professors’ exhibited the equivalentist paradigm, with 

empiricist way of thinking that relative atomic masses provide the same number of 

particles for any two samples of different substance.  These professors sought to teach 

the amount of substance through concepts such as mass, volume, and others associated 

with this perception. There was no mention of the concepts at the nano scale as it was 

the case with Ostwald’s definition of ‘mole, or use of Avogadro’s constant. The 

atomistic paradigm was portrayed by one of professor representing the formal 

rationalist conceptual profile zone. The professor perceived the amount of substance 

as based on fundamentally on counting microscopic entities based on measurements 

of mass in the macroscopic world. Then the two professors demonstrated a tendency 

of empiricist with some shade of the formalist and rationalist zones. 

The reviewed studies on mole concept PCK indicate that educators, be it teachers, or 

college and university professors, struggle to develop a sound PCK due to inadequate 

conceptual understanding of the mole concept within the formal rationalist conceptual 

zone.  The understanding of the network aspects of how macroscopic measurements, 
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mass and volume, are linked to the counting of a certain number of intangible entities. 

This supports the position by so many scholars that CK is a precursor for the 

development of strong TSPCK (Sanders et al., 1993; Rollnick et al., 2008; Kind, 

2009).  The implication of these finding is that in order to assess or elucidated teachers’ 

PCK an attempt should be made to determine or understand their topic content 

knowledge. The studies have also illustrated that the CoRes and PaP-eRs are critical 

data collection and analytical tools in the assessment of PCK. 

3.3.3 Learning difficulties of the mole concept 

 Learning difficulties of the mole concept have been reported in numerous studies 

(Ngoh Khang and Lian Sai, 1987; Boujaoude and Barakat, 2000; Furio et al., 2002; 

Padilla and Furio, 2007; Pekdag and Azizoglu, 2013; Fang et al., 2014).  Most of these 

studies used tests to study the learning difficulties faced by learners in understanding 

the mole concept.  

 A study by Ngoh Khang and Lian Sai (1987) carried in Singapore used the relevant 

test results from the Second International Science Study and the local General 

Certificate Examinations ‘O’ level chemistry papers to show some difficulties faced 

by Singapore students in understanding the mole concept. The chemistry papers 

consisted of 40 multiple choice questions from two consecutive years, 1982 and 1983, 

and the total number of candidates were 474 and 342 respectively. According to this 

study, the ‘mole concept’ in chemistry covered the following components; the concept 

of number of moles, the relationship between mole and other physical quantities and 

the quantitative relationships among particles taking part in a chemical reaction. Thus 

in the analysis and discussion of results the test items were presented according to the 

following themes: 

 Mole quantities; 

 Empirical/ molecular Formulae; 

 Calculations from equation; 

 Concentrations expressed in mol/dm3; and 

 Reactions involving concentrations. 
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The analysis of students’ responses to the test items under each of the above themes 

showed that common problems in learning the mole concept were identified to be 

associated to the lack of one or more of the following: 

a) Awareness of the correct association of the number of particles and mole to 

mass. This finding is what the study by Pekdag and Azizoglu (2013) discussed 

earlier, referred to as sematic mistakes in the teaching and learning of the mole 

concept.  Learners associated number of moles with the mass of a particular 

substance in direct proportional manner. According to Ngoh Khang and 

Lian Sai (1987) this is one of the students’ misconceptions and pause a challenge 

in understanding mole quantities. Indicating that learners had the equivalentist 

view of the mole concept (Furio et al., 2002). Tullberg et al. (1994) also found 

that secondary school students have misconceptions about mass, volume, mole, 

number of particles, and relationships between these concepts. It becomes very 

difficult to manipulate data mathematically without making important scientific 

assumptions. 

b) Understanding of the process for finding empirical /molecular formulae.  The 

challenge here was that learners did not really understand the meaning of mole 

and the process for deducing the formula from the percentage composition by 

mass of constituents of a compound. The other problem is that students just 

follow a pattern of determining the empirical formula without thinking in terms 

of moles. 

c) Ability to follow the actual stoichiometric relationship rather than blindly 

applying the 1:1 stoichiometric ratio.   Students did not clearly understand the 

meaning of relationship between the stoichiometric coefficients and moles in a 

balanced chemical equation. 

d) Awareness of the relationship between mole and concentration in mol/dm3 and 

application of the concept of concentration in mol/dm3 to solve problems 

involving reactions in solutions. When the concepts of mole and volume were 
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merged together, learners encountered difficulties in understanding this 

relationship and applying it to solve problems involving concentrations 

expressed in mol/dm3. The challenge here was that these kinds of problems 

involve more than one calculation stage. They found it difficult to track the 

moles in those stages because they did not quite understand the relationship 

among mole, volume and concentrations and hence failed to think in number of 

particles participating in the reaction.  

e) Skills in calculating involving more than one stage and certain problem- solving 

skills. Learners faced challenges in manipulation of integrated quantities like 

concentrations due to lack of mathematical skills. 

Ngoh Khang and Lian Sai (1987: 85) pointed out that “all of the above difficulties are 

not new and have already been discovered by researchers. The occurrence of such 

difficulties does not lay completely with the learners themselves, but certainly 

something to do with the teaching method’’ The study points out that these difficulties 

have the following implication for teaching of the mole concept; there is need to use 

analogy and simulations  when teaching certain related  sub concepts of the mole 

concept, to apply the factor labelled  method  to solve the stoichiometry problems,  to 

carefully design  suitable test items for assessing conceptual understanding of the 

concepts, and to use proper and appropriate instructional strategies  to make learning 

of mole concept more concrete (Ngoh Khang and Lian Sai, 1987).  

Ngoh Khang and Lian Sai (1987) were quick to point out that although the above 

strategies can help students to acquire a better understanding and application of the 

mole concept, learners will still face some difficulties if they don’t think in terms of 

mole as they solve stoichiometry problems. This is because it has been found by many 

studies that students in secondary schools normally think of number of moles (amount 

of substance) in terms of mass (Ngoh Khang and Lian Sai, 1987; Furio et al., 2002; 

Padilla and Furio, 2007; Pekdag and Azizoglu, 2013; Fang et al., 2014). This may be 

one the fundamental problems faced by learners in Zambia.  Holding on to Ostwald’s 

definition of the mole located within the equivalents paradigm.  Teachers should be 

aware that learners tend to have a stronger association of chemical symbols, formulae 
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and equations to the masses of substances and hence likely to ignore the relationships 

of chemical symbols, formulae and equations to the number of particles (Ngoh Khang 

and Lian Sai, 1987). Hence they fail to understand the associations among the 

Macroscopic microscopic and symbolic knowledge level. Teaching strategies should 

focus on the conceptual understanding of the mole by bringing out the qualitative 

meaning and the significance of the mole concept as a means to pass from microscopic 

level (atomic or molecular; number of particles) to the macroscopic level (Pekdag and 

Azizoglu, 2013).  In conclusion Ngoh Khang and Lian Sai (1987) advocated that 

teachers should make use of every opportunity to train students to ‘think in mole or 

number of particles ‘rather than to follow rigidly, certain patterns to solve problems. 

Thinking in mole is the fundamental skill in solving problems in mole concept as it 

brings about conceptual understanding to the process of solving problems, as well as 

bringing the three knowledge levels together.  

The findings of a similar study by Boujaoude and Barakat (2000) resonate with the 

above findings except that this study provided an in-depth understanding of learners 

misunderstanding and problems in solving stoichiometry problems. The study used 

stoichiometry test and unstructured interviews. The interviews were conducted after 

the test was marked so as to have an insight in problem - solving strategies used by 

learners.  The stoichiometry test had eight open ended test items and it was 

administered to 40 grade 11 students, 20 females and 20 males, from a private and 

highly selective secondary school. After the test 45% of the learners were interviewed 

to validate the findings from the analysis of their responses. The techniques used was 

focus group discussions. 

The responses to the test and interviews were analysed for conceptual understanding 

of the following five topics concepts related to solving stoichiometry problems; molar 

quantities, limiting reagents, conservation of matter, molar volume of gases at standard 

temperature and pressure (s.t.p) and coefficient in a chemical equation. The study 

made three conclusions from the analysis of learners’ conceptual understanding of 

these concepts and their problem solving strategies. First, the qualitative 

understanding of concepts and relationships among concepts was essential for solving 
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stoichiometry problems. This is because many students who did not solve the problems 

successfully had misunderstandings regarding the concepts necessary to solve these 

problems. This is in agreement with Baransiki (2012) who pointed out that the origin 

of the problems in the teaching and learning of mole concept is found in the definition 

of the mole and understanding of the relationships among the basic linking concepts 

to the mole concept.  Teachers should therefore make sure that their learners 

understand concepts and their relationship among concepts through the appropriate 

teaching and assessment strategies before start solving numerical problems 

(Mavhunga and Rollnick, 2013).   

Secondly, analysis and understanding learners’ solving strategies are necessary if 

teachers want to help their students become efficient problem solvers.  There were a 

number of students in this study who reached the correct answers by using incorrect 

and conceptually unacceptable strategies. Thus teachers should always be aware that 

learner’s numerical answer to a problem, whether correct or incorrect, does not give 

the teacher insights into the learners thinking process. This is why objective test 

questions are limited in this aspect in understanding learners’ conceptual 

understanding of concepts.   Analysis and understanding of learners solving strategies 

is critical in the development of sound teacher’s topic specific PCK (Boujaoude and 

Barakat, 2000; Mavhunga and Rollnick, 2013).  

The third point was that learners are successful in using algorithmic strategies to solve 

traditional problems given in class. But they found it difficult to solve problems that 

are different from the once encountered in the classroom this is because teaching and 

assessment strategies invariably focus on traditional problems. To amplify this point, 

Boujaoude and Barakat (2000: 98) emphasises that; 

  ...teachers need to provide students with opportunities to solve problems and 

answer questions that require them to think rather than to use algorithms, and to 

think conceptually rather than memorise facts, if these students are to become 

efficient and successful conceptual problem solvers. 

 

This will enable the teachers to develop sound PCK because understanding learners’ 

conceptual profile zones about a topic or concept facilitates the development of the 

five knowledge components of TSPCK. 
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There are so many studies done on the learning difficulties of the concepts ‘amount of 

substance’ and the mole in the last decade available in literature, and the studies are in 

agreement with the findings of the studies discussed above. In their review of the 

studies in the past four decades.  Furio et al. (2002: 287) highlighted the following as 

the main sources of learning difficulties of the mole concepts reported in literature:  

1) Students lack a scientific conception of the mole; 

2) Most students identify the mole with a mass, a volume, a number (Avogadro’s 

number of elementary entities;  

3) Learners don’t quite understand the meaning of the quantity ‘amount of 

substance’; many students avoid using it, and don’t identify the ‘mole’ as its 

unit; 

4) Students frequently mistake the macroscopic level of representation of the 

substances (in particular, the concept ‘molar mass’ with the (sub) microscopic 

level of atoms and molecules (atomic mass and molecular mass); and 

5) Students usually identify the proportion of numbers of molecules with the 

proportion of masses and later with the proportion of molar mass.  

Many scholars (Ngoh Khang and Lian Sai, 1987; Gabel and Bunce,1994; Boujaoude 

and Barakat, 2000; Furio et al., 2002) have echoed that the above learning difficulties, 

may be attributed to the instruction deficiencies reported in literature. This implies that 

the key to minimise students learning difficulties of the mole concept lies in the 

teachers’ ability to develop sound mole concept PCK. Teachers should adequately 

understand the bridging concepts under the mole concept this will in turn facilitate the 

development of the five knowledge components of the mole concept PCK. The five 

knowledge components act as a mechanism through which teachers to transform their 

CK into the form that help the learners to understand the topic. The teachers’ CK is a 

precursor for the development of PCK (Schulman, 1987; Kind, 2009; Mavhunga and 

Rollnick, 2013).  Thus teachers’ conceptual understanding of the mole concept is 

crucial for effective teaching of the topic.  Hence it is from this understanding that his 

study sought to assess teachers’ mole concept CK and PCK.  
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3.4 What literature says re-examined 

The review of literature indicates that one of the major findings to emerge from most 

of the studies on mole concept in the past 40 years is that the way the mole concept is 

conceptualized in educational setting is actually inconsistent with the meaning of the 

SI definition in scientific domain. That is, the mole concept introduced in chemistry 

education has epistemological deficiencies that could be one of the main causes of 

teaching and learning difficulties of the concept. However, it was also clear that most 

of the reviewed studies have failed to address the following fundamental questions: 

Why are there so many variations in the description of the concept among teachers 

even among scholars in teacher education? Why is it that science educators find it 

easier to work with alternative definitions of the mole concept? Can learners 

understand the meanings embedded in the SI definition of the mole?  These 

unanswered questions indicate that there have been gaps in terms of the focus and 

methodology used in these studies. The focus of most the reviewed studies has been 

to judge as opposed to understand why there are so many constructs of the mole 

concept and challenges in teaching of learning of the concept.  

To begin with, it is important to note that even the scientific community had problems 

in coming up with the concept. And when they adopted its definition, it was up to 

educationist to find ways and means of putting its meaning across to learners. 

Literature indicates that the origin and evolution of the mole concept was also 

characterised by epistemological and ontological inconsistencies (Padilla and Furio, 

2007; Fang et al., 2014). The original meaning of the mole was located within the 

equivalentist paradigm as a quantity not as a unit. Ostwald used the mole meaning a 

‘big mass’ in latin as opposed to using molecular (small mass) by removing a suffix –

cular, because he did not accept the atomic-molecular concept. He also introduced the 

term ‘amount of substance’ and referred it to masses or ratio of mass (Padilla and 

Furio, 2007; Pekdag and Azizoglu, 2013). Ostwald treated the mole as a macroscopic 

term which could be used to discuss the law of stoichiometry.  It is also important to 

note that, unlike other units, the term mole was introduced first before the quantity 

‘amount of substance’. The evolution of the meaning the mole from mass to the unit 
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of the amount of substance was not systematic. This has been cited as one of the source 

of confusion among teachers and learners, in that most the studies have shown that 

textbooks, teachers and learners still use the ontological meaning of the mole given by 

Ostwald (Furio et al., 2000; Padilla and Furio, 2007).  

Secondly, even when the mole was adopted as a unit for the amount of substance by 

the scientific community, there seemed to be uncertainties and misunderstandings 

surrounding the following SI definition of the mole concept and the meaning of the 

term ‘amount of substance.’ 

The mole is the amount of substance of a system which contains as many 

elementary entities as there are atoms in 0.012 kilogram of carbon -12. 

When the mole is used, the elementary entities must be specified and may 

be atoms, molecules, ions electrons, other particles, or specified groups of 

such particles (Mills et al., 1993: 70). 

In the first instance the definition includes numerous concepts and different 

knowledge levels which Pekdag and Azizoglu (2013) pointed out that such definitions 

may adversely affect learners’ conceptual understanding of the mole concept in that 

they have a limited visual and audio memory and can only retain a limited amount of 

comprehensible information. Besides, the definition does not define the unit ‘amount 

of substance’ but describes what a mole which is a unit. This is uniquely different from 

the way other quantities are defined. Take for instance the quantity mass; it is defined 

as the quantity of matter contained in a substance, and it is measured in kilogram. 

Unlike the mole concept the quantity mass is not referred to as the kilogram concept. 

Many scholars (Furio et al., 2002; Padilla and Furio 2007; Fang et al., 2014) have 

pointed out that the concept ‘amount of substance’ used in the SI definition is 

inappropriate term. In general terms the concept may mean indefinite amount of 

anything, volume or mass. It is difficult for teachers and learners to understand the 

amount of substance as a fundamental quantity, a dimensionless expression of the 

number of particles in a sample. It is in view of the above observations that this study 

supports other scholars (Furio et al., 2002; Padilla and Furio 2007; Fang et al., 2014) 
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calls for the need to change the name of the fundamental quantity ‘amount of 

substance’ as it may be the source of confusion in science education domain.   

The above observations may offer an explanation as to why there so many description 

of the mole concept in science education and why the term ‘amount of substance’ is 

not explicitly used in most of those definitions of the mole concept. It is important to 

understand the role of teachers and authors of books in the teaching and learning 

process of any knowledge within the science education domain. Teaching and learning 

of any concept involves a didactic transposition process, which is the complete 

transposition of scientific knowledge as conceptualized within the scientific domain 

to something that is taught and learned (Chevallard, 1991). As pointed out earlier, this 

means that there is a difference between knowledge constructed by scientists and 

knowledge learned in school.  

The role of academic institution and authors is to transform the knowledge to be taught 

in schools by first delineating its boarders followed by the process of reorganisation. 

Then the teachers use classroom activities to transpose the knowledge in the 

curriculum and textbooks, into knowledge that can be presented to learners. Teachers 

use unique knowledge, the PCK, to transform the concepts into the form that can be 

understood by learners. The knowledge that is learned in school is knowledge that has 

been filtered, transposed and interpreted by institutions of learning and educators 

(Pakdag and Azizoglu, 2013).  Authors and teachers have tried to unpack the meaning 

of the SI definition of the mole in many forms so that it could be understood by 

learners.  It is very difficult to teach the mole concept in the form it was constructed 

by the scientists, especially on the meaning of the ‘amount of substance’. There is still 

a controversy over meaning of the term ‘amount of substance even among scholars 

and this may be the source of the inconsistencies reported in literature.   Authors of 

text books and teachers ‘avoid’ the term and put so much emphasis on the unit ‘mole’ 

than the amount of substance in the description of the mole concept.  In most cases the 

quantity ‘amount of substance’ is replaced by the expression ‘number of moles’. Let 

us say if the question requires finding the amount of substance contained in 25.00 g of 

sodium element. The questions are usually framed as follows as reported in literature. 
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Find the number of moles in 25.00 g of sodium element 

Or 

How many moles are in 25.00 g of sodium element? 

 

In both of the above questions, the term amount of substance has been omitted; this is 

what has been echoed by most of the reviewed studies as a wrong expression and 

inconsistent with the SI definition.   

It is important to reflect and analyse how wrong and inconsistent the above expressions 

are with the SI definition.  Fang et al. (2014: 352) tried to analyse what the SI definition 

tells us and explained it as follows: 

According to the SI definition one mole is an amount of substance, and this amount   

is defined by what can be called ‘a standard pack’. The standard park is the number 

of 12C atoms in 12 g of 12C, that is, Avogadro’s constant NA. Experimentally, this is 

found to be 6.02214084(18) x 1023. Therefore, any sample of any substance that 

contains the same number of identical particles (atoms, molecules, or ions) as the 

standard pack is a mole. 

From the above explanation it is pedagogically correct to say that when you are finding 

the ‘amount of substance’ in a given mass, volume or given number of particles of any 

substance using the following ‘constants’ molar masses (Mm), molar volumes (Mv) 

or number of elementary entities (NA), the aim is to find the number of standard parks 

(moles) present in that given quantity of substance.  Just like if you have been given 

450 hours, under the concept of time, it is correct to say that the number of days in 450 

hours is 18.75 days, this is determined by dividing the hours by the 24 hrs which is a 

standard park of hours called a day. This study proposes that this could be the 

didactical reasoning behind the use of the term number of moles. Authors and teachers 

use the ‘number of mole’ to avoid the uncertainties surrounding the meaning of the 

term ‘amount of substance’ in the SI definition of the mole. Thus this study did not 

consider the use of ‘number of moles’ as a pedagogically wrong expression and as one 

of the source of teaching and learning difficulties of the mole concept. 

It is against this backdrop that, Fang et al. (2014) observed that although it is necessary 

that teachers and students’ conception of the mole should be consistent with the SI 

definition, this does not imply that the SI definition is the most effective or appropriate 

instructional presentation of the mole concept. Thus they unpacked the meaning of the 
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SI definition and came up with a concept map, discussed earlier, for conceptual 

understanding of the mole concept. It is from this perspective that this study modified 

Fang et al. (2014) concept and used it to assess teachers and learners’ conceptual 

understanding of the mole concept.  

 

 

 

 

 

 

 

 

 

Figure 3.7:  Modified Concept map for conceptual understanding of the mole 

concept (Fang et al., 2014) 

The concept map was modified by including volume of gasses measured at room 

temperature and pressure (r.t.p) or at standard temperature and pressure (s.t.p) as 

another physical quantity that links to the amount of substance. According to Fang et 

al. (2014) the concept map presents a clear meaning of the mole concept. The concept 

map was therefore used as one of the analytical tool in the assessment of teachers’ 

mole concept CK. The assessment was complemented by the three models proposed 

by Pekdag and Azizoglu (2013) as guide for the appropriate association among the 

micro, macro and symbolic knowledge levels in the understanding and presentation of 

the mole concept. The concept map and the three models provided the study with 

powerful assessment and analytical tools in determining teachers and learners’ 

conceptual understanding of the mole. Literature acknowledges that the teachers’ role 
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is to transpose the knowledge within the scientific domain using their PCK into the 

form that can be taught and learned.  Thus it was important in this study to assess 

teachers’ conceptual understanding of the mole concept and assess the knowledge they 

possessed in transforming their conceptual understanding in the form that can be 

learned.  

3.6 Summary  

This chapter discussed the origin and evolution of the mole concept and the nature of 

the mole concept knowledge.  After that it reviewed some of the studies focused on 

the following themes: how text books and teachers unpack the meaning of the mole 

concept, teachers’ mole concept pedagogical content knowledge, and learning 

difficulties of the mole concept. 

Historically two different paradigms stood out in trying to solve the material quantity 

problems in chemical combinations and the need to establish an exact nomenclature 

acceptable to the entire scientific community. The two paradigms were the 

equivalentist and the atomistic. The paradigm differences were related to how 

scientists understood the nature of matter.   The equivalentist paradigm belonged to a 

traditional matter theory that did not believe in the fundamental existence of atoms 

while the atomistic paradigm believed in the existence of discrete atoms and 

molecules.  

In 1961 following the acceptance of the atomic - molecular theory, the International 

Union of Pure and Applied Physics within the field of chemical and molecular physics 

recommended the ‘amount of substance’ as one the basic quantities and the mole, 

symbol mol as its unit. Later in 1965 the definition was adopted by the International 

Union of Pure and Applied Chemistry (IUPAC) and the mole was defined as an 

amount of substance of specified formula, containing the same number of formula 

units (atoms, molecules, ions, electrons, quanta, or other entities) as there are in 12 

grams (exactly) of the pure nuclide 12 C . The atomic theory formed the framework for 

the introduction of the concept. The mole concept made it possible to count the 

elementary entities indirectly at the macroscopic level from the masses or volumes of 

the reacting substances.  
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The review of the studies revealed that the way text books and teachers present the 

mole concept is inconsistent with the meaning of the SI definition within the scientific 

domain.  That is text books and teachers presented a distorted view of the amount of 

substance and the mole.  

The studies on teachers’ mole concept PCK echoed the above findings that teacher’s 

conceptual understanding of the mole concept was inadequate. And it negatively 

affected their mole concept PCK. Although teachers demonstrated to have some 

classroom experience and showed a good understanding of their learners’ context as 

well as the ability to develop teaching procedures, their knowledge of the following 

components of mole concept PCK were still weak; curriculum saliency, what makes 

the topic difficult or easy, learners ‘prior knowledge, misconception and learning 

difficulties, presentations and analogies, and conceptual strategies. The difficulties 

appeared to stem from their weak content knowledge, supporting the argument that 

CK is critical in the development of topic specific PCK.  

While most of the studies on mole concept have confirmed that the way the concept is 

presented in education domain is inconsistent with the SI definition of the concept and 

lacks the historical and social context. Teachers and learner have difficulties in 

teaching and learning the mole concept respectively.  However, the assumption that 

conceptual understanding of the meaning of the mole concept lies in the mastering of 

the SI definition has been questioned. It has been argued that the origin and the 

evolution of the mole concept within the scientific domain was characterised with a 

lot of challenges and problems in the adoption of the ‘amount of substance’ as a 

quantity and the mole as a unit. Unlike other quantities in science, the unit of the 

‘amount of substance’, the mole, was introduced before the quantity amount of 

substance by Ostwald with its meaning located within the equivalentist paradigm 

contrary to its present meaning within the atomistic paradigm. This has been cited as 

the source of wrong association of the mole to mass.  The other problem has been over 

the meaning of the quantity itself, the ‘amount of substance’. The SI definition has 

failed to explicitly convey the meaning of this quantity but defines what a mole is, 

hence most the teachers and learners end up associating that amount of substance to 
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mass, and avoid using it. In view of these conceptual problems embedded within the 

SI definition, many scholars have pointed out the need to find an alternative term to 

replace the quantity, ‘amount of substance’. They have also questioned whether or not 

the SI definition of the mole on its own can lead learners to form a meaningful 

conceptual understanding of the concept. 

It is against this background that educators end up using alternative terms, expressions 

and analogies just to try and unpack the meaning of the mole. Some of alternative 

terms, like the use of number of moles to refer to the number of standard packs 

containing 6.02 x 1023 particles contained in a given mass, volume or particles of a 

substance, may be pedagogically correct, they have been deemed not to be consisted 

with the meaning of the SI definition by most of the studies. This point to gaps in most 

of the reviewed studies in terms of focus and methodology. The focus for most of the 

studies has been to judge as opposed to understand the role of teachers and why authors 

and teachers use alternative terms and expressions when presenting the mole concept.  
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CHAPTER FOUR 

 METHODOLOGY 

4.1 Overview 

The chapter presents the research design and the philosophical perspective that 

underpinned the research process. It explains the sampling processes for selecting 

participants for the various data collection instruments used in the study.  The data 

collection instruments are discussed in terms of how they were developed and their 

suitability in this design. It also presents the data collection and analysis, and 

concludes by discussing the validity, reliability, limitations and ethical consideration. 

4.2 Research Design  

The study used embedded mixed methods design to integrate the quantitative and 

qualitative methods at some stages of data collection and analysis (Saunders et al., 

2012).  The study was predominantly a multiple qualitative methods research design 

(QUAL + quan) set within pragmativist and interpretive philosophical perspectives 

(Ary et al., 2010).  

 The following data collection instruments were used in the study; questionnaire, 

lesson observation schedule, test, CoRes and PaP-eRs and focus group discussion. 

These instruments were used in an interactive way in the assessment of chemistry 

teachers PCK and learners understanding of the mole concept within the real 

secondary school context. The quantitative aspects were embedded in the 

questionnaire and in the analysis of the learners’ mole concept test responses. The 

questionnaire for chemistry teachers comprised of both closed – ended and open-ended 

questions. Thus the questionnaire yielded both quantitative data, in form of descriptive 

statistics, and qualitative data. The mole concept test for learners was purely a 

qualitative data collection instrument in that it comprised of open – ended questions 

on various sub topics of the mole concept topic. However, at the analysis stage of 

learners’ understanding and performance the study embedded the quantitative aspects 

by coding the categories of learners’ responses on each test item. The categories were 
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analysed using statistical tools and presented as descriptive statistics in form of tables 

and bar graphs to show the learners’ performance on each idea/concept under the mole 

concept. These partial integrations of quantitative aspects at some stages of the 

multiple qualitative research method justified the study to fall under the category of 

partially integrated mixed methods research design (Patton, 2002; Saunders et al., 

2012).     

4.2.1 The Philosophical Underpinning  

The pragmativist view “recognizes that there are so many different ways of 

interpreting the world and undertaking research, that no single point of view can ever 

give the entire picture and that there may be multiple realities” (Saunders et al., 2012: 

130).   It was from these perspectives that the study used partially integrated mixed 

methods research design in order to assess and understand teachers’ mole concept 

PCK, learners’ conceptual understanding of the mole concept and in identifying 

underlying sources of teaching and learning difficulties. The study also took the 

interpretive position in the collection, analysis and interpretation of data. According 

to interpretivist philosophy, in order for the researcher to understand phenomena, 

he/she needs to understand the world from the research participants’ point of view 

within their natural setting or context. This resonates with subjectivism, one of the 

ontological perspectives, which holds the view that “social phenomena are created 

through the perceptions and consequent actions of the social actors” (Saunders et al., 

2012: 131). This position is underpinned by the constructivism theory.  It was therefore 

important to understand the subjective reality of chemistry teachers and learners in 

order to make sense of their understanding and difficulties in the teaching and learning 

of the mole concept.  

The purpose of the study was to develop the mole concept CoRes framework that may 

enhance secondary school chemistry teachers PCK and consequently improve 

learners’ understanding of the topic. To do this it was important to have an in - depth 

understanding of teachers’ mole concept PCK, learners understanding of the mole 

concept, and the underlying sources of teaching and learning difficulties. In order to 

have an in-depth understanding of the above components of the research questions it 
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was important for the design to be emergent and informed by pragmativist “what 

works” and intepretivist views. The purpose of the study suited these philosophical 

positions and the research design.  According Patton (2002: 213) “decisions about 

design, measurement, analysis and reporting all flow from purpose.”  The purpose of 

this study required the researcher to adopt a predominately holistic-inductive paradigm 

in answering the research questions.   

4.2.2 Research design Justification 

Assessing and capturing of PCK possessed by teachers and learners’ understanding of 

the mole concept could be very demanding, difficult and complex. To start with the 

PCK as a theoretical construct is complex and challenging to capture. Many scholars 

(Guess-Newsome, 2001; Loughran et al, 2001; Loughran et al., 2004; Van Driel and 

Berry, 2010) have argued that researchers often fail to acknowledge the complex 

relationships and interactions existing within a teachers’ personal professional 

knowledge base. This is partly because researchers are pre - occupied with the 

development of instruments and procedures to make teachers’ knowledge explicit and 

measure PCK in a valid manner overlooking that PCK can be sensitive to personal 

characteristics of teachers and their working context. It is important to note that PCK 

as personal professional base is at two levels.   

The first level is that this knowledge is theoretical and located in the mind of a teacher 

and the second one as the knowledge exhibited by the teachers’ orientations, decisions 

and actions in class when teaching mole concept. The former is more difficult to assess 

than the latter, and the two might be at variance because of other external factors that 

may influences teacher’s orientations, decisions and actions in class. On the other 

hand, the teacher may not be willing to share the knowledge or may decide not to be 

sincere for one reason or another when responding to questions during the research 

process. This is one of the possible reactive effects from the participants’ knowledge 

that they are being evaluated (Ary et al., 2010; Patton, 2002). To assess and capture 

teachers PCK required an emergent research design that allowed the use of multiple 

data collection instruments in order to have an in depth understanding of teachers’ 

mole concept PCK from both theoretical and practical perspective. Hence the 



 

76 
 

triangulation of the data from multiple data collection instruments enabled the study 

to have a holistic picture of the teachers' mole concept PCK from both perspectives.  

It is from this perspective that most of the reviewed studies on PCK (Padilla et al., 

2008; Rollnick et al., 2008; Rollnick and Mavhunga, 2013) used similar research 

designs. However, this study went further to assess learners understanding of the mole 

concept so as to identify underlying sources of the learning difficulties of the mole 

concept. This was key to the development of the model mole concept CoRes 

framework for the enhancement of teachers’ topic PCK and consequently learners 

understanding of the mole concept.  Moreover, learners’ achievement in a mole 

concept test was a great predictor of teachers’ PCK (Baumert et al. 2010).  Hence the 

analysis of learners conceptual understanding of concepts and ideas was critical in 

understanding of teachers’ mole concept PCK (Boujaoude and Barakat, 2000; 

Mavhunga and Rollnick, 2013).  

The use of emergent research design might be viewed as a weakness in-terms of the 

credibility of the findings due to questionable validity and liability which may arise 

from non-standardised methodologies. However, the use of multiple data collection 

instruments and the use of a variety of triangulation techniques in sampling, data 

collection and analysis was the strength of the research design. This is because 

triangulation provided across – data validity checks (Ary et al., 2010; Patton, 2002; 

Saunders et al., 2012). Triangulation techniques were critical in this research design 

in that they helped the researcher to examine the convergence of evidence by 

corroborating (or contradicting) findings from different methods and multiple sources 

of data (Ary et al., 2010).  It is true that different kinds of data sources may yield 

different results because they are sensitive to different real world and nuances. Patton 

(2002) points out that finding inconsistences should not be viewed as a weakness in 

the credibility of the results, but rather offering an opportunity for deeper insights into 

the phenomena under study. This was a strength of the design in that it combined 

multiple methods in creative ways to utilize the strength of each within a single study, 

and resulted in credible findings and a deeper understanding of the mole concept PCK.    
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4.3 Study Site  

The study was carried out in secondary schools of Kitwe district in the Copperbelt 

Province of Zambia. Kitwe district has 22 secondary schools out of which six of them 

are typical secondary schools while the rest of the schools were originally built as 

primary schools and later upgraded to secondary school status. The upgraded 

secondary schools lack typical infrastructure for chemistry teaching, hence they don’t 

offer pure chemistry, 5070 syllabus, which requires practical examinations. The study 

was specifically done in the six secondary schools which offered syllabi, science 5124 

and chemistry 5070, have laboratories and presumably had the qualified staff to teach 

chemistry. 

4.4 Study Population 

The study population comprised of the Grade 11 pupils and chemistry teachers in the 

six secondary schools in Kitwe districts offering chemistry 5070 and science 5124. 

The Grade 11 learners were targeted as part of the study population because the 

preliminary data collected showed that all the schools had schemed to teach the mole 

concept in Grade 11 as outlined by the syllabi, Appendix 4.  

4.5 Study Sample 

The overall sample size comprised of 30 chemistry teachers from the six schools and 

251 Grade 11 learners who took part in the mole concept test from five Grade 11 

classes where lesson observations were conducted.  

4.6 Sampling techniques 

The study used a non-probability multi-stage sampling process determined by the data 

collection technique, convenience and availability of participants.  This was because 

the research process was emergent, naturalistic and interactive in nature (Ary et al., 

2010; Saunders et al., 2012).  Thus this section outlines how the participants were 

selected for each of the data collection instrument used in the study. 

   

 Questionnaire participants; A comprehensive sampling technique was used in 

selecting teachers to answer the questionnaire. All the 35 chemistry teachers in the six 
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secondary schools offering 5070 and science 5124 were included in the sample. 

However only 30 teachers managed to answer the questionnaire. The study used the 

comprehensive sampling because the study population was small and it was important 

that every chemistry teacher in the selected schools was include in the study sample 

so that their views on the teaching of mole concept were representative of all the 

chemistry teachers in the district.  

Lesson Observation participants: The study had targeted six chemistry teachers, one 

from each school for a series of lesson observations. The study used convenience 

sampling technique. The sampling was based on the teachers' personal teaching time 

tables and schemes of work, time and access. After examining their teaching time 

tables and schemes of work, the study could only manage to plan for 5 teachers for the 

series of observations.   This meant that all learners in those five classes at this stage 

of lesson observations were part of the study sample.   The total number of Grade 11 

pupils in the five classes was 355.  Although convenience sampling is not 

recommended, the use of this sampling technique in this study was strategic because 

it allowed the researcher to observe all the lessons and move from one school to 

another without collisions among the periods which were observed.  

Mole concept test participants: All the 355 learners in the classes where lesson 

observations were conducted were eligible to write a test after learning the mole 

concept.  However, only 251 learners took part in the test, while others missed the test 

because of various reasons. The test was used in this study because learners’ 

performance provided an opportunity to access learners understanding and the 

underlying sources of learning difficulties of the mole concept. Further learners’ 

performance was one of the predictors of teachers’ PCK.  

Learners’ focus group discussion Participants: The study employed a stratified 

purposeful sampling in selecting learners in each class for focus group discussions. 

The strata that were used were based on their performance in the test.  The following 

were the strata; above average, average and below average (Ary et al., 2010; Saunders 

eta l., 2012).  The average was determined by the performance of each class, thus it 
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varied from class to class. Five learners were purposely selected from each strata 

focusing on learners with different abilities in each stratum. Thus the focused group 

discussion at each school comprised of 15 learners. Focus group discussions were 

crucial in assessing learners’ conceptual understanding of the mole concept, 

misconceptions and learning difficulties.  

Mole Concept Content Representation (CoRes) and Pedagogical and Professional-

experience Repertoires (PaP-eRs) frameworks Participants: All the five teachers 

whose lessons were observed, plus two teachers from the sixth school were lesson 

observations did not take place were invited to complete the CoRes and PaP-eRs 

framework, bringing the total number of 7 participants. 

 Teachers’ focus group participants: All the teachers who participated in the 

completion of the CoRes and PaP-eRs framework were part of the focused group 

discussion. This tool was critical because it provided the study with an opportunity to 

gain the insights of teachers’ mole concept CK, teaching difficulties and their mole 

concept PCK.  

4.7 Research Instruments 

The study used the following data collection instruments; questionnaire, lesson 

observation schedule, science topic PCK frameworks (CoRes and PaP-eRs), mole 

concept test for learners and focus group discussion guide.  

4.7.1 The Questionnaire 

This instrument was developed by the researcher informed by literature and the two 

chemistry syllabi in the identification of the areas to focus in the instrument. The 

questionnaire, Appendix 1A, was semi structured with open and closed ended 

questions. The instrument had five parts.  Part one focused on the collection of bio 

data about the participants.  The second part sought to establish whether or not teachers 

had knowledge on the origin, evolution and significance of the mole concept in 

chemistry. Part three aimed at collecting data on the teachers understanding of the 

atomic molecular concept and the linking ideas to the mole concept. Then the fourth 

part focused on teachers’ understanding of the meaning of the mole concept.  The last 
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part was aimed at finding out the strategies teachers used and their views on how easy 

or difficult it was for them to teach subtopics under the mole concept.  The instrument 

was peer reviewed to check for clarity, representativeness, and suitability of the 

questions.  In order to refine the questionnaire and establish content validity, the 

instrument was piloted before it was administered to the study sample.  

The self-administered questionnaire was used in this study because it allowed the 

teachers to provide the base - line information freely on the aspects of teaching of mole 

concept. The preliminary findings from the questionnaire were used to identify the 

main areas of concern, interest and focus during classroom observation and focus 

group discussions.  

4.7.2 Lesson observation guide 

The study used a non-participant type of observation in which the observer’s identity 

was revealed. The lessons were video recorded accompanied with observation notes. 

Apart from the teachers’ actions as they presented subtopics under the mole concept, 

observations included document analysis of teachers’ schemes of work, lesson plans 

and chemistry text books used by teachers to teach the mole concept.  Video recording 

was one of the strength in this data collection method because it allowed the researcher 

to review the lessons at any time and at his own pause in transcribing the observations. 

The lesson observation notes provided an audit trail that gave insights of some 

classroom incidences and complemented the interpretation of observation.    The 

videos were transcribed using a lesson observation schedule guide Appendix 1C. The 

schedule guided the researcher by answering the key questions while reviewing each 

mole concept subtopic lesson. The first item on the observation schedule required the 

researcher to answer the following questions that pertained to the coherence of the 

mole concept with the other topics in chemistry schemes of work; 

 Are the pre-requisite topics schemed before the mole concept? 

 Are the mole concept subtopics arranged in a manner that supports 

understanding the mole concept topic? 
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The following questions in the observation guide helped the researcher to transcribe 

and analyse the recorded lessons: 

 What is the teachers’ subject matter knowledge (content knowledge)?  

 What representations and analogies were used?  

 What conceptual strategies were used? 

 Is the teacher aware of the pupils' prior knowledge/misconceptions and 

learning difficulties? 

 Is the teacher aware of what makes the concept/idea easy or difficult to 

understand? 

In the absence of a software package to analyse the videos, this schedule was key in 

guiding the researcher and organisation of data within the themes of the study. 

4.7.3 Learners Mole concept test 

 The development of the test items was guided by the syllabi and covered all the 

subtopics under the mole concept topic. In order to gain the insights of learners’ 

conceptual understanding, misconceptions and learning difficulties, the test items 

comprised of open ended test items as opposed to multiple choice questions. Ngoh 

Ngoh Khang and Lian Sai (1987) echoes that objective items are limited in having 

insights of learners conceptual understanding of a concept. The scope and the level of 

difficulty of the test questions were almost on the same level as the lesson evaluation 

exercises teachers gave their learners at the end of each lesson. The test, Appendix 1E, 

did not include any concept under the mole concept which was not covered by any of 

the observed classes.  The test was moderated through peer review and pilot study.   

4.7.4 Learners focus group discussion 

The focus of the group discussions was the learners’ responses to the test questions. 

The discussions were moderated by the researcher and they were video recorded to 

allow review of the discussion and for reference letter on. The marked scripts were 

given to the participants in the focus group discussions and the answer scripts guided 

the discussion.   Each test item was discussed at a time by asking learners to explain 

their answers whether correct or wrong. This was critical in that it allowed the study 
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to validate learners’ answers and to have an insight in their conceptual understanding 

and problem - solving strategies. And also to identify the areas of concern to be 

discussed during teachers’ focused group discussion.  

4.7.5 Content Representation (CoRes) and Pedagogical and Professional-

experience Repertoires (PaP-eRs) 

The study used the generic CoRes and PaP-eRs framework, Appendix 1B, developed 

by Mulhall et al. (2003). The CoRes and PaP-eRs are valid and reliable frameworks 

for elucidating teachers PCK (Loughran et al., 2004; Loughran et al., 2006; Mavhunga 

and Rollnick, 2013). There were some minor modifications to the original framework. 

The original framework had eight PCK probes. The probe number eight ‘What 

teaching strategies and particular reasons for using these to engage learners with the 

idea?’ was split into two separate probes ‘what teaching strategies do you use to teach 

this idea? And why do you use these strategies to engage learners with this idea? This 

brought the number PCK probes to nine.  The probes which were in a statement form 

were recast into questions in order to make them more active. The CoRes probes 

focused on assessing the following knowledge components of mole concept PCK; 

Curriculum saliency, what makes the topic difficult or easy? Learners ‘prior 

knowledge, misconception and learning difficulties, Presentations and analogies, and 

Conceptual strategies.  

The CoRes Prompts under each knowledge Component of TSPCK were: 

a) Curriculum saliency 

1.  What do you intend the learners to learn about this idea/concept  

2.  Why is it important for learners to know this? 

3.   What else you might know about this idea that you don't intend learners to  

     know yet? 

b) What makes the topic difficult or easy to understand 

4. What difficulties and limitations are connected with the teaching of this idea?  

5. What do you know about your learners thinking that influence your teaching  

       of this idea? 

7.  What other factors that influence your teaching of this idea? 



 

83 
 

c) Learners ‘prior knowledge, misconception and learning difficulties, 

5. What do you know about your learners thinking that influence your teaching 

of this idea? 

6. What do know about learners’ difficulties in learning this idea? 

d) Presentations and analogies, and 

8. What teaching strategies do you use to teach this concept? 

9. Why do you use these strategies to engage learners with the idea? 

e) Conceptual strategies. 

5. What do you know about learners’ thinking that influences your teaching of  

      this idea? 

8. What teaching strategies do you use to teach this concept? 

9. Why do you use these strategies to engage learners with the idea? 

The Nine PCK Prompts were asked for each of the following underlying 

ideas/concepts which are the subtopics under the mole concept. 

A. Relative atomic / molecular mass. 

B. Meaning of the SI definition of the mole. 

C. Linking relative atomic/ molecular mass. 

D. Empirical and molecular formulae. 

E. Expressions of the molar concentrations of solutions. 

F. Calculation of reacting quantities in chemical reactions. 

It should be noted that CoRes has embedded characteristics to capture teachers’ mole 

concept CK as well. At the end of the CoRes framework teachers had to write their 

reflections on the teaching and learning of the mole concept. This part informed the 

study about their mole concept PaP-eRs. Teachers’ reflections on the teaching of the 

mole concept continued orally during focus group discussion.  This allowed the 

researcher to probe further and to gain insights into teachers’ experiences in the 

teaching of the topic. 
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4.7.6 Teachers’ focus group discussion 

The focus group discussion was moderated by the researcher and it was video recorded 

and reviewed afterwards to capture the main points that come out during the 

discussion. It was organised in form of a Continuous Professional Development (CPD) 

meeting. This approach created a professional learning atmosphere and every 

participant was free to contribute to the discussion. The focus points of the discussions 

were; Teachers’ CoRes (Appendix 1D), schemes of work (Appendix 5), learners’ 

performance during the test, and meaning of the following concepts as presented by 

teachers and text books; amount of substance and the mole, mass number, relative 

atomic mass, molar mass, molar volume, empirical formula, molar concentrations, 

chemical equations, and limiting and excess reactants.  

In this study it was important that teachers were not subjected to content knowledge 

test to assess their conceptual understanding the mole concept because teacher feel 

insecure and threatened to be tested on what they teach. It is for this reason the study 

used indirectly the questionnaire, lesson observations, CoRes and focused group 

discussions to assess their mole concept content knowledge.  

4.8 Data Collection 

The permission to start preparations for data collection was granted by the School of 

Education of the University of Zambia on 12th February 2015. The data collection 

could not start immediately because according to the Grade 11 chemistry schemes of 

work, the mole concept would be covered in the second term starting in May 2015. 

Thus the researcher had ample time to conduct pre visits to get permission from heads 

of schools, consent of the participants and to do pilot study for the questionnaire.  

Data collection started in the second term, May 2015, with the distribution of the 

questionnaire to all 35 chemistry teachers in the six selected schools. By mid-June 30 

completed questionnaires were collected. This was followed by series of lesson 

observations of the entire mole concept topic as outlined by the syllabi. After 

examining teachers’ schemes of work and time tables, the researcher drew up an 

observation programme of a series of lesson observation for five chemistry teachers. 
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The observation programme lasted for a period of three months, from June to 

September 2015.  The mole concept test was given in each class upon completion of 

the topic as outlined by the syllabi. The learners were provided with the data sheet 

which showed the periodic table of elements, molar volume (24 dm3) at room 

temperature and pressure, and  Avogadro’s constant number ( 236.02 10 ).  After the 

test was marked in each class 15 learners were selected to take part in the focus group 

discussion.   

After all the data collected from questionnaires, lesson observations and learners test 

was analysed, a Continuous Professional Development (CPD) meeting was conducted 

at Teachers’ Resource Centre on 15th January 2016. The programme for this meeting 

had two parts. In the first part the participants were asked to complete the CoRes and 

PaP-eRs PCK frameworks. The second part was the discussion session that focused 

on the CoRes, schemes of work and how text books and teachers presented the ideas 

highlighted above. 

Collecting data in this order was critical in this research design in that it helped the 

researcher to examine the convergence of evidence by corroborating (or contradicting) 

findings from different methods and multiple sources of data.   This triangulation 

process assured the validity of the interpretation and reliability of the research 

methodology.   

4.9 Data analysis 

The study used both qualitative and quantitative data analysis techniques in the 

analysis and in the presentation of data collected from teachers’ questionnaire and 

learners test. While the data collected from, lesson observations, focus group 

discussions and CoRes was analysed using qualitative analysis techniques.   

The quantitative data from the closed responses from the questionnaire were coded 

and analysed using excel into descriptive statistics and presented in form of frequency 

tables and graphs. The quantitative aspect of learners’ performance was in three parts; 

the overall classification of learners’ performance, learners’ test scores, and the 

categories learners’ responses per test item. These were analysed using the Statistical 
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Package for Social Sciences (SPSS) yield descriptive statistics. Tables 4.1 and 4.2 

shows the classification and the category schemes used in the generation of 

quantitative data. 

Table 4.1:  Classification scheme of learners’ performance 

 

 

 

 

The learners’ responses per test item were categorised and coded. The data was 

analysed quantitatively using excel into descriptive statistics. The following categories 

and coding were used. 

Table 4.2:  Codes for categories of learners’ Responses 

 

 

 

 

The responses for the test items that involved the definition of a concept had only three 

categories; blank, incorrect and correct responses.  

The qualitative data was cleaned, catergorised and analysed into the following salient 

themes in relation to the research objectives: Teachers’ mole concept CK; teachers’ 

mole concept PCK, learners’ conceptual understanding of the mole concept, sources 

teaching and learning difficulties of the mole concept.  

This process involved cleaning, categorisation and cross referencing of data from 

multiple sources of data. Some of the analytical frameworks that guided the analysis 

of qualitative data were modified Fang et al. (2014) concept map for conceptual 

      Code            Score Interval Classification 

1 0-34 Unsatisfactory 

2 35-44 Satisfactory 

3 45-59 Average 

4 60-74 Good 

5 Above 75 Very Good 

Code Category 

1 Correct 

2 Partially Correct 

3 Incorrect 

4 Blank 
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understanding of the mole concept, the three models for teaching amount of substance 

by Pekdag and Azizoglu (2013) and the CoRes by Mulhall et al. (2003). The CoRes 

was used as the analytical tool in the analysis of the following knowledge components 

of Mole concept PCK; curriculum saliency, what makes the topic difficult or easy to 

understand, Learners’ ‘prior knowledge, misconception and learning difficulties, 

presentations and analogies, and Conceptual strategies. The CoRes had also embedded 

characteristics for the analysis of the teachers’ conceptual understanding of the mole 

concept. 

4.10 Validity and Reliability 

Validity has been defined as “the extent to which an instrument measures what it 

claimed to measure” (Ary et al., 2010: 225). In qualitative research and in the recent 

meaning, validity is not in the instrument itself but in the interpretation and meaning 

of data or scores derived from the instrument, (Ary et al., 2010).  It is from this 

perspective that McMillan and Schumacher (2006: 324) refers validity to “the degree 

of congruence between the explanation of the phenomena and realities of the world.” 

Thus validity does not travel with the instrument; this is because a test may be valid 

for the use with one population or setting but not with another.  

Reliability on the other hand is the degree of consistency to which the instrument 

measures whatever it is measuring (Ary et al., 2010). Saunders et al. (2012: 192) 

comments that “reliability refers to whether your data collection techniques and 

analytical procedures would produce consistent findings if they were repeated on 

another occasion or if they were replicated by a different researcher.”  The degree of 

consistency of research methodologies is affected by the following threats; participant 

error, participant bias, researcher error and researcher bias.   These threats are more 

pronounced in research designs, like this one, based on interpretive research 

philosophies.  Thus, in order to make the interpretations of the data collected valid and 

reliable, this study piloted the developed structured data collection instruments and 

triangulated the multiple sources of data collection instruments. Triangulation in the 

analysis and interpretation of data from different sources of data provided deeper 
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understanding of the problem, cross-data validity checks and trustworthiness of 

findings. 

4. 11 Limitations of the study 

The study specifically focused on the assessment of the mole concept PCK of serving 

chemistry teachers in the six selected secondary schools in Kitwe District of Zambia. 

This meant that the study worked with a very small sample of schools, teachers and 

learners which might not have been the representative of all the teachers and learners 

in the country. This was a limitation because it questioned the ability for this study to 

generalize its findings as representative of all the schools in Zambia (Ary et al., 2010; 

Saunders et al., 2012). Although working with a small sample was a limitation in the 

aspect of generalisability of findings in this study, it was a strength, in that it sought 

to understand and gain insights into teachers’ mole concept PCK. The understanding 

was critical in identifying the underlying sources of difficulties in the teaching and 

learning of the mole concept, and development of the mole concept CoRes framework 

that would address those difficulties reported in literature and in this study. Thus the 

applicability of the knowledge generated in this study will not be restricted to the study 

population, but will be used across the country, the region and beyond. 

4.12 Ethical Consideration 

Ethical considerations in any research design are critical to the research process and 

dissemination of research findings. This is because data collection in any research 

boarders on issues that deal with the actions of the researcher, participants’ freedom 

to take part or not, other human rights and their confidentiality.  This study made sure 

that ethical consideration in the collection of data and presentation of its findings were 

observed. To start with permission was sought from the Ministry of Education through 

the District Education Board Secretary and School Head Teachers in order to gain 

access to the study sites and participants in the study. Consent was sought from 

participants before participating in the study. All the participants were treated with 

respect, their   identities were kept confidential, and their responses were only used for 

the achievement of the research objectives. The researcher submitted the ethical 

clearance immediately after the approval of the proposal and given permission to 
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proceed for data collection. The study was given a full clearance later by the 

Humanities and Social Sciences Research Ethics Committee of the University of 

Zambia Appendix 7. 

4.13 Summary 

The study used embedded mixed methods design to integrate the quantitative and 

qualitative methods at some stages of data collection and analysis. The design was 

located within the pragmativist and interpretive view of research. The study was 

conducted in the six selected secondary schools in Kitwe district of the Copperbelt 

province of Zambia. The total participants were 30 chemistry teachers and 251 

learners. The following data collection instruments were used in this research; 

questionnaires, lesson observation schedule, test, science topic PCK frameworks 

(CoRes and PaP-eRs) focus group discussion guide. The study used non probability 

sampling techniques to select participants for each data collection instrument. Piloting 

and triangulation techniques were used to assure validity and reliability of the 

presentation of the research findings. The study observed ethical considerations in 

collection and presentation of findings.    
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CHAPTER FIVE 

PRESENTATION OF FINDINGS 

 5.1 Overview 

This chapter presents the findings of the study under the following themes; 

a) Teachers’ qualifications and teaching experience, 

b) Teachers’ mole concept Content Knowledge, 

c) Teachers’ mole concept Pedagogical Content Knowledge, 

d) Learners’ conceptual understanding of the mole concept, and 

e) Underlying sources of teaching and learning difficulties of the mole concept. 

 It should be noted that the model of the mole concept teaching framework based on 

the CoRes frame work is presented after the discussion of the results as a final 

product of the research.  

5.2 Teachers’ qualifications and Teaching experience 

The data was collected to give a profile of the participants in terms their qualification 

and teaching experience.   

Table 5.1:  Teachers’ qualifications profile 

  

 

 

 

 

 

Table 5.1 indicate that 53.3% of the teachers had a Secondary Teachers Diploma, 

33.3% of the participants had a Bachelor Education with either a major or minor in 

 

 

Awarding institution 

 Teachers’ qualifications (N=30)  

Diploma Advanced 

Diploma 

Bachelor’s 

Degree 

Masters’ 

Degree 

 

Total 

M F M F M F M F 

Mukuba University 
(COSETCO) 

3 4 2 - 2 - - - 11 (36.7%) 

Copperbelt University 2 1 - - 2 1 - - 6 (20.0%) 

 Kwame Nkrumah 

University 

2 2 1 - - 2 - - 7 (23.3%) 

University of Zambia 2 - - - 2 1 - - 5 (16.7%) 

Russian university       1 - 1 (3.3%) 

Sub Totals  9 7 3 0 6 4 1   

Total 16(53.3%) 3(10%) 10(33.3%) 1(3.3%) 30 (100.0%) 
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Chemistry, while 10 % had the Advanced Secondary Teachers Diploma, and only one 

possessed a Master’s Degree in Organic Chemistry from a Russian university.  The 

teachers’ qualification profile indicates that the participants were qualified to teach 

chemistry in secondary schools and they were trained from high institutions that train 

teachers in the country. 

 

Figure 5.1:  Teachers’ experience   

The Figure 5.1 show that overall, 90.0%, of the participants had more than 6 years 

teaching experience. This result indicated that the participants were experienced 

teachers.  The data was captured to show the characteristics of the teachers in terms of 

their qualifications and experience but not to use these parameters to compare their 

mole concept PCK.  

5.3 Teachers’ mole concept Content Knowledge 

This section presents teachers’ mole concept CK captured through the questionnaire, 

lesson observations, CoRes and PaP-eRs, and focus group discussion. The teachers’ 

mole CK determined by assessing their conceptual understanding and content 

representations of the underlying ideas under the mole concept topic as outlined by 

the syllabus.  
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The modified concept map for conceptual understanding of the mole concept, the three 

models for presenting the concept ‘amount of substance’ and lesson observations were 

used to assess the teachers’ conceptual understanding of the mole concept.  The 

aspects that were used to determine the teachers’ mole concept Content Knowledge 

were their understanding of the following: 

a) The evolution and significance of the mole concept in chemistry; 

b) The linking ideas between the atomic-molecular theory and the mole concept; 

c) Meaning of SI definition of the mole concept and relationships among the 

amount of substance, elementary entities, mass and volume; and 

d) Application of the mole concept. 

5.3.1 Knowledge of the evolution and significance of the mole concept in 

chemistry 

Understanding of the origin, evolution and the significance of the concept is one of 

the key aspects in conceptual understanding and teaching of any concept. Teachers 

were therefore asked to indicate if they had knowledge about the origin, evolution and 

significance of the mole concept. Their responses are shown in Table 5.2.  

Table 5.2:  Teachers knowledge about the origin, evolution and the 

significance of the mole concept 

 

 

 

 

 

All the teachers (100%) acknowledged that they covered the mole concept in 

chemistry education during their teacher training programme. However, only 7 

(23.3%) of the teachers indicated that they had knowledge of the origin and evolution 

of the mole concept.  When asked to give an account of the origin and evolution of the 

concept this category of teachers failed to trace the origin, and how the concept 

Aspects of mole concept background 

information 
Understanding the origin &significance of 

the mole concept  

Frequency(N=30) Percentage (%) 

learning  about the Mole concept during 

the teacher education programme 

 

30 

 

100 

Knowing the origin and evolution of the 

mole concept 

 

7 

 

23.3 

Understanding the significance of the 

mole concept in chemistry 

 

13 

 

43.3 
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changed overtime.  The results also indicated that 43.3% of the teachers acknowledged 

that they understood the significance of the mole concept in chemistry and gave a 

variety of reasons why the mole concept is an important concept.  

i. Mole concept allows chemist to use chemical equations to determine the number 

of moles, concentrations, mass and volume. 

ii. Mole concept is very important in chemistry, it acts as a vehicle through which 

we are able to count atoms and molecules. 

iii. It helps whether in industries or elsewhere in calculating the quantities to be 

used in a particular process. 

The above responses suggested that teachers understood the significance of the mole 

concept in chemistry.  During the CoRes and focus group discussion teachers 

reiterated that it was important for learners to understand the mole concept because it 

enables them to calculate the number of atoms or molecules in the given sample. 

Nonetheless, teachers did not discuss the significance of the mole concept when 

teaching the concept in class so as to help learners understand where the concept sits 

in the chemistry curriculum and its application in class and in industry. The findings 

indicate that although teachers learnt about the mole concept they did not understand 

the origin and evolution of the concept and hence they could not fully appreciate its 

significance in chemistry.   

5.3.2 Teachers’ understanding of the linking ideas between the atomic-

molecular theory and the mole concept      

Understanding of the link between atomic-molecular concept and the mole concept 

involves   the following;   

a) understanding of the atomic-molecular theory and the link, in terms of the 

number of particles, to the mole concept,   

b) conceptual understanding of relative atomic/ molecular mass, and 

c)  understanding of the link between the relative atomic/molecular masses and 

molar mass. 
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a) Understanding of the atomic-molecular theory and the link, in terms of the 

number of particles, to the mole concept 

Chemistry teachers were asked to state if they understood the atomic-molecular 

concept and relative atomic and molecular mass.  The majority (86.7%) of the teachers 

said that they understood the atomic-molecular concept. Their explanation of the 

atomic- molecular theory was as follows:  

Atomic -molecular theory of matter holds that atoms are the fundamental units of 

matter and that atoms are conserved in chemical reactions. In other words, chemical 

reactions involve rearranging of atoms to form molecules and compounds. 

This was an indication that teachers understood the atomic- molecular concept. 

However, among the teachers who said they understood the concept two of them failed 

to explain the meaning of the atomic-molecular concept. Teacher number 5 and 9 (T5 

and T9), gave the following wrong explanations.  

T5: This theory explains the behaviour and arrangement of particles in an atom. 

    T9: Atomic-molecular theory is the study of atomic structure and composition. 

The above responses came from qualified teachers to teach chemistry, they failed to 

explain the theory where the mole concept sits. Although teachers’ responses 

suggested that majority (86.7%) of teachers understood the atomic-molecular concept, 

lesson observation and focus group discussion revealed that teachers never brought 

out or discussed the concept to provide the background for the learners to understand 

and appreciate the significance of the mole concept in chemistry. Inspection of the text 

books used by teachers revealed that the chemistry books never made any comment 

on the atomic-molecular concept when introducing the mole concept. Teachers did not 

explicitly explain in class how the atoms and molecules link to mole concept despite 

all the chemistry teachers who responded to the questionnaire showed that they 

understood that 1 mole of a substance contains 236.02 10   atoms or molecules 

of substance. 
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b) Conceptual understanding of relative atomic/ molecular masses.  

All the respondents indicated that they understood relative atomic and molecular mass. 

When asked to explain what these two concepts mean, teachers tried to recite the 

definitions of these concepts as presented in text books.  Below are some of the 

responses of how the participants defined relative atomic and molecular mass.  

T2:    Relative atomic mass of an element is the number of times the mass of one atom 

of an element is as heavy as one twelfth of the mass of one atom of carbon -12. 

Relative molecular mass,( rM ) of a compound is the sum of all the relative 

atomic masses of the atoms in a molecule of the compound. 

T4:  Relative atomic mass of an element is the mass of its atoms compared with the 

mass of carbon-12. Relative molecular mass of an element/compound is the mass 

of its molecules compared to mass of carbon-12. 

T5: Relative atomic mass is the average mass of one mole of an element while relative 

molecular mass ( rM ) is the average mass of one mole of a compound or molecule 

T22: The atomic mass refers to the number of protons and neutrons in an atom of an      

 element. If this figure which is in g/mol is compared to a standard such as that of   

1/12 carbon-atom 12 the unit cancels out, for example the relative atomic mass 

for 
24

12 Mg ; 
24 /

    24
1

12 /
12

r

g mol
A

g mol

 



  leaving it without units. 

T27; Relative atomic mass is the average mass of an atom of an element, taking into 

account of its natural isotopes and their percentage abundance. Relative 

molecular mass is the ratio of the average mass of one molecule of an element or 

compared with one twelfth of the mass of an atom of carbon-12. 

The above responses showed that teachers tried to recall the text book definitions of 

which some of them ended up missing some key concepts in their definitions and 

ended up presenting wrong definition. At first glance the definition by T2 seemed to 

be correct but the definition left out the term, average mass of the isotopes of an 

element.  The average mass of isotopes of an element is what is compared with the one 

twelfth the mass of the most abundant carbon-12 isotope. The definition by T4 is also 
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a wrong definition because it leaves out two important ideas, average mass of the 

atoms of an element and one twelfth the mass of carbon-12. The average masses of the 

atoms of elements are not compared with the mass of carbon -12 but with one twelfth 

the mass carbon - 12. This mistake was common even in the text books.  The definition 

by T5 was totally wrong and confusing because it associated relative atomic mass to 

the average molar mass of an element or compound which does not make sense.   

While T 22 associated the relative atomic mass to the mass number of an atom and 

brought in the concept of molar mass. 

 The above responses given by teachers indicated that they did not have a conceptual 

understanding of relative atomic mass. Thus they could not differentiate the following 

concepts; mass number, relative atomic mass and molar mass. The lack of adequate 

understanding and the confusion over these concepts were evident from the way 

teachers presented these concepts in class.    During lessons teachers tried to recall the 

text book definition of relative atomic mass, they never tried to make any comment on 

how minute the actual masses of atoms of element are, and that relative atomic mass 

was the most convenient way of dealing with and manipulating of masses of atoms in 

calculations in chemistry.  The way Observed Teacher number 1 (OT1) presented 

relative atomic mass in class represents how the observed teachers presented the 

concept in class.  

OT1: Before we start the mole concept I would like us to look at relative atomic 

mass.    Remember we defined relative atomic mass in Grade 10. 

Then she asked the question to the whole class 

             What is relative atomic mass class? 

After the following wrong definitions by learners who tried to recall how the concept 

was defined in Grade 10: 

i. Total number of protons and neutrons in an atom. 

ii. It is the number that is at the top of the atomic symbol. 

iii. Number of times an element of a substance is heavier than one twelfth of a 

carbon-12 atom. 
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The teacher came in and continued without commenting on what was wrong with the 

above responses given by learners.  

 OT1 .... you have forgotten, you should be paying attention to definitions or else you 

won’t remember the definitions during the examinations... relative atomic mass is 

the mass of an atom of an element compared with one twelfth the mass of carbon – 

12 atom.  You see carbon has been picked as the standard to which masses of atoms 

are compared to ok!! 

The teacher went on to introduce the mole concept after that, without linking relative 

atomic mass to the mole concept.  The above definition was common among the 

observed teachers and textbooks.  The definition does communicate the idea that the 

masses that are compared to one twelfth of the mass of carbon-12 isotope are the 

average masses of isotopes of elements relative to their abundance percentages. Only 

one text book by Earl and Wilford (2008), entitled GCSE Chemistry, gave the 

following complete definition of relative atomic mass, Relative atomic mass (Ar) is the 

average mass of its isotopes compared with one – twelfth the mass of one atom of 

carbon -12.  The textbook presents the following mathematical representation of the 

definition of the relative atomic mass. 

      

1   -12 
12

r

Average mass of isotopes of an element
A

mass carbon isotope



 

The book goes further to explain that:  

1
12  of the mass of carbon – 12 is equal to 1 a.m.u. Carbon – 12 has 12 a.m.u 

1   12  1 . .
12

a mu   

 1 a.m.u  12 = 12 a.m.u 

 

However, this explanation and illustration does not bring out the idea of the actual 

mass of carbon-12 atom and 1/12 of the mass of carbon-12 atom which is a scale for 

atomic mass unit (a.m.u).  Secondary Chemistry a book written by Childs (2004) tried 
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to show how minute the actual masses of atoms are by illustrating how the relative 

atomic mass of hydrogen was calculated by dividing the actual mass of 1/12 the mass 

of carbon -12 atom into the actual mass of hydrogen. 

     

Ar of H =      

1/12      -12

mass of H atom

mass of an atom of carbon
 

-24

-23

1.4  10  

1   1.7  10
12

g

 
 

                                                          = 1.01   

 

The above observations indicated that, although teachers said that they understood 

relative atomic mass, they lacked the conceptual understanding of the concept.  This 

was evident during group discussions and the CoRes. They could not explain the 

meaning of relative atomic mass beyond the text book definition. Instead all they could 

say was that it is the number of times an atom of an element is heavier than that of 

carbon -12 isotopes. This was another misinterpretation of the concept. Masses of 

atoms of elements are compared with 1/12 of the mass of carbon-12 isotope not the 

mass of carbon-12 atom.  

The confusion over the meaning of mass number, relative atomic mass and molar mass 

was evident when teachers were asked to explain how they can determine the actual 

mass of an atom of an element.  The majority (90%) of the teachers, failed to explain 

how the molar mass can be used to find the mass of one atom of an element. Only 10% 

of the teachers gave the correct explanation that:  

The masses of atoms and molecules can be calculated by dividing the number of those 

particles in one mole   236.02 10  atoms /molecules per mole into the molar mass (mass 

of one mole of that substance). 

While the rest of the teachers gave totally wrong explanations, below are some of the 

samples of their responses: 
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i. Using the relative atomic masses in the periodic table because it is mass of an 

atom. 

ii. The mass of atoms can be calculated in relation with rA  or 
rM  by using the 

formula
rm M m   or 

rm A m  . 

iii. Mass of one atom or molecule of substances can be found by multiplying moles 

with molar mass. 

The above responses suggested that teachers treated relative atomic mass for elements 

on the periodic table as the mass of individual atoms of elements. They also associated 

the measured mass (at macroscopic level) of a substance, or which can be calculated 

by multiplying the molar mass and moles, as the mass of an atom (at microscopic 

level). 

 The above confusion over these concepts was further confirmed during the focus 

group discussion when teachers were asked to state the relative atomic mass of oxygen 

(O) and the actual mass of one oxygen atom in grams. All the seven teachers were 

quick to say that: 

The relative atomic mass of O is 16.00 without units and the mass of one O atom is 

16.00 g. 

 After probing further during the discussion they realised that O atom cannot weigh 

16.00 g in reality. They later linked 16.00 g to the mass of one mole of oxygen atoms 

(Avogadro’s number of atoms). Then calculated the actual mass of one O atom by 

dividing 16.00 g by the number of O atoms in one mole of oxygen atoms.   

 c) Teachers’ understanding of the link between the relative atomic/molecular mass 

and molar mass 

Teachers explained that relative atomic mass is linked to molar mass of an element in 

that relative atomic mass is equal to the molar mass of that element except that molar 

mass has units, grams per mole (g/mol). They also pointed out that molar mass of a 

compound or molecule is calculated using relative atomic masses of elements present 

in that compound. According to them this is how the two concepts are linked. The 

samples of teachers’ explanation of the link between relative atomic/molecular mass 
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and molar mass given below illustrates how teachers’ understood the link between 

these concepts. 

T 2…  Molar mass is either relative atomic mass or molecular mass expressed in g/mol 

for example potassium (K) element has relative atomic mass of 39 hence its molar 

mass is 39 g/mol.  

T7: …If you are given the mass of an element or a compound you divide mass by 

molar mass or relative molecular mass, abbreviated as mister (Mr) to find the 

number of moles. Number of moles (n) = mass given (m)/ relative molecular mass 

(Mr). 

The above responses indicated that teachers did not actually understand the link 

between relative atomic/molecular mass and molar mass.  The responses also 

confirmed that the two concepts were treated as the same when calculating the ‘amount 

of substance’ (number of moles) using mass and molar mass.  Textbooks used by 

teachers also used relative atomic mass (Ar) or relative molecular mass (Mr) in place 

of molar mass in the calculation of the amount of substance. Only one book, Secondary 

Chemistry, consistently used molar mass and the units in the calculation of the amount 

of substance. This also indicated that text books also presented misleading link and 

association among relative atomic mass, molar mass and mass of a substance.  

 5.3.3 Teachers’ understanding of the meaning of the SI definition and the 

relationships among the amount of substance, elementary entities, mass and 

volume  

The ability for teachers to explain the meaning of SI definition of the mole concept 

and the relationships among the amount of substance, number of elementary entities 

(NA), mass (m) molar mass (M) volume (v) and molar volume (Vm) is one of the 

indicators of teachers conceptual understanding of the mole concept. Table 5.3 

presents the percentage of the participant who acknowledge that they understood the 

SI definition of the mole concept and the relationships among the amount of 

substances and the above stated quantities. 
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Table 5.3: Teachers Understanding of the SI definition of the mole concept 

 

The results indicated that nearly all the respondents (96.7%), affirmed that they 

understood the meaning of the mole concept. When asked to explain the meaning of 

the SI definition of the mole concept in their own words, teachers came up with a 

variety of descriptions of the SI definition. The following versions represented those 

descriptions:  

i. The mole is a unity of measurement used in chemistry to express the amount of 

chemical substance that contain as many atoms as they are in 12 grams of pure 

carbon- 12. 

ii. Means that one mole of any substance contains as many elementary entities as 

there are in 12 g of carbon -12. 

iii. The number of particles, either atom, molecules or ions in 0.012 kg of C-12 

isotope, represents one mole of a substance. therefore, any substance that has 

one mole must have the same particles as there are in 0.012 kg of C-12 isotope 

atoms. 

 

The above interpretations of the SI definition by teachers indicated that they 

understood the definition of the mole concept.  Their description brought out the 

following aspects of the mole concept 

i. The mole concept is a measuring unit in chemistry 

ii. This measuring unit is based on the standard Pack, that the number of atoms 

contained in 12 g of carbon -12 isotope 

 

Aspects of the SI definition 

Number of Teachers understanding the 

aspects of SI definition 

Frequency (N=30) Percentage (%) 

 

Understanding of the meaning of the SI 

definition of the mole concept 

 

29 

 

 

96.7 

 

Understanding the link among  amount of 

substance with number of elementary entities 

(NA), mass (m) molar mass (M) volume (v) 

and molar volume (Vm) 

 

 

29 

 

 

 

96.7 
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iii. The mole is used to express the amount of chemical substance in a substance. 

However, teachers did not use the term ‘amount of substance’ instead they used the 

following terms ‘chemical quantity’ and ‘amount of chemical substance’ in their 

description of the mole concept. When teaching the term ‘number of moles and moles 

were mostly used by teachers instead of the amount of substance. Below is how OT3 

presented the mole concept in class. 

OT 3... A mole contains approximately 236.02 10  particles (atoms or molecules or 

ions). The unit of measurement for a mole is mol General formulary for calculating 

the mole is;   
 

mass
mole

molar mass
  

…Molar mass is either relative atomic mass or molecular mass expressed in g/mol for 

example sodium (Na) has relative atomic mass of 23 hence its molar mass is 23 g/mol 

……while the mass, is the mass of a substance given in the question. 

From the way the concept was presented it appeared that teachers understood that the 

mole is the quantity for any substance that contains as many particles as they are in 12 

grams of carbon – 12. Its unit is the ‘mol’ the abbreviation of the quantity the ‘mole’. 

This indicated that teachers did not understand the meaning of the quantity ‘amount 

of substance’. When they were asked during the focus group discussion why they 

rarely used ‘amount of substance’, teachers said, …we are not comfortable to use the 

term ‘amount of substance’ as the SI quantity whose unit is the mole (mol)… We are 

not sure about the meaning of the amount of substance, in that the way it is expressed 

in the SI definition of the mole concept it may mean the quantity of any substances, 

which is usually understood as the quantity of matter to mean mass of a substance. 

Teachers reaction indicated that they did not adequately understand the quantity. 

Table 5.3 shows that most (96.7 %) of the respondents acknowledged that they 

understood the relationship between amount of substance (n) and mass (m), molar 

mass (M), volume (V), molar volume (Vm), and number of particles (N). Participants 

expressed the association of the amount of substance with the above quantities and 

constants using mathematical representations only as shown below.  
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   ( )   
 /     r r

mass m
Number of moles n

molar mass relative atomic mass A or M
   

   ( )   
   v

volume v
Number of moles n

molar volume M
  (s.t.p or r.t.p) 

Number of elementary entities = mole    Avogadro’s constant. 

Nonetheless teachers did not go beyond the above mathematical interpretation of the 

association among the above concepts. They could not bring out the chemical meaning 

(qualitative aspect) by explaining the above association in terms of the relationships 

among the macroscopic and microscopic knowledge levels. In their expressions of the 

association among moles, mass and molar mass, teachers either divided relative 

atomic/molecular mass or molar mass into the mass to find the number of moles. 

Indicating that they did not have the conceptual understanding of the meaning of these 

two concepts, the difference between the two concepts and how they link to each other. 

Their presentation of the above relationships mirrored most the text books 

representations, and were characterised by algorithmic approaches. After defining the 

mole, teachers went straight to present the above formulae of how to calculate moles 

and number of particles from mass, then went on to give examples for each.  

No attempt was made in the observed lessons to give learners an opportunity, through 

hands – on activities, to manipulate the macroscopic quantities and concepts (masses, 

volumes, elements and compounds), and symbolic knowledge (chemical formulas 

letters for/ of elements names, atomic number, measurable quantities, units and 

constants).  Then link the macro and symbolic knowledge to microscopic concepts 

(Molecules, atoms and ions), for them to have a conceptual understanding of how 

macroscopic measurements are linked to counting of intangible entities.  The way 

teachers defined and presented the meaning of the mole concept and the association 

among the amount of substance, mass, molar mass, volume, molar volume and 

Avogadro’s constant, indicated that teachers did not adequately understand the mole 

concept. 
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5.3.4 Application of the mole concept 

Teachers’ CK on the application of the mole concept was assessed and presented 

under the following:  

a) Understanding of the meaning of the empirical formula;  

b) Expression of molar concentration of solutions; and  

c) Conceptual understanding of stoichiometric calculations.   

a)  Understanding of the meaning of the empirical formula 

The study looked at how the observed teachers presented the concept, in terms of how 

they demonstrated the understanding of where empirical formula sits within the mole 

concept topic, their understanding of the gate – keeping concepts in understanding 

empirical formula, and how they explained the meaning of the concept.  It was 

observed that OT2 and OT5 taught empirical formula before introducing the mole 

concept while OT1, OT3 and OT4 presented the concepts after introducing the mole 

concept. This indicated that OT2 and OT5 did not understand where the concept sits 

within the mole concept. It was also observed that all the teachers did not take time to 

explain the meaning and the significance of percentage composition by mass in 

chemistry. Percentage composition by mass is a bridging concept in the understanding 

of the empirical formula. The teachers just presented the meaning of percentage 

composition by mass by stating the formula shown below.  

 

        
   100

    

mass of an element present in a compound
Percentage composition

mass of a compound
   

 

Teachers did not explain that percentage composition by mass of elements present in 

a given compound is constant and it can be used to determine actual masses of each 

element present in any given mass of a compound. They also failed to bring out the 

concept that the mass percentages of elements add up to hundred percent, which entails 

that in every 100 grams of any given compound the mass percentages of elements 

present are equal to their masses. Teachers’ understanding of the percentage 

composition by mass was limited to operational definition of the concept. This was 
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evident during focus group discussion when they were asked to find the mass of 

chlorine present in 50 grams of common salt (sodium chloride), they struggled to find 

the answer, they did not know where to start from. One of the teachers answered, 

It is 25 grams since there is one chlorine atom and one sodium atom in each sodium 

chloride (NaCl). The mole ratio is 1:1 

When the other teachers were asked whether or not their colleague was correct, they 

quickly confirmed that she was right. This was wrong. The above response 

demonstrated that teachers did not have a conceptual understanding of the link 

between percentage composition and empirical formula and the application of 

percentage composition by mass in chemistry. 

After giving a few examples on the calculation of percentage composition teachers 

quickly introduced the empirical formulae. The document analysis revealed that the 

following versions of the definition of the empirical formula presented by the observed 

teachers showed that they just copied the definition from the textbooks they were 

using. 

i. Empirical formula shows the number of atoms of elements in a compound in 

their simplest whole number ratio (Holdernes and Lambert,1987). 

ii. Empirical formula is a formula showing the simplest ratio of atoms present (Earl 

and Wilford, 2008). 

iii. It is the simplest formula of a compound (Childs, 2004). 

After presenting the above versions of text book definitions of the empirical formula 

teachers proceeded to outline the steps involved in determining the formula as follows; 

1. Identify the various elements present in a compound 

2. Find the masses in grams of each element present using the mass percentage 

composition 

3. Determine the number of moles of each element present in a compound 

4. Divide each number of moles by the smallest value of the number of moles 
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The lesson observations also revealed that even those teachers who presented 

empirical formula before introducing the mole concept, presented steps 3 and 4. When 

learners asked about the meaning of the mole, teachers simply told them that the 

concept would be covered in the next lesson. When determining the number of moles 

for each element relative atomic masses (Ar) was used instead of molar masses of 

elements. This mix up was evident even in the textbooks used by teachers. Teachers 

did not make an attempt to interpret the empirical formula in terms of the simplest 

mole ratios of elements in one mole of a compound even after presenting steps 3 and 

4. The above findings indicated that despite knowing the steps involved in the 

determination of the empirical formula, teachers did not understand the concept as 

expected. 

 b)  Molar concentrations of Solutions 

Teachers presented the concept without discussing what a solution is, the components 

of a solution   and the types of solutions learners might have known. Teachers started 

the discussion of the concept with the definition of what concentration is and right 

away presented the formula of how to find the concentrations.  Below are some of the 

examples of how the observed teachers presented the concept; 

OT 1...The concentration of a solution is the amount of a solute dissolved in a unit 

volume of the solution.... the concentration of a solution is given either in g/dm3 or 

mol/dm3. To calculate concentration, the following formula is used 

3

   ( )

   ( )

mass of solute g
Con

volume of solution dm
  

                            Or 

               
3

     ( )

   ( )

number of moles of solute mol
Con

volume of solution dm
  

 

OT 2....Concentration can be defined in two ways 

i. Amount of solute dissolved in 1dm3of solution:   (  )

 ( )

mass solute
Con

volume solution
  

                 Or  
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ii. Moles in 1 dm3 of solution:    (  )

 ( )

moles solute
Con

volume solution
  

 

OT 4....Concentration is the amount of substance per unit volume  

                                  

n
C

v
 .    It can be calculated in g/cm3 or mol/dm3 

The above definitions of concentration suggest that according to teachers’ expression 

of concentrations using mass or moles of a solute is one and the same. Teachers did 

not make any attempt to explain to learners that the common and standard way of 

expressing concentrations is   moles of solute per decimeter cubed of a solution, and 

it is called the molarity (M) of the solution. The use of the term ‘amount’ in the above 

definitions seemed to indicate that when teachers use the term they associate it to mass 

or number of moles (amount of substance).  After presenting the formula teachers 

proceeded to give examples. No teacher involved learners in making of a solution 

using bench reagents like sodium chloride (NaCl) or sodium hydroxide (NaOH) 

solution of a certain concentration. Instead they emphasised on the memorisation of 

the definition and the formula of how to express the concentration without 

understanding the meaning and the significance of the concept in chemistry.  

It was also observed that the observed teachers did not teach dilution after discussing 

the concentration; instead they attempted to discuss the concept under stoichiometry 

calculations involving solutions.    

c) Conceptual understanding of stoichiometric calculations  

This section presents how teachers understood and presented the calculations of 

quantities of reacting substances. It also presents how teachers discussed what a 

chemical equation is and how it is used to calculate the amount of substance, masses, 

volumes and concentrations of reacting substances. All the observed teachers 

discussed and presented these under the sub topic ‘Calculations using chemical 

equations’. Teachers introduced this subtopic, by first explaining the importance of a 

chemical equation in the calculations of moles, masses and volume of reacting 

substances. Thereafter, presented the steps to follow when calculating quantities of 
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reacting substances using equations.  A typical example of how teachers presented this 

subtopic is illustrated by OT4 below.    

OT4…Remember we discussed what a chemical equation is in grade 10…a balanced     

chemical equation provides quantitative information about the reactants and 

products. It allows us to calculate the masses or volumes of the reactants and 

products. When carrying out calculations from equations we follow these steps:  

 

Step 1: Write the balanced equation for the reaction,  

Step 2: Write the mole ratio for the chemical substance in question, 

Step 3:  Calculate the number of moles of each substance in question, and  

Step 4: Find the quantity required by equating the mole from step 2 and 3 

The teacher then straight away went to give the following example, 

 Limestone decomposes when heated as shown in the equation. What mass of limestone 

is needed to produce 54 g of calcium oxide? 

 

 3 2( )  ( )  ( )HeatCaCO s CaO s CO g                                    (5.1) 

1mol                             1mol 

1(100)                             1(56) 

=100 g                            = 56 g 

3100 g CaCO  56 g CaO

               x   84 g CaO




 

56g x 100 g × 84 g 8400 g
 =  = 

56 g 56 g 56 
 

3x = 150 g CaCO  

The above outline of how OT4 solved the example was typical of the approach the 

observed teachers used to solve stoichiometry problems. Despite outlining steps 1 up 

to 4 that would have allowed them to think in terms of moles, they actually approached 

the problems in terms of mass proportions, purely mathematical algorithmic approach, 

the chemistry reasoning was absent. That is the understanding of the chemical 
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reactions in terms of the actual moles substances taking part in a chemical reaction. 

Hence having the conceptual tool to understand chemical reactions at microscopic 

level. This also suggested that teachers did not have a conceptual understanding of the 

mole concept and its significance in chemistry. The algorithmic approach was more 

evident when presenting stoichiometry problems involving aqueous solutions, acid 

base reactions. The reaction between dilute hydrochloric acid and sodium hydroxide 

was the common example used by the teachers and they used the same approach to 

find the concentration of the acid that reacted with the base, as illustrated in the 

example below given by OT5. 

A 25.0 cm3 solution of 0.5M of sodium hydroxide reacted with 30.0 cm3 of hydrochloric 

acid.  

When calculating the concentration, we first write the balanced chemical equation for 

the reaction. 

The teacher then invited pupils to come up with a balanced chemical equation, and 

they managed to write the equation after some attempts   

2NaOH(aq)+ HCl(aq)   NaCl(aq) + H O(l)                                                 (5.2) 

Then the teacher continued  

To calculate the volumes and concentrations in a reaction involving solutions we use 

the following formula  

1 1 2 2M V  = M  V  

    1M  is the concentration of the base and 
1V is the volume of the base, 

2M is the concentration of the acid which we don’t know and 
2V is the volume of the 

acid 

The teacher then commented 

 Here the units for volume may be either be in centimetre cubed or decimetre cubed, 

let us use the centimetre cubed 
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 Data 

1M = 0.5    
1V =25.0   

2V = 30.0   
2M =? 

Let us now substitute these values in the equation  

20.5 × 25.0 = M  × 30.0  

2

0.5 × 25.0
M  =  = 0.4M

30.0
 

 After finding the answer the teacher emphasised that, 

 Make sure you don’t forget the formula and you should be careful not to swap the 

values when substituting in the formula 

The focus was for the learners to master the formula without understanding the 

chemistry principles behind the formula. It was evident that during the focus group 

discussion when teachers were asked to explain the meaning and why they used the 

formula, 
1 1 2 2M V  = M  V . They explained that the formula was used because the moles 

of the acid and the base in equation 5.2 were equal in that they reacted in a 1:1 ratio. 

In this case their explanation was correct. But they did not understand   that this is a 

standard formula that explains the dilution principle which states that the number of 

moles of the solute in a given volume of a concentrated solution remains the same 

after dilution of that solution. Though the teachers found the correct concentration of 

the hydrochloric acid, they struggled to use the same formula when the ratio between 

the base and an acid was not 1:1.  The reaction between sulphuric acid and sodium 

hydroxide was used as an example during group discussion.    

The third part to be taught under stoichiometry was the determination of the limiting 

and excess reactant in a chemical reaction. The observed teachers presented the section 

by directly defining a limiting and excess reactant and thereafter gave some examples 

of how a limiting reactant is determined. 
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The following represents the versions of how the observed teachers defined limiting 

reactants 

i. A limiting reactant is one which is completely consumed in a chemical reaction. 

When a limiting reactant is completely consumed the reaction stops. 

ii. A limiting reactant is the one that determines the amount of the products 

produced in a chemical reaction.  

iii. In a reaction sometimes you can be given a fixed amount for all the reactants 

present … it is important to note that one of the reactant would finish before the 

other. This is called a limiting reactant. 

Below are some of the samples of examples given by specific teachers of how to 

determine a limiting reactant of a reaction.  

Teacher number 1 (OT1) used the following example to present the steps involved in 

the determination of a limiting reactant. 

Example 1. 

A 200 g sample of ammonia is mixed with 400 g of oxygen. Identify the limiting 

reactant and the reactant in excess 

Step 1 writes a balanced chemical equation for the reaction  

Teacher involved the learners in constructing the balanced chemical equation 

3 2 24NH (g) + 5O (g)    4NO(g) + 6H O(g)                                              (5.3) 

Step 2 Work out the number of moles of each reactant 

Ammonia (
3NH ) and Oxygen (

2O ) 

3NH                                                  
2O  

m
n = 

mm
                                                       

m
n = 

mm
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200 g
=

17 g/mol
                                               =  400 g

32 g/mol
 

= 11.8 mol                                              = 12.5 mol 

Step 3.  Now we compare the moles of the reactants available and pick one with the 

smaller (least) number of moles.  

Then the teacher said that: The limiting reactant is oxygen because it has the small 

number of moles while ammonia is in excess.   

This was a common approach in determining the limiting reactant among the observed 

teachers, except OT 3 who went further than step three to use the stoichiometric 

coefficients as shown in the example 2 below: 

Example 2. 

 A 40 g of calcium carbonate was reacted with 7.3 g of dilute hydrochloric acid. 

Determine the limiting reactant.   

Step 1.  Write a balanced chemical equation for the reaction 

3 2 2 + 2HCl    CaCl + H O + COCaCO                        (5.4) 

Step 2.  Work out the number of moles of each reactant 

(a) moles of  3CaCO  = 
40 g

400 g/mol
 = 0.4 mol 

(b) moles of HCl = 
7.3 g

36.5 g/mol
 = 0.2 mol 

Step 3.  Determine the limiting reactant by calculating stoichiometrically the number 

of moles of each reactant that reacted. 

Without explaining what he meant by stoichiometrically, he continued the 

calculation as shown below: 

Take the mole ratio of the reactant 
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(a)  
3CaCO  

1 mol 
3CaCO   2 mol HCl  

0.4 mol   x  

x  =   0.4 x 2 = 0.8 mol 

The limiting reactant is dilute HCl since only 0.4 moles available when 0.8 mol is 

required 

Let us now determine the moles of 3CaCO which were in excess 

1 mol 
3CaCO   2 mol (HCl) 

x             0.2 mol 

= 
2 0.2

 = 
2 2

x
 

x   = 0.1 mol (
3CaCO ) 

0.4 – 0.1 = 0.3 mol 

The teacher did not explain in full what he was doing for learners to understand how 

stoichiometry coefficients were being used. 

The group discussion revealed that teachers did not have an adequate understanding 

of what a limiting reactant is. This was because when asked to explain how a limiting 

reactant of a chemical reaction is determined, all the participants including OT3 who 

seemed to have understood the concept, gave a wrong explanation.  After a few 

arguments they agreed that when determining a limiting reactant, you calculate the 

number of moles of the reactants a limiting reactant is the one with the smaller number 

of moles in that it will be completely consumed and the reaction will stop. When 

teachers were probed further why it is not correct to directly compare calculated moles 

of reactants and pick the one with small number of moles as the limiting reactant, and  
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to comment on why the mole ratio of the reactants where used to determine the limiting 

reactants in the second example.  

Teachers struggled to explain, and there was a split among the participants.  Some still 

reiterated that it is appropriate to compare the actual number of moles of the reactants 

available and consider the one with the smaller number of moles as a limiting reactant 

because it will be completely consumed. While others said that taking the mole ratio 

of reactants is the correct way in that it helps to determine the smallest number of 

moles in a reactant that will limit the reaction based on the mole ratios of a balanced 

chemical equation. These indicated that teachers did not have the conceptual 

understanding of limiting and excess reactants. Example 2 shows that the focus when 

teachers were teaching stoichiometry was mathematical algorithm operation not 

chemistry. In example 2, OT3 asked learners to calculate the number of moles of 7.3 

g of HCl solution that reacted with 40 g of 3CaCO . The question did not make any 

scientific sense, because it is very difficult to find the moles present in 7.3 g of HCl 

solution. The mass of that solution contains 
2H O  molecules as a solvent. The teacher 

was supposed to have a volume and concentration to solve the moles of HCl.  

The last concept to be taught under the mole concept was percentage yield. Again the 

focus of the observed teachers was to define what the percentage yield is and 

presentation of the formula used to calculate the percentage yield. No reference to 

practical example and a detailed explanation why a theoretical yield is hundred percent 

and actual yield of a chemical reaction is less hundred percent. Thus teachers did not 

demonstrate the understanding of the difference between theoretical and actual yield 

for learners to have a conceptual understanding of what these two concepts mean. 

Teachers just explained theoretically that; a theoretical yield is the yield calculated 

using a balanced chemical equation, while the actual yield is the one obtained through 

an experiment and it usually given in the question. An experiment could have helped 

the learners to understand the theoretical, actual yield and the meaning of percentage 

yield. 
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5.4 The teachers’ mole concept Pedagogical Content Knowledge 

Teachers’ Pedagogical Content Knowledge was captured through lesson observation, 

Content Representations (CoRes) and focus group discussion. Teachers filled in the 

CoRes separately; their CoRes were discussed to come up one CoRes framework to 

represent their mole concept PCK. The aim was to assess the following components 

of the mole concepts PCK:  

a) Curriculum saliency; 

b) What makes the topic easy or difficult to understand? 

c) Learners ‘prior knowledge, misconception and learning difficulties; 

d) Presentations and analogies; and 

e) Conceptual strategies. 

Apart from the above knowledge components, the CoRes also has a characteristic to 

capture the teachers’ content knowledge under each subtopic (big idea) of the mole 

concept topic. The teachers’ Professional-experience Repertoires (PaP-eRs) were 

captured as participants’ overall reflection on the teaching of the mole concepts and 

the comments they made during focus group discussion of the presentation of each 

topic. The captured teachers’ mole concept CoRes is attached as Appendix 2.  

 5.4.1 Curriculum Saliency 

In the context of the mole concept topic, curriculum saliency refers to the 

understanding of the link among various concepts, ideas and subtopics within the topic 

and an understanding of where the mole concept sits in the chemistry curriculum 

(science 5124 and chemistry 5070 syllabi). Thus this knowledge component captured 

the teacher’s ability to decide which ideas and concepts within the topic are the most 

central and which are more peripheral.  Such understanding enables the teacher to 

judge the breadth and the depth to which a topic should be covered and hence the 

amount of time to spend on it. This knowledge domain was observable from the 

teachers’ decisions with respect to the sequencing and which concepts and ideas under 

the mole concept topic were considered most central and the one which were more 

peripheral. This knowledge was captured by the following questions: 
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1.  What do you intend the learners to learn about this idea/concept? 

2.  Why is it important for learners to know this?  

3.   What else you might know about this idea that you don't intend learners to know       

yet? 

The teachers’ decisions when presenting various ideas under the mole concept and 

their responses to the above questions under each underlying mole concept ideas and 

concepts, gave an indication that what teachers considered to be central ideas were 

text book definitions. Take for instance teachers did not discuss the following ideas 

when introducing the mole concept: 

 The atomic molecular theory;  

 How minute the masses of atoms and molecules are?   

 How carbon-12 was picked as a standard scale; and 

 The idea of relative atomic mass and how it links to mole concept through molar 

mass.  

These ideas are more central for conceptual understanding of the mole concept than 

textbook definitions. They left out most of the ideas that were central to the 

understanding of the ideas under the mole concept because those ideas were not 

discussed in text books.  

 It was also observed that sequencing of the mole concept in the schemes of work did 

not reflect the teachers understanding of where the mole concept sits in the curriculum 

(Appendix 4). The topic was taught in Grade 11 term two after the acids and bases, 

long after the atomic theory and language of chemistry were covered in Grade 10 

(Appendix 5). When probed during focused group discussion why they taught mole 

concept in Grade 11, not in Grade 10 immediately after covering atomic theory and 

the language of chemistry, teachers said that… the mole concept was difficult for 

learners in Grade 10 because the mathematics involved in the topic was challenging.  

This was their pedagogical reason for not teaching the topic in Grade 10. 
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The sequencing of the subtopics within the mole concept topic was not in a correct 

teaching order to enhance understanding of the topic.  Teachers either taught empirical 

formula before introducing mole concept or after covering the stoichiometry as shown 

by the sample of the schemes of work, which was wrong.  The CoRes (Appendix 2 

show that teachers did not show the in-depth understanding of most of the concepts in 

that what they indicated as the knowledge they knew which learners were not to 

supposed to know under each subtopic was actually what the learners needed to know. 

The above observations and participants’ responses to PCK questions in the CoRes 

suggested that teachers’ curriculum saliency knowledge domain was inadequate.  

 5.4.2 Teachers’ knowledge of what makes the mole concept easy or difficult to 

understand 

This is the teachers’ ability to identify bridging concepts, within a topic, that are 

difficult to understand. The knowledge triggers dedicated awareness and possible 

interventions for teaching them.  This Knowledge domain was captured through the 

questionnaire, lessons observation and the CoRes. The focus in the questionnaire was 

to assess the teachers’ own perception of how they found teaching various ideas under 

the mole concept.   The lesson observations assessed this knowledge by looking at the 

teachers’ ability to identify the key concepts that learners found difficulty.  The 

concepts that the teachers emphasised and spent time on so that learners would 

understand the big ideas. In the CoRes this knowledge was captured through the 

following questions: 

4. What difficulties and limitations are connected with the teaching of this idea?   

5. What do you know about learners thinking that influence your teaching of this idea? 

7.  What other factors that influence your teaching of this idea?   

This section therefore first presents the teachers own perception of how easy or 

difficulty it was to teach the subtopics of the mole concept.  Highlighting the 

difficulties and limitation connected with the teaching of the mole concepts as 

identified by the participants and conclude by outlining the main teaching difficulties 

of the mole concept. 
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It was important to find out how chemistry teachers from their own experience found 

the teaching of various sub topics under the mole concept. This was because it gave a 

general idea of teachers’ understanding of what makes the mole concept difficulty or 

easy to teach and their professional-experience repertoires (PaP-eRs). Figure 5.2 

shows the teachers perception of how easy or difficult `they found teaching various 

subtopics under the mole concept. 

 

 

Figure 5.2:  Chemistry teachers’ perception of the level of difficulty of teaching 

various sub topics of the mole concept  

 
 
KEY  

Labels Mole Concept subtopics  

SUB T1 Relative atomic and molecular mass 

SUB T2 Percentage composition ,empirical and molecular formulae 

SUB T3 Calculations of moles, particles and masses of substances 

SUB T4 Calculations of moles, particles and volumes of gases 

SUB T5 Concentrations (molarity) and application of law of dilution 

SUB T6 Stoichiometry- reacting masses and volumes of gases 

SUB T7 Volumetric analysis involving different types of acid-base reactions 

SUB T8 Limiting and excess reactants 

SUB T9 Percentage yield and percentage purity  
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The statistics gave a general picture that suggested that teachers found it easier to teach 

the following ideas; relative atomic and molecular mass, percentage composition and 

empirical and molecular formula than subtopics under stoichiometry. This seemed to 

suggest that teachers understood the linking ideas more than the meaning of the mole 

concept, its significance and its application in chemistry.  Teachers identified the 

following as some of the difficulties and limitations they faced in the teaching of the 

sub topics of the mole concepts.  

i. Pupils fail to differentiate the differences among the following words; Relative 

molecular mass, molar mass and molar volume.  

ii. The syllabus shows that mole concept is one of the Grade 11 topics... one has to 

revise the Grade 10 work before proceeding with the topic because it is not 

related to Grade 11 topics. 

iii. Some Grade 11 pupils do not know how to write chemical formulae of 

substances.  Hence they face problems in writing and balancing of chemical 

equation. 

iv. The mole concept is an abstract concepts and learners find difficult to 

understand the definition of the mole concept and there is no proper definition 

to make pupils understand the meaning properly. 

v. Weak mathematics background they have problems with changing the subject of 

the formula and proportional thinking.  

vi.  They face difficulties to find the number of particles from mass and volume and 

moles from given concentrations. 

vii. Learners perceive mole concept as a difficulty topic. 

viii. Lack of teaching and learning materials. 

ix. Large class sizes. 

Despite being aware of all these limitations and difficulties the observed teachers 

never exhibited this knowledge in practice. As already presented in the findings 

earlier, teachers did not take time or pay attention to these limitations. When 

introducing various ideas under the mole concept for instance, no attempt was made 

by the teachers to revise or comment on the underlying ideas and concepts under the 
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atomic theory where the topic sits, no attempt was made to engage learners in any 

hands on activities in trying to link the macro (concrete knowledge) and micro 

(abstract knowledge) knowing very well that the topic mole concept is abstract. The 

concepts were presented as ‘standard’ knowledge, as presented in text books, which 

has to be learned by learners. Teachers emphasised on the need for learners to 

remember the definitions and master the formulae in preparation for the examinations. 

The above observations indicated that teachers’ knowledge of what makes the mole 

concept difficult to teach was not fully developed as a component of mole concept 

PCK. 

 5.4.3 Teachers’ knowledge of Learners ‘prior knowledge, misconception and 

learning difficulties 

The above knowledge component refers to the teacher’s awareness of learners’ prior 

knowledge, alternative conceptions, misconceptions and knowledge of learners’ 

difficulties of the mole concept. This knowledge helps the teachers in interpreting 

learners’ actions in class as well as planning effective ways to overcome learning 

difficulties.  In the CoRes this knowledge was addressed by the following questions. 

5. What do you know about learners thinking that influence your teaching of this idea? 

6. What do you know about learners’ difficulties in learning this idea? 

In the classroom context this knowledge was captured by assessing the teachers’ 

awareness of learners’ level of thinking (conceptual profile zone), their alternative 

conceptions and misconceptions that affected the learning of the underlying ideas 

under the topic.  The CoRes, Appendix 2 for teachers shows that despite being aware 

of the following learners thinking and learning difficulties that affects the learning and 

teaching of the mole concept, teachers did not take time to attend to these learners’ 

misconceptions and learning difficulties. 

 Pupils think that mole concept is one of the most difficult topic in chemistry. 

 They do not really understand the relative atomic mass.  

 Determining the chemical formula of a given compound before calculating 

the relative molecular mass is a challenge. 
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 Most pupils do not know the masses of an atom or element.  

 To distinguishing between relative atomic mass of an atom and the mass of 

an atom. 

 The definitions mostly possess a great challenge to the pupils. 

Teachers did not exhibit the ability to understand the learners thinking that might have 

been the source of learners’ misconception and difficulties in understanding the topic. 

Thus they found it difficult to identify and comment on learners’ prior knowledge, 

their alternative conceptions, misconceptions and learning difficulties. Teachers rarely 

commented on learners’ wrong answers, as exhibited by OT, to bring out their 

misconceptions. The captured CoRes shows that teachers knew very little about 

learners thinking that influenced the teaching of the underlying ideas under the mole 

concept.   This indicated that teachers’ knowledge of learners’ misconception and 

learning difficulties as a component of mole concept PCK was inadequate to support 

effective teaching and learning of the mole concept.  

5.4.4 Presentations and analogies 

These are ways of framing ideas to support effective teaching and learning.  The 

component refers to a range of subject matter representations including examples, 

illustrations analogies, simulations and models.  These help to transform the subject 

matter and communicate effectively for learners to understand the content. The 

teachers’ responses to the following questions captured this knowledge domain.  

8. What teaching strategies do you use to teach this concept? 

9. Why do you use these strategies to engage learners with the idea? 

Their responses to these questions and their actual presentations indicated that 

teachers’ knowledge domain was limited to general PCK. The lesson observation, 

focus group discussion and the CoRes all indicated that teachers used general 

approaches when introducing the concepts and ideas. Teachers rarely used 

illustrations, analogies, simulations and models when teaching. The only illustration 

that was used was the use of dozen, and unit when explaining the meaning of the mole. 

Teachers claimed to use both teacher centered and learner centered approaches 
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through the use of the following strategies; teacher exposition, question and answer, 

and discussion. These are general strategies which may differ from the way they are 

executed depending on the concept and ideas being presented.  They failed to exhibit 

and demonstrate how to unpack the meaning of each concept and idea under the mole 

concept for learners’ conceptual understanding.  

 5.4.5 Conceptual strategies. 

Conceptual strategies refer to effective instruction strategies for helping learners to 

overcome known learning obstacles and misconceptions. It involves the use of the 

combination of conceptual principles and rules of a topic as tools to confront potential 

confusion and misconception. The following CoRes prompts were used to capture this 

knowledge component of the teachers’ mole concept PCK. 

 5. What do you know about learners thinking that influences your teaching of this     

idea? 

 8. What teaching strategies do you use to teach this concept? 

  9. Why do you use these strategies to engage learners with the idea? 

The following responses in the captured CoRes for teachers (Appendix 2), indicated 

the strategies teachers used when teaching the concepts.  

 In other ways all the teaching strategies are used, from teacher-centered to 

learner centered and finally for consolidation, employ group work strategy. 

 Introduce the topic, give a few examples and then give either class exercise 

or home work.  

 This was evident in class that teachers presented ideas under the mole concept using 

the general approach.  They hardly took into account the learners thinking, prior 

knowledge and misconceptions in presenting the underlying concepts under the mole 

concept. This coupled with their conceptual limitations of the concepts made it 

difficult for them to combine conceptual principles and rules of the topic to confront 

learners’ potential confusion and misconceptions in learning the concepts. They used 

general and traditional strategies that focused on mastering of definitions and formulae 
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as opposed to engaging learners in appropriate learning experiences that focuses on 

conceptual understanding. 

5.5 Learners’ conceptual understanding of the mole concept  

This section presents the findings obtained from the learners’ mole concept results 

and focus group discussions. The study examined learners understanding of the mole  

concept according to the following sub headings;   

           (a)  Understanding of the linking ideas, 

           (b)  Meaning of the SI definition of the mole Concept, and 

           (c)  Application of the mole concept. 

The findings are presented by first looking at the overall descriptive statistics for the 

test scores and then further elucidation and exploration of how learners performed 

and understood each concepts under each of the above sub headings.  

5.5.1 Learners Overall Performance  

Learners test scores were analysed to determine the overall mean score and the 

spread of the scores around the mean as presented in Table 5.4. 

Table 5.4: Analysis of Learners Overall test scores 

 

The mean performance for all the learners (n = 251) from five classes was 24.2 with a 

standard deviation of 16.5. This value of standard deviation reflects a wider spread of 

the scores around the overall mean. These deviations are also noted in the range of the 

distribution with 0% as the lowest score and 77.2% as the highest score. The overall 

kurtosis of 0.93 and skewness of 1.17 further indicate that the distribution of scores 

Class Mean N Std. 

Deviation 
Minimum Maximum Kurtosis Skewness 

A 21.9 42 19.9 0.00 68.0 0.29 1.21 

C 36.3 50 20.4 0.00 75.0 -1.11 0.07 

H 26.7 48 20.6 0.00 52.0 -1.33 -0.07 

K 23.5 45 13.5 4.10 77.2 3.34 1.71 

R 20.1 66 11.9 0.00 75.0 5.63 1.67 

Overall 24.2 251 16.5 0.00 77.2 0.93 1.17 
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departed from normality and was not within the acceptable range of chance 

fluctuations. The overall impression of the results displayed in Table 5.4 is that 

students exhibited varied levels of understanding of the mole concept, and the 

performance was below average as illustrated in Figure 5.2. 

 

Figure 5.3:  Learners’ overall performance  

The overall performance results show that the majority (83.3%) of the learners 

performed below average.  They score below 35%, and a standard deviation indicates 

the below average scores were wide spread around the overall mean score of 24.2%. 

The overall performance indicated that learners did not understand the mole concept 

topic. Thus it was important to do an analysis of learners’ performance per test item 

in order to understand their learning difficulties of various concepts under the mole 

concept topic.  

5.5.2 Understanding of linking ideas to the mole concept 

Learners were asked to define the following linking ideas; mass number, relative 

atomic mass, molar mass and molar volume.  Their responses were grouped in three 

categories; blank, incorrect and correct.   The learners’ responses on test item were 

subjected to focus group discussions to have an understanding of their reasoning. 
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                    Table 5.5:  Learners Performance on the definition of Linking Ideas 

Ideas Percentages of the categories of Leaners  

responses (N=251) 

blank incorrect correct 

Mass number 10.0 49.8 40.2 

Relative atomic mass 6.0 47.0 46.2 

Molar mass 12.0 70.1 17.9 

Molar volume 21.9 44.2 33.9 

 

(a) Mass number 

The results show that 40.2 % of learners managed to define mass number as the total 

number of protons in an atom of an element. While 49.8% of the learners struggled 

to define the concept. Some of the wrong versions of the learners’ responses were: 

iv. Average mass of an element in grams. 

v. The number that shows how the element can react with the other element. 

vi. It is the number that is at the top of the atomic symbol. 

vii. Number of times an element of a substance is heavier than one twelfth of a 

carbon-12 atom. 

The above versions were given by majority (49.8%) of the learners who got the 

definition wrong. The above responses indicated that 59.8% this includes the 10% of 

the participant who did not attempt the question, that they did not understand the 

meaning of mass number. Learners associated the mass number to actual mass of an 

element in grams which was wrong and unrealistic perception. Atoms are at the 

microscopic level and their masses are at nano level and cannot be equivalent to their 

mass numbers expressed in grams. The mass numbers are expressed in atomic mass 

unit in that the masses of neutrons and protons that contribute to the mass number of 

an atom are extremely minute and are conveniently expressed using atomic mass unit 

(a.m.u) scale. The focus group discussions with the learners revealed that learners did 

not understand the atomic mass unit and the rationale behind expressing the masses of 

protons, neutron and electrons in this scale. Version (iv) of the definition of mass 

number come up even during group discussions which indicated that learners did not 

understand the difference between mass number and relative atomic mass. 
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(b) Relative atomic mass 

The results show that 46.2% of the learners got the definition of relative atomic mass 

correct while 47.0% of the learners’ responses were incorrect. It should be noted that 

there were a variety of the description of relative atomic mass which were deemed as 

correct responses.  The definitions represented the various ways in which teachers and 

textbooks defined relative atomic mass. The following represents the versions of 

learners’ responses that were treated as correct:  

i. Mass of an atom of an element compared with 1/12 of the mass of carbon -12. 

ii. The number of times an atom of an element is heavier than 1/12 of the mass of 

carbon- 12 atom. 

iii. Average mass of all the isotopes of an element compared to1/12 the mass 

carbon- 12 isotope. 

Responses (i) and (ii) were common among learners and were treated as correct 

responses because that was how the teachers and text books presented the concept. 

However, these definitions did not indicate that relative atomic mass takes into account 

the average masses of isotopes of atoms of an element, relative to their percentage 

abundances, when comparing with 1/12 the mass of carbon-12. Version (iii) included 

this aspect of the concept, and is one of the aspects that differentiate it from mass 

number. 

The statistics also show that 47.0% failed to define the concept and 6.8% did not 

even attempt to answer the question. Some of the common wrong definitions given 

by learners were: 

i. The total number of protons and electrons but different number of neutrons. 

ii. The total number of protons and neutrons in an atom. 

iii. This is the number found on top of an element on the periodic table of 

elements. 

iv. It is the mass of a substance compared to the carbon-12. 
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The above definitions indicated that some of the challenges and confusions learners 

had about the concepts were linked to their inadequate understanding of the atomic 

theory. The first one, which has been identified already, was that some learners didn’t 

know the difference between mass number and relative atomic mass, as expressed in 

version (ii). While others seemed to be confused over the definition of an isotope and 

relative atomic mass. Version (iii) seemed to suggest that some of the learners did not 

understand what relative atomic mass is, but they could only state where it is indicated 

on the symbolic representation of an atom of an element.  Definition (iv), which was 

common response among the participants, indicated that learners were not quite sure 

at what knowledge level the comparison is made with carbon -12, whether it is at 

microscopic or macroscopic level. The use of the term substance may indicate that the 

comparison may be possible at macroscopic level (element or compound level). 

Although statistics indicated that a substantial percentage (46.2%) of learners 

understood what relative atomic mass is, focus group discussions revealed that 

learners where just reciting the definition as presented by teachers and text books 

without understanding its meaning. To start with they struggled to explain the meaning 

of the term relative, that is the comparing of the actual averages masses of isotopes of 

an element to 1/12 mass of carbon -12 isotope. 

Avarege mass of isotopes of an element

1/12 mass of carbon-12 isotope
 

Secondly learners did not have an idea of how minute the actual mass of one carbon -

12 isotope and later alone the 1/12 of that mass. According to them the mass of 

Carbon- 12 atom is 12 g and relative atomic mass of carbon is given by: 

12
    12

1
12

12

r

g
A

g

 



 

This seemed to be correct but it could be the source of confusion, also exhibited by a 

teacher (T22), in understanding the difference between atomic mass unit and the 
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mass scale, and consequently the conceptual understanding of the difference between 

relative atomic mass and molar mass. 

 (c) Molar Mass  

The chart shows that majority (70.1%) failed to define molar mass, 12.0% could not 

even attempt to define the concept, while only 17.9% of learners managed to define 

the concept. The following were the versions of the participants’ responses that were 

accepted as correct definition of molar mass:  

i. The mass of one mole of a substance. 

ii. The mass of one mole of an element. 

iii. The mass of one mole of a compound. 

Although definitions (ii) and (iii) were specific, they were accepted on the basis that 

elements and compounds are substances. Learners had an understanding that molar 

mass is the mass of one mole of a substance. The majority (70.1%) of the Learners 

presented a variety of wrong definitions of molar mass, the common ones were:  

i. Is the number of times one atom of an element is less that of 1/12 of carbon-12. 

ii. Is the total number of mass present in a compound which is compared to 1/12 

the mass of carbon -12. 

iii. This is the mass equivalent to relative atomic mass in grams. 

iv. It is the number which shows the total mass of the compound. 

The above definitions indicated that some learners failed to differentiate relative 

atomic/ molecular mass and molar mass as evident by responses (i), (ii) and (iii). When 

learners were probed further to explain the meaning of response (iv), It turned out that 

what learners were talking about was actually relative molecular mass which is 

calculated by adding all the relative atomic masses of atoms of elements present in the 

compound. The results above indicated that learners who took part in the study did not 

have a conceptual understanding of molar mass. 
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(d) Molar Volume  

The findings indicated that 33.9% of the learners defined molar volume correctly as 

the volume occupied by one mole of any gas at room temperature and pressure or at 

standard temperature and pressure. While 44.3% of the learners’ responses were 

incorrect, and 21.9% did not even attempt to define molar volume. The results indicate 

that there were more than sixty percent of the learners who did not understand the 

meaning of molar volume. Below were some of the common wrong responses which 

were given by learners. 

i. It is the volume of an element measured at room temperature and pressure. 

ii. It is the volume of a gas at room temperature and pressure. 

iii. It is the volume of a substance expressed in decimeter cubed per mole. 

iv. It is the number given to find moles whether at room temperature and pressure. 

or standard temperature and pressure and it is always constant. 

The above responses revealed that learners did not understand the concept; they tried 

to recall the definition but forgot key words, the case of definitions (i) and (ii), and 

ended up with wrong definitions. Others could only remember that molar volume is 

constant at room temperature and pressure (r.t.p) or at standard temperature and 

pressure (s.t.p) and the units used to express the quantity. The group discussion 

revealed that learners were able to state the molar volumes at r.t.p and s.t.p, but they 

had no idea of the actual reading of the temperature and pressure at these two 

conditions. They did not understand that only one mole of any gas at r.t.p and s.t.p 

occupied 24 dm3 and 22.4 dm3 respectively. And that molar volume contains 

236.02 10  molecules of any gas. 
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Table 5.6:  Learner performance on the determination of Relative molecular 

mass and the actual mass of an atom 

Ideas Percentages of the categories of Leaners  responses 

(N=251)  

blank incorrect Partially correct correct 

Relative 

Molecular mass 

 

0.0 

 

15.5 

 

2.8 

 

81.7 

The actual mass 

of  an atom  

 

13.5 

 

84.1 

 

1.2 

 

1.2 

 

 (a) Calculation of Relative Molecular Mass 

The results show that all the pupils attempted to calculate relative molecular mass of 

the substance and the majority (81. 7%) of the participants got the calculations correct, 

15.5% partially got it right, and only 2.8% of the learners failed to calculate relative 

molecular mass. The results indicated that learners understood mathematical 

procedures and operations of how to find the relative molecular mass, even though 

47.0% of the learners failed to define relative atomic mass which is the underlying 

concept in the calculation of relative molecular masses of compounds and elements.  

(b) Determination of the mass of one atom of an element 

In order to establish and confirm learners understanding of the relative atomic mass 

and molar mass they were given a question to determine the actual mass of one oxygen 

atom with a relative atomic mass 16.00 and molar mass 16.00 g/mol. Table 5.6 show 

that the majority (84.1%) of the learners failed to determine the actual mass of an 

oxygen atom. Only 1.2 % of the learners managed to determine the actual mass of 

oxygen atom in grams. The majority (84.1%) of the learners found 16.00 g as the mass 

of one oxygen atom.  The sample of the response below illustrates how most the 

learners arrived at 16.00 g.  
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Figure 5.4:  Learner’s incorrect response on the determination of the actual mass 

of Oxygen atom 

Learners still insisted even during the focus group discussions that 16.00 g was the 

actual mass of one oxygen atom. They argued that the masses of atoms of elements 

are the ones indicated on the periodic table. This indicated that learners did not have 

the conceptual understanding of relative atomic mass, molar mass and later alone the 

scales used to measure these quantities. This result mirrored the misconceptions 

chemistry teachers had about these concept and units. Learners did not show the 

understanding that 16.00 g is the mass of  236.02 10  atoms of oxygen. 

5. 5.3 Learners understanding of the meaning of the SI definition of the mole 

concept 

Learner were asked to define the mole and to determine whether or not the concepts 

relates to mass of substances or the number of particles. Figure 5.5 indicates that only 

29.1% and 13.9% of the learners managed to define and relate mole to number of 

particles respectively. 
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Figure 5.5:  Learners performance on the description of the SI definition of the 

mole 

The rest of learners struggled to explain the meaning of the mole concept with the 

32.3% of them getting the description of the mole partially correct, and 34.3% gave 

totally wrong definitions of the concept.  Some of the partially correct descriptions of 

the mole were: 

i. A Mole is the amount of particles contained in a substance as there are in 

carbon -12 atom. 

ii. A mole is a substance that contains 
236.02 10  of moles of the carbon atom 

which is the Avogadro’s constant. 

iii. A mole is the quantity of substances, therefore number compared to elementally    

    particles compared to 
236.02 10 . 

The above partially correct responses were as a result of missing or forgetting some 

of the key terms and concepts as learners tried to recall the SI definition of the mole 

concept. Response (i) left out 12.00 g which is the standard mass of carbon -12 which 

contains a standard pack of particles called a mole. Responses (ii) and (iii) are 

represented learners who tried to recall the definition but ended up misplacing the 

concepts in their description of the mole concept.  
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The 13.9% of the learners who ticked the correct response that equal numbers of 

particles of sodium, oxygen and water have the equal number of moles also gave 

correct justifications for their responses as shown by the sample below. 

 

 

Figure 5.6: Learner’s correct response on the understanding that mole relates 

to the number of particles  

While the majority (43.1%) of the learners who got partially correct response, ticked 

for a correct response, but failed to justify why different substances with equal 

numbers of elementally particles should have the same number of moles. 
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 Figure 5.7:  Learner’s partially correct response on the understanding that mole 

relates to the number of particles   

The wrong justification given by the larger number (43.1%) of the learners suggested 

that they did not have a conceptual understanding of why the mole concept relates to 

number of particles of a substance not mass. The results also show that 28.7% of the 

learners were totally wrong in that they linked moles to masses of substances.  Their 

reasoning behind this misconception, as illustrated by the sample of incorrect response 

below, was that equal masses of substance should have the equal number of moles. 

 

 Figure 5.8:  Learner’s incorrect response on the understanding that mole 

relates to the number of particles   
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The other common versions of the justification of linking mole to mass were: 

i. They have equal masses if masses are not the same they cannot have equal 

number of moles, they will have different particles because water is a compound, 

sodium and oxygen are elements. 

ii. Because when we are finding moles we use mass and not particles. 

Response (i) suggested that learners understood that it is not possible for different 

types of substances; elements and compounds to have the same number of moles 

unless their masses are equal. The last response gave an indication that learners lacked 

the conceptual understanding of the link among mass, amount of substance and 

number of elementary particles. They did not understand that mass and volume of 

substances at the macroscopic level are used as indirect way of counting the 

microscopic particles. The association of moles (amount of substance) to mass by 

some learners suggested that their understanding of the mole concept was within the 

equivalent paradigm.    

The discussions with the learners confirmed the above gaps and misunderstanding 

they had about the mole concept.  Learners were not aware that a mole is unit of the 

quantity amount of substance, according to them the quantity is the mole and its unit 

is a mol, the abbreviation of the quantity, resonating with the teachers understanding.   

The discussions also revealed that learners didn’t know that the mass that is divided 

by the molar mass when finding the moles is the empirical mass that can be measured 

practically. Learners only associate that mass to the one given in the question in class 

exercises, tests and examination. They didn’t know that they can experimentally count 

the number of particles of any sample of any substance indirectly by measuring the 

mass of substances in class. 

5.5.4 Learners understanding of application of the mole concept 

Conceptual understanding of a concept goes beyond description of that concept; it 

involves the application of the concept in analysis and solving problems in chemistry. 

Thus this section of the chapter presents learners understanding of the mole concepts 
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in calculation of empirical formula, expression of molar concentrations and   

calculation of the quantities of reacting substances, 

Table 5.7:  Learner performance on the determination empirical formula and 

molar concentration 

Application of the mole 

concepts 

Percentages of the categories of Leaners’  

responses (N=251) 

blank incorrect Partially correct correct 

Calculation of 

empirical formula 

 

6.0 

 

35.1 

 

42.2 

 

16.7 

Expression of the 

molar concentrations 

of a solution 

 

6.0 

 

55.0 

 

15.1 

 

23.9 

 

(a) Calculation of Empirical Formula 

Table 5.7 shows that a larger percentage (42.2%) of learners did not fully understand 

how to calculate the empirical formula, while 35.1% of the participants failed to 

calculate the formula. Only 16.7% of the learners managed to calculate the empirical 

formula following all the stages involved as illustrated by the sample of a correct 

response below. 

  

Figure 5.9: Learner’s correct response on the determination of the empirical 

formula 
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The 42.2% of the learners who got the question partially correct faced a lot of 

challenges in the determination of the empirical formula. The sample of the partially 

correct response below highlights some of the difficulties faced by learners. 

 

Figure 5.10:  Learner’s partially correct response on the determination of the 

empirical formula 

The sample of the response in Figure 5.10 indicated that learners had a procedural 

knowledge on how to calculate empirical formula. However, they did not understand 

the meaning of percentage composition by mass of elements in the compound. They 

did not understand that the percentages of all the elements present in the compound 

add up to 100%. Thus if magnesium chloride contains 25.3% magnesium by mass, the 

remaining percentage from 100% is chlorine (100 - 25.3 = 74.7% Cl). Learners still 

used 25.3% as the percentage for chlorine. The focus group discussions with the 

learners also revealed that they did not understand why percentages are treated as 

masses in grams of the elements present in compound. If we take 100 grams of any 

compound the masses of elements present in that 100 g will be equal to their 

percentages by mass. Taking 100 g of magnesium for example: 

Mass of Mg = 74.7/100 x 100 g = 74.7 g 

Mass of Cl = 25.3/100 x 100 g = 25.3g   or (100g – 74.7 g = 25.3 g) 
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Learners did not also understand that apart from using percentage composition by 

mass in the determination of the empirical formula, it is also used in chemistry to find 

the masses of elements present in any given mass of any compound whose percentage 

composition by mass is known.  Their understanding of the empirical formula was 

limited to the simplest ratio of the number of atoms of each element present in the 

formula unit of a compound not the mole ratio.  

(b) Expression of the molar concentration of solutions 

The results in Table 5.7 showed that most (55.0%) of the learners failed to express 

the molar concentration of a solution and only a few (23.9%) managed to calculate 

the concentration of the solution made from dissolving 10 g of sodium chloride 

(NaCl) to make a 50 cm3 solution. Below are the samples of correct and incorrect 

learners’ responses.  

 

Figure 5.11:  learner’s correct response on the expression of the molar 

concentration of a solution 

Table 5.7 show that only 23.9% of the learners were able to find the amount of 

substance in 10 g of NaCl and converted 50 cm3 to decimetre cubed (dm3) the SI unit 

for volume. Thereafter they expressed the concentration by dividing the volume into 

the number of moles, hence finding the number of moles of NaCl per decimetre cubed 

of the solution (mol/dm3).  
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While the 15. 1% who partially got the question correct managed to find the moles of 

NaCl particles present in the 10 g but divided the volume in centimetre cubed into the 

number of moles.  Hence they got a wrong value with wrong units.   

 

Figure 5.12:  learner’s incorrect response on the expression of the molar concentration of 

a solution 

The common mistake which the majority (55.0%) of the learners who failed to express 

the concentration of the solution made, as illustrated above, was that they straight away 

divided the volume, 50 cm3, into the mass 10 g of the solute sodium chloride (NaCl).   

Others divided molar volume (24 dm3) of gases at room temperature and pressure into 

the mass of the solute. These mistakes indicated that learners did not understand how 

to express the molarity of the solution. The focus group discussions with the learners 

revealed that even those who got the question correct could not explain the meaning 

of the term molarity (concentration) beyond the operational definition. They failed to 

explain why we express the concentration of the solution using moles of the solvent 

and not mass. This just shows that learners did not have a conceptual understanding 

of the mole concept. 

Chemical reactions take place at the microscopic level hence understanding of the 

mole concept forms the core of the calculations of reacting substances under 
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stoichiometry. Under this section the study investigated learners understanding of the 

mole concept in chemistry under the following: 

a) Learners’ ability to write balanced chemical equations of a reaction, 

b) Calculation of the quantities of reacting substances – with a known limiting 

reactant, 

c) Determine the number of particles in a given quantity of the product, 

d) Acid-base reactions,  

e) Limiting and Excess reactants, and 

f) Percentage Yield. 

Learner performance on each of the above big ideas under the application of the 

mole concept in the calculation of quantities of reacting substances is shown in Table 

5.8.  

Table 5.8:  Learners performance on the Calculation of the quantities of 

reacting substances (Stoichiometry) 

 

Application of the mole 

concept 

Percentages of the categories of Leaners’  

responses (N=251) 

blank incorrect Partially 

correct 

correct 

Writing of balanced chemical 

equation 

6.4 65.7 2.8 25.1 

Quantities of reacting 

substances – with a known 

limiting reactant 

 

26.7 

 

50.2 

 

15.1 

 

8.0 

 Determination the number of 

particles in a given quantity of 

the product 

 

36.3 

 

47.7 

 

4.0 

 

12.7 

Determination of concertation 

of solutions in acid-base 

reactions 

 

20.3 

 

47.7 

 

4.0 

 

28.7 

Determination of a limiting 

reactant  

22.3 43.8 31.9 2.0 

Percentage yield  59.8 36.3 2.7 1.2 
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(a) Learners ability to write balanced chemical equations of a reaction 

Learners were required to write a balanced chemical equation for the reaction 

between calcium carbonate (
3CaCO ) and hydrochloric acid ( HCl ). Table 5.8 shows 

that 65.7% failed to write the chemical equation for the reaction. Only 25.1 % 

managed to write a balanced chemical equation for the reaction. Below is the sample 

of correct balanced chemical equation for the reaction between 
3CaCO  and  HCl .   

 

Figure 5.13:  Learner’s correct response on writing of balanced chemical 

equations 

Then the 2.8% of the learners come up with the equation but failed to balance it, thus 

their response was deemed to be partially correct. 

 

Figure 5.14:  Learner’s incorrect response on writing of balanced chemical 

equations 

The majority (65.7%) of the participants could not either write the correct chemical 

formula for reactants or state the correct products between the reactions of calcium 

carbonate and dilute hydrochloric acid.  Their chemical equations, as illustrated in the 

sample of the response above could not make any sense and hence they were incorrect. 

When learners were asked during the focus group discussions to explain why they 

balance chemical equations and how moles of the reactants link to each other and to 
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the products. The few learners who attempted to respond said that they balance the 

equations in order to have the same number of atoms of elements in the reactants and 

products. They failed to explain why the number of the atoms of the elements in the 

reactants and the products should be the same. Learners could not explain how the 

moles of reactants link to each other and the products in a balanced chemical equation.  

They did not adequately understand that the moles of reacting substances are linked to 

each other through stoichiometric coefficients that give the mole ratios of substances 

involved in a reaction.  

(b) Calculation of the quantities of reacting substances – with a known limiting 

reactant 

The second part of the question learners were asked to calculate the volume of carbon 

dioxide gas that could have been produced if 2 g of calcium carbonate reacted 

completely with excess dilute hydrochloric acid, and assuming that the gas was 

collected at room temperature and pressure. The results showed that 50.2% attempted 

to find the volume of carbon dioxide but failed, and 26.7% did not even attempt to 

answer the question.  

It is important to note that the percentage of blank spaces increased from 6.4% in the 

first part of the question to 26.7%. This seemed to indicate that most of the learners 

who failed to write a balanced chemical question in part (i) could not even attempt to 

find the volume of the carbon dioxide given out. Thus the increase in the percentage 

of learners who left the question blank in part (ii) reduced the percentage of incorrect 

responses from 65.7% in the first part to 50.2% in the second part of the question. This 

indicated that a certain percentage of the leaners that got the equation wrong could not 

even attempt to calculate the amount of carbon dioxide given out in the reaction.  The 

results also show that the percentage of correct response reduced from 25.1% in part 

(i) to 8.0% in part (ii). Indicating that even some of the learners who managed to write 

a balanced chemical equation failed to interpret the equation in the calculation of the 

amount of carbon dioxide.      

This results indicate that a total of 76.9% (adding up the percentages for incorrect 

response and blank ones) of the learners failed to find the volume of carbon dioxide 
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produced in the reaction. Only 8.0% applied the mole concept correctly to find the 

quantity of carbon dioxide that was given out in the reaction. Below are some of the 

samples of learners correct, partially correct and incorrect responses. 

 

Figure 5.15: Learner’s correct response on the calculations of quantities of 

reacting substances-with a known limiting reactant 

The 8.0% of the learners were able to reason in moles; they first found the number of 

moles of calcium carbonate that reacted completely and used the mole ratio using the 

balanced chemical equation to find the moles of carbon dioxide that were produced. 

Then found the volume by multiplying moles by molar volume.  
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Figure 5.16: Learner’s partially correct response on the calculations of 

quantities of reacting substances-with a known limiting reactant 

There were a variety of partially correct responses. But the learners in this category 

had three common limitations; the first limitation was that some of the learners were 

able to find the moles of carbon dioxide that was produced in the reaction, as shown 

in Figure 5.16, but didn’t know how to use molar volume to find the volume occupies 

by 0.02 moles of carbon dioxide molecules at room temperature and pressures. The 

above response also illustrates the second limitation that learners could not reason in 

moles but found it easier to work with masses using simple proportional approach. 

Hence they got stuck when it came to finding the volume of carbon dioxide, because 

it is the number of moles of carbon dioxide that is linked to the volume through molar 

volume. The third common limitation was that after finding the moles of calcium 

carbonate some learners failed to relate them to the product carbon dioxide using the 

equation because they either didn’t know or got stuck because they had failed to come 

up with the balanced chemical equation of the reaction in the first part. 
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Figure 5.17:  Learner’s incorrect response on the calculations of quantities of 

reacting substances-with a known limiting reactant 

The incorrect responses by leaners, as exhibited in the above response, were 

characterised by their inability to understand the following concepts and how they link 

to each other; mass, molar mass, molar volume and moles. The above results indicate 

that learners did not have a conceptual understanding of how to determine the 

quantities of substances involved in a chemical reaction. 

(c) Determine the number of particles in a given quantity of the product 

The third part of the question was based on the reaction between calcium carbonate 

and hydrochloric acid required the learners to determine the number of carbon dioxide 

molecules in the volume of carbon dioxide produced in that reaction. The results show 

that 47.0% of the learners made an attempt to answer the question but failed, while 

36.3% did not even attempt to answer giving a total of 83.3% of learners who failed 

to calculate the number of carbon dioxide molecules given out in the reaction. Only a 

small percentage (12.7%) of the participants managed to find the number of molecules 

of carbon dioxide. Below are some samples of correct and incorrect responses given 

by the learners.  
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Figure 5.18:  Learner’s correct response on the determination of number of 

particles in given amount of the substance 

The 12.7% of learners who were able to show that one mole contains 236.02 10

molecules of carbon dioxide and used this to find the number of molecules that were 

present in 0.02 mol of the gas that occupied 0.48 dm3.  

The partially correct responses were characterised with the learners’ lack of 

understanding of the link between moles and the number of particles.  

 

 
 

Figure 5.19:  Learner’s incorrect response on the determination of number of 

particles in given amount of the substance 

There were a variety of incorrect responses and most of them indicated that learners 

didn’t have a conceptual understanding of the association among mass, molar mass, 
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volume, molar volume, amount of substances, and the number of elementary 

particles.   

(d) Determination of concentrations of solutions in acid-base reactions  

Learners were required to find the concentration of 30.0 3cm of hydrochloric   acid that 

reacted with 25.0 3cm solution of 0.5M of sodium hydroxide.  Table 5.8 shows that 

47.0 % of the leaners’ responses were incorrect, 20.3% of the learners did not even 

attempt to answer the question giving a total of 67.3% of the leaners who failed to find 

the concentration of hydrochloric acid.  The result shows that only 28.7% of the 

learners managed to calculate the concentration of the acid.  

Learners used the following formula, M1V1  =  M2V2 , to determine the 

concentration of the of the acid as shown by one of the participants response in 

Figure 5.20 

 

Figure 5.20:  Learner’s correct response on the Determinations of concentrations 

of solutions in acid – base reaction 

The group discussions revealed that although learners used the above formula they did 

not understand its meaning.  They did not understand that the formula explains the 

dilution principle which states that the moles of a solvent remains the same after 

dilution what changes is the volume of a solvent hence the formula M1V1(moles 

concentrated solution) = M2V2 (moles of the diluted solution).  When the reaction was 

changed during the discussions to the reaction between sodium hydroxide and 
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sulphuric acid, learners got stuck even those who got the correct responses during the 

test. This was because they did not know how to manipulate the 2:1 mole ratio between 

sodium hydroxide and sulphuric acid in the equation. Learners applied the formula, 

M1V1 = M2V2, without understanding the chemistry involved in the acid base reactions 

and hence they could not think in terms of moles when determining quantities in the 

volumetric analysis type of reactions.  

 

 

Figure 5.21:  Learner’s incorrect response on the Determinations of 

concentrations of solutions in acid – base reaction 

The incorrect responses, as illustrated in Figure 5.21, were characterised by learners 

lack of knowledge of the association among the following quantities moles, volumes 

and concentration of reacting solutions. 

(e) Limiting and Excess reactants 

During the test, participants were asked to determine the limiting reactant when 80g 

of copper was heated with 30 g of sulphur to 95.2 g of
2Cu S . Table 5.8 results show 

that the majority (43.8%) failed to determine the limiting reactants of the reaction, 

22.3% could not even attempt the question giving a total of 66.1% completely failing 

to answer the question.  While 31.9% of the learners gave responses that were partially 

correct. Only 2.0% of the learners were successful to determine the limiting reactant 

of the reaction 
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Figure 5.22:  Learner’s correct response on the determination of a limiting 

reactant 

The 2.0% of the learners who were able to determine the moles of the both reactants 

that were available for the reaction. Then used the mole ratios using the balanced 

chemical equation to determine the moles of 
2Cu S  that would be produced if each of 

the moles of the reactants available reacted completely. And then picked the reactant 

that produced the smaller number of moles of the product as the limiting reactant. This 

indicated that only 2.0% of the learners understood the meaning of a limiting reactant.  
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Figure 5.23:  Learner’s partially correct response on the determination of a 

limiting reactant 

The above sample of the learner’s response represents the answers given by 31.9% of 

the participants. They were able to calculate the moles of the reactants available but 

failed to find the limiting reactant because according to them a limiting reactant is the 

one with the smallest number of moles. This is a misconception perpetuated by 

teachers and some text books which defines a limiting reactant as such. This means 

that even the 31.9% of the learners did not actually have a conceptual understanding 

of the concept of limiting reactant. 

(f)   Percentage Yield  

The third part of the question demanded the learners to calculate the percentage yield 

of the same reaction between copper and sulphur.  Table 5.8 shows that majority 

(59.8%) of the participants did not even attempt to answer that part of the question, 

while 36.3% of the learners attempted to answer the question but got it wrong.  These 

results indicate that 96.1% of the learner did not understand the concept of percentage 

yield. Only 1.2% of the participants managed to find the percentage yield of the 

reaction as indicated in Figure 5.24. 
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Figure 5.24:  Learner’s correct response on the determination of percentage 

yield of a reaction 

The learner was able to calculate the theoretical yield first and then determined the 

percentage yield using the formula.  

 

Figure 5.25:  Learner’s partially correct response on the determination of 

percentage yield of a reaction 

The 2.7% partially correct responses where characterised by the learners lack of 

understanding that a balanced chemical equation explains how chemical combination 

took place in a given reaction. Thus these learners in this category directly added the 

mass of copper (80 g) and mass of sulphur (30 g) available and found 110 g as the 
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mass of copper sulphide produced. However, they were able to state the formula and 

made correct substitution of theoretical and actual yield into the formula. 

 

Figure 5.26:  Learner’s incorrect response on the determination of percentage 

yield of a reaction 

The incorrect responses, as shown above were characterised by wrong calculation of 

the theoretical yield and wrong substitution of the two yields in the formula indicating 

that some learners did not actually understand the meaning of theoretical and actual 

yield. This was evident during focused group discussion; the only explanation learners 

gave when they were asked to explain the difference between the two yields was that 

the actual yield is the one given in the equation while the theoretical yield is the one 

you calculate. And they could not explain why a percentage yield of a chemical 

reaction is usually less than 100%. This shows that learners did not understand what 

actual yield is and the concept of percentage yield.   

The analysis of the learners’ responses and the group discussion on each sub topic 

show that learners faced learning difficulties. Some of them are highlighted below: 

i. Learners struggled to write chemical formulae and balanced chemical equation 

of reactions.  

ii. They were confused over the meaning of mass number, relative atomic mass 

molar mass of substances and the actual masses of atoms in grams.  
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iii. Leaners struggled to link mass and volume to the amount of substance (mole) and 

number of elementary particles in a given substance.  

iv. Learners found it difficult to determine the empirical formula of a compound 

because they not adequately understand percentage composition by mass as a 

bridging concept, and the meaning of empirical formula.  

v. Learners struggled to express the concentrations of a solution, in moles of a solute 

per decimeter cubed of the solution (mol/dm3). Hence they found it difficult to 

link the volumes and concentration of the solution to moles.    

vi. They didn’t know how to determine the limiting and excess reactant of a reaction 

because they struggled to understand how quantities of reacting substances are 

linked to each other through a balanced chemical equation. 

5.6 The underlying sources of teaching and learning difficulties of 

the mole concept 

This section presents the underlying sources of the teaching and learning difficulties 

faced by the teachers and learners. The findings indicated that teachers attributed the 

difficulties to; learners’ ability and attitudes, the abstract nature of the topic, lack of 

learning material, and factors related to classroom dynamics.  These are general factors 

that may affect the teaching of any topic and thus they were not considered as the 

underlying sources of teaching difficulties of the mole concept. After the analysis of 

teachers’ responses in the questionnaire and focus group discussion of the CoRes, their 

classroom decisions and actions, and the learners’ responses the study identified the 

following as the underlying sources of the difficulties and limitations in the teaching 

of the mole concept: 

i. Lack of knowledge of the origin and evolution of the mole concept by 

teachers. 

ii. lack of conceptual understanding of the linking ideas to the mole concept.  

iii.  The SI definition does not by itself communicate clearly the meaning of the 

mole concept.  

iv. Inadequate understanding of the bridging concepts and the meaning of 

empirical formula.  
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v. Inadequate understanding of the multiple meanings embedded in the 

conceptual network of the mole concept.  

vi. Weak mole concept Content Knowledge hindered the development adequate 

knowledge components of mole PCK.  

vii. Learners were handicapped with the language of chemistry; 

viii. Weak mole concept Content Knowledge hindered the development 

adequate knowledge components of mole PCK.  

ix. Learners are not given and opportunities through hands on activities to 

understand the formulae that represents the association of macro, symbolic 

and microscopic knowledge under the mole concepts; 

x. Learners were not given an opportunity to relate and experience the meaning 

of the concepts of limiting and excess reactants, theoretical and actual yield 

from the perspective of a balanced chemical equation of an actual chemical 

reaction. 

xi. Learners are not taught to think in terms of moles but are taught to use mass 

proportions in stoichiometry calculations. 

5.7 Summary 

This section gives highlights of some of the main findings of the study under each of 

the themes presented in this chapter.  

The findings show that teachers did not adequately understand the origin and evolution 

of the mole concept, even the 23% of the participants who acknowledged to have 

knowledge on the evolution of the concept failed to give an account of why the concept 

was introduced and changed overtime. The results also show that although 43.3% of 

the teachers explained the significance of the mole concept in chemistry, teachers did 

not discuss the significance of the mole concept when introducing the topic. The 

results indicated that although teachers understood the atomic – molecular theory, they 

did not have the conceptual understanding of the linking ideas, between atomic theory 

and the mole concept. This was because they lacked conceptual understanding of the 

following concepts; mass number, relative atomic mass and molar mass, which link 

the theory and the mole concept.  Teachers’ description of relative atomic mass 
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mirrored the textbooks definitions. The textbook descriptions of the concept do not 

explicitly bring out the idea that relative atomic mass takes into account the average 

atomic mass of isotopes of an element with respect to their percentage abundance. The 

average mass is the one compared to the 1/12 of the mass of carbon-12 and not to the 

mass of carbon-12 atom as conveyed by the teachers’ and textbook definitions.  

The majority (96.7%) of the participants understood the meaning of the SI definition 

of the mole concept. Their description of the SI definition indicated that they 

understood that; the mole concept is a measuring unit in chemistry, the unit is based 

on the standard pack that contains the number of particles as there are atoms in exactly 

12.00 g of carbon – 12 isotopes, and the mole is used to express the amount of 

substance. However, teachers did not use ‘amount of substance’ instead they used the 

following terms ‘chemical quantity’ and ‘amount of chemical substance’ in their 

description of the mole concept. When teaching the terms ‘number of moles’ and 

‘moles’ were mostly used by teachers instead of the amount of substance.  Teachers 

explained that they were not comfortable to use the quantity ‘amount of substance’ 

because they were not certain with its meaning.  The findings also indicated that 

teacher knew the steps involved in the determination of the empirical formula, they 

did not have a conceptual understanding of the concept. They did not know that the 

formula present the least mole ratios of elements presented in a compound.  When 

teaching the concept, they did not demonstrate an understanding of percentage 

composition by mass which is one of the gate- keeping concepts in understanding of 

the empirical formula. 

Their understanding of the relationship among the amount of substance, number of 

elementary entities (NA), mass (m) molar mass (M) volume (v) and molar volume (Vm) 

was limited to algorithmic mathematical operations. This was evident from the way 

they presented these relationships in class. Teachers presented the formula used to 

calculate these quantities and asked learners to master them without any chemistry 

reasoning.  Relative atomic and molecular mass were used in place of molar mass to 

find the amount of substances, indicating that they did not understand the meanings 

and the link between these concepts. Their discussion of stoichiometry in class 
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indicated that their understanding   of the relationship among the amount of substance, 

number of elementary entities (NA), mass (m) molar mass (M) volume (v) and molar 

volume (Vm) was inadequate.  

The lesson observation and the captured CoRes for teachers indicated that teachers’ 

mole concept PCK was inadequate. The sequencing of the mole concept in the 

schemes of work, and how different ideas were presented suggested that teachers’ 

curriculum saliency knowledge domain was inadequate.  The mole concept was taught 

in grade 11 instead of teaching the topic in grade after the atomic theory and the 

language of chemistry to facilitate understanding of the topic.  Teachers struggled to 

identify gate-keeping concepts that were difficult for learners to understand and to 

come up with possible interventions for effective teaching and learning. They found it 

difficult to identify and comment on learners’ prior knowledge, their alternative 

conceptions, misconceptions and learning difficulties. The observed teachers rarely 

commented on learners’ wrong answers to bring out their misconceptions. Although 

the participants demonstrated to have an understanding of the general methodology of 

presentations of ideas, they did not use a range of content representations (analogies, 

examples, illustrations and animations) to transform and communicate effectively the 

concepts and ideas in order for learners to understand the topic. Hence they struggled 

to come up with conceptual strategies to help learners overcome known learning 

obstacles and misconceptions so that they were actively involved in the learning 

process that focus on conceptual understanding of the topic.  

The overall performance and the analysis of learners’ responses indicated that learners 

lacked the conceptual understanding of the mole concept.  The majority (83.3%) of 

the learners performed below average; they scored below 35% in the test. Their 

understanding of the concepts mirrored the conceptual limitations faced by their 

teachers. Hence the study identified the following; teachers’ inadequate knowledge on 

the origin of the mole concept, the SI definition, conceptual limitations of the concepts 

and ideas, and inadequate mole PCK as the underlying sources of teaching and 

learning difficulties of the mole concept. 
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CHAPTER SIX 

DISCUSSION OF THE FINDINGS 

6.1 Overview 

This chapter presents the discussion of the findings according to the following main 

themes of the study:  

a) Teachers’ Content Knowledge and underlying sources of teaching difficulties of 

the mole concept 

b) Teachers mole concept Content Knowledge 

c) Learners’ understanding and underlying sources of learning difficulties of the 

mole concept.  

d) The way forward for the enhancement of teachers’ mole concept PCK and 

learners understanding of the topic. 

The discussion of findings was informed by the theoretical and conceptual frameworks 

and the reviewed literature.  The outcome of the discussion of the findings led to the 

development of the model of mole concept Content Representation (CoRes) 

Framework, as the way forward to the enhancement of teachers’ mole concept PCK.   

The mole concept CoRes framework presented the conceptual understanding of the 

concepts and underlying ideas and proposed conceptual strategies to address teaching 

and learning difficulties identified in literature and in this study.  

6.2 Teachers’ content knowledge and underlying sources of teaching 

difficulties of the mole concept 

The section discusses the mole concept content knowledge possessed by the teachers 

under the following themes: 

i. Knowledge of the origin, evolution and the significance of the mole concept in 

chemistry 

ii. Teachers understanding of the linking ideas between the atomic- molecular 

concept and the mole concept. 
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iii. Teachers understanding of the meaning of the SI definition and the relationships 

between the amount of substance with elementary entities, mass and volume  

iv. Teachers understanding of the application of mole concept in stoichiometry. 

The above themes constitute the conceptual understanding of the mole concept topic 

(Padilla and Furio, 2007; Fang et al., 2014). The discussion brought out some of the 

underlying sources of the teaching difficulties under each of the above aspects of the 

mole concept content knowledge. 

6.1.1 Knowledge of the origin, evolution and the significance of the mole concept 

in chemistry 

Understanding of the origin and evolution of the meaning of the concept is important 

for conceptual understanding of the concept. The historical perspective of a concept 

highlights its origin, the historical context and the problem the scientific community 

solved by introducing the concept (Padilla and Furio, 2007). The results show that all 

the teachers indicated that they did not learn about the historical perspective of the 

mole concept. This a gap in the teacher training programmes. The findings showed 

that even though 23.3% of the teachers who acknowledged that they knew the origin 

and evolution of the mole concept, they failed to give an account of the historical 

perspective of the concept. This showed all the teachers did understand why the 

concept was introduced and how it evolved overtime. Hence their understanding of 

the mole concept lacked the epistemological and ontological background. As a result, 

they did not appreciate the nature of mole concept knowledge and its significance in 

chemistry. Their understanding and presentation of the underlying ideas under the 

mole concept did not reflect an understanding of the nature of mole concept knowledge 

and its significance in chemistry.    

Teachers did not discuss the significance of the mole concept when teaching the 

concept in class. They denied learners an opportunity to understand its meaning, where 

the concept sits in the chemistry curriculum and its importance in chemistry.  Thus 

learners did not understand the rationale of learning the mole concept apart from 

studying it for examination.  Knowing why the concept was introduced in Chemistry 

will make learners to value the concept, consequently they will develop interest and 
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learn the concept in a meaningful and effective way.   Value and interest are some of 

the key drivers for effective learning of any concept. Hence teachers need to 

understand where the mole concept sits in the curriculum and its significance in 

chemistry in order to teach the topic effectively. 

 6.1.2 Teachers understanding of the linking ideas between the atomic- 

molecular concept and the mole concept 

The mole concept was constructed within the atomistic paradigm which suggested that 

chemical combinations were made by discrete units called atoms. And that all atoms 

belonging to the same element are identical (Padilla and Furio, 2007). Thus the 

atomistic paradigm became the framework that explained chemical combination. 

Hence understanding of the link between the atomic –molecular theory is one of the 

aspects that constitute the conceptual understanding of the mole concept. According 

to Fang et al. (2014) concept map for conceptual understanding of the mole concept, 

understanding this link involves the conceptual understanding of how one atom or 

molecule and relative atomic or molecular masses link to the mole concept.  It was 

therefore, important in this study to assess the teachers understanding of the atomic 

molecular –theory and how it links to the mole concept.  

According to the findings, the majority (86.7%) of the teachers understood the atomic-

molecular theory and how one atom or molecule is linked to the mole concept. They 

stated that; atoms are the fundamental units of matter and that they are conserved in 

chemical reactions, and atoms are not destroyed but are just rearranged in a chemical 

change to form new substances. They also explained that 236.02 10 atoms of any 

substances make one mole. Nonetheless, they did not comment on how the theory is 

linked to the mole concept when introducing the topic. This may suggest that teachers 

lacked an understanding of the value of explaining to learners the link between the 

atomic- molecular theory and the mole concept.  They did not understand that 

understanding the link between the theory and the mole concept forms the foundation 

for the conceptual understanding and appreciation of the significance of the mole 

concept in chemistry (Malcolm et al., 2018).  
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The results also revealed that teachers did not have a conceptual understanding of 

relative atomic/ molecular and how it is linked to the mole concept through molar 

mass, as a second linking idea (Fang et al., 2014). Their understanding and 

presentation of relative atomic/molecular was within the scope of how the textbooks 

presented these concepts.  The findings revealed that teachers memorised the 

following text book definition of relative atomic mass without having a conceptual 

understanding of its meaning. 

 Relative atomic mass (Ar) is the average mass of its isotopes compared with one – 

twelfth the mass of one atom of carbon -12.  

Since teachers were trying to reproduce this definition they ended up omitting either 

one or all of the following key terms and expressions; the average mass of its isotopes 

and one-twelfth. The omissions resulted in the following incomplete definitions of 

relative atomic mass which were common among teachers and textbooks. 

Relative atomic mass (Ar) is the mass of an atom compared with one – twelfth the mass 

of one atom of carbon -12.  (omitting, average mass of its isotopes) 

Relative atomic mass (Ar) is the average mass of its isotopes compared with the mass 

of one atom of carbon -12.  (omitting, one-twelfth mass of carbon -12) 

Relative atomic mass (Ar) mass of an atom of an element compared with the mass of 

one atom of carbon -12 (omitting both the average mass of its isotopes and one-

twelfth). 

Teachers were not aware that the above definitions were incomplete because they did 

not adequately understand the concept. The focus group discussion revealed that 

teachers were not quite clear on the difference between mass number and the relative 

atomic mass of an atom. They understood that mass number is the total number of 

protons and neutrons in the nuclear and relative atomic mass is the mass of an atom 

compared to the one twelfth the mass of carbon atom. Nonetheless they could not 

explain the difference beyond the above explanation or state how the two concepts are 

linked.  Further teachers could not explain clearly the difference between relative 
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atomic/molecular mass and molar mass. The only explanation teachers gave as they 

presented the concepts in class and during the focus group discussion was that 

…relative atomic/ molecular mass has units and molar mass has units, grams per 

mole (g/mol), but the two quantities are numerically equal. The above explanation 

indicated that teachers lacked the conceptual understanding of linking ideas.  

What teachers did not understand, and need to understand, is that atomic mass and 

relative atomic masses are based on unified atomic mass unit scale and not grams. The 

actual masses in grams of atoms and atomic particles are extremely minute. The mass 

of carbon -12 is approximately  .  It is cumbersome to work 

with the actual masses of these microscopic entities. Scientists came up with a 

convenient scale to express the masses of microscopic particles. The one –twelfth the 

mass of carbon-12 was adopted as the atomic mass unit (a.m.u) which has been 

renamed as the unified atomic mass unit (u).     

1 unified atomic mass unit (u) =  

The masses of subatomic particles, protons, neutron and electrons expressed in unified 

atomic mass unit by comparing their masses with 
-241.66 × 10 g  

Mass of 1 proton in u =

-24

-24

1.6726×10 g
 = 1.00759 1 

1.66×10 g
u  

Mass of 1 neutron in u = 

-24

-24

1.6726×10 g
 = 1.00759 1 

1.66×10 g
u  

Mass of 1 electron in u =  
-28

-24

9.1095×10 g
 = 0.000549 0

1.66×10 g
  

The mass of an electron expressed in the unified atomic unit is equivalent to zero and 

it is negligible.  Thus it does not contribute to the atomic mass of an isotope of an 

element. The unified atomic mass unit for a proton and a neutron is equivalent to 1 

when expressed to one significant figure. To find the atomic mass of an isotope we 

find the total number of protons and neutrons found in the nucleus of an atom. Since 

-231.993355482×10 g

-23 -241
1.993355482×10 g = 1.66 10

12
g 
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atoms of the same element with different neutrons but same number of protons exist 

and are called isotopes, the mass number should always be associated with the term 

isotope. It is from this perspective that the study proposes that atomic mass be defined 

as the sum of protons and neutrons present in an isotope of an element or the mass of 

an isotope compared to the mass of one-twelfth the mass of carbon-12 isotope. The 

atomic mass for carbon -12 with 6 protons and 6 neutrons is 12 and this number is a 

whole number.  This definition will help the teachers to understand atomic mass and 

not to confuse it with relative atomic mass as evidenced by the 16.7% teachers’ 

responses. 

Since elements exist as isotopes it is very difficult to tell what percentage of isotopes 

of an element are taking part in a chemical reaction in that they all have same chemical 

properties but different mass numbers. Thus there is need to come up with the average 

atomic masses of isotopes as the mass of an atom of an element. This is determined 

by finding the average mass numbers of all the isotopes taking into account their 

percentage abundance, referred to as the weighted average.  

 

Taking Chlorine element with two isotopes as an example; Chlorine -35 (35 Cl) and 

Chlorine – 37 (37 Cl) with the percentage abundance of 75% and 25% respectively. 

The average mass to represent the atom of chlorine element was determined as 

follows: 

 

 (mass number of 35 Cl × percentage abundance) + (mass number of 37 Cl× percentage 

abundance)  

                                                             
75 25

35 37 35.5
100 100

   
      

   
 

The weighted average, 35.5, is the relative atomic mass of chlorine atom. Relative 

means that this mass was compared with one- twelfth the mass of carbon-12 isotope.  

The masses of the individual isotopes that contributed to 35.5 were already compared 

to one-twelfth the mass of carbon-12 isotope. This means that the mass of chlorine 

atom is 35.5 times heavier than the mass of one–twelfth the mass of carbon -12 isotope. 
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The above understanding was missing in the teachers’ description of relative 

atomic/molecular mass.  This was the sources of difficulties in their understanding and 

presentation of relative atomic/molecular mass.  

The above understanding offers an appropriate explanation, from the didactic 

perspective, for teachers’ conceptual understanding and presentation of mass number 

and relative atomic mass. It explains the atomic mass unit scale, shows why the mass 

number is a whole number and relative atomic mass is not a whole number. It 

explicitly explains how the average atomic masses of isotopes of a given element were 

calculated.   

 In view of the above understanding, the study affirms that the correct definition of 

relative atomic mass should be; the average mass of isotopes of an element compared 

with the one twelfth the mass of carbon -12 isotope, as defined by Brady and Holum 

(1995) and Earl and Wilford (2008).   The study proposes that in order for learners and 

teachers not confuse mass number and relative atomic mass, teachers at ordinary level 

chemistry should stop using periodic tables that show whole numbers (mass number) 

except for Cl and start using the standard periodic tables that show relative atomic 

numbers as early as Grade 10.  

The other conceptual limitation in the understanding of relative atomic mass as a 

linking idea was that teachers did not exhibit an understanding of how the concept 

links to molar mass and the differences between these concepts. According to them 

the link between relative atomic mass is that the two quantities are numerically equal. 

And they treated the two concepts as one and the same. Instead of using molar mass 

to determine the number of moles in a given mass of substances they used relative 

atomic mass (Ar) and relative molecular mass (Mr), referred to as mister by the 

teachers.  This mistake was common even among the text books used by the teachers. 

The only difference teachers could identify between the two concepts was that relative 

atomic/ molecular mass has no units while molar mass has units, grams per mole 

(g/mol).  
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The above conception and presentation of the two concept showed that teachers lacked 

the conceptual understanding of the concepts and how they link to each other. The link 

between relative atomic/molecular mass and molar mass can be presented in many 

ways. One way is by looking at 1 mole of Carbon containing  atoms  and 

each atom has a mass of 12.01u.  The molar mass of  I mole of carbon sample at the 

macroscopic level,  containing atoms, is arrived at by using this expression;  

                             
23Molar mass = 6.02×10 atoms/mol ×12.01 u/atom             (6.1) 

We know that u  = 
-241.66×10 g , substituting the value of u in equation 6.1  

23 -24Molar mass = 6.02×10 atoms/mol ×12.01  1.66 10  g/atom   

 Molar mass of C = 12.01 g/mol 

Taking ratio of the mass of 1 mole of carbon-12 atoms and the relative atomic mass 

of carbon atom we get;   

                                  
12.01 g/mol

 = 1 g/mol
12.01

                                                     (6.2) 

The quotient, 1g/mol, is the conversion factor referred to as molar mass constant, with 

the symbol Mu (Marquardt et al., 2017).  It links molar mass (Mm) of the sample of 

element and relative atomic mass (Ar) of an atom of that element. In general, this this 

link, for any element, X is expressed as follows;   

                                               Mm(X)= Ar(X)Mu                                                    (6.3)  

This association also applies to the molar mass of any molecule and compound X with 

the relative molecular mass (Mr).  

The above relationships apply only to 1 mole of samples of elements and compounds. 

Take for instance, the molar mass of atoms of chlorine element with the relative atomic 

mass of 35.5 is determined by using equation (6.3):   

                                            Mm(Cl) = Ar(Cl)Mu  

236.02 10

236.02 10
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                                      35.5   1 g/mol  = 35.5 g/mol 

The standard pack contains elementary microscopic particles, this 

number is extremely huge.  Thus it is possible to measure the mass of this particles as 

mole of a sample of substance at macroscopic level (element and compound) as molar 

mass using beam balances. 

It is clear from the above explanation that although the relative atomic/molecular mass 

of a substance is numerically equal to its molar mass, the two concepts differ in so 

many aspects. To start with, the two concepts are based on different scales, relative 

atomic/formula mass is based on unified atomic mass units while molar mass is in 

grams per mole. Relative atomic/molecular mass is a convenient way of presenting 

the masses of atoms, molecules or formula units of compounds. The relative atomic 

mass is the weighted average of the atomic masses of natural isotopes conveniently 

expressed in unified atomic mass unit (u). Since relative atomic masses are ratios of 

the average atomic mass of isotopes to the atomic mass unit (u), they have no units. 

While molar mass is the mass in grams of one mole (standard pack) of microscopic 

particles. It enables chemists to measure the number of atoms and molecules in a 

sample at macroscopic level without counting them directly at microscopic level. It is 

clear that relative atomic/molecular mass relates to one microscopic particle while 

molar mass relates to the mass of the standard pack of microscopic particles.   

Understanding of the meaning of relative atomic/molecular mass and how it links to 

molar mass is crucial for conceptual understanding of the mole concept.  

The study identified teachers’ inadequate understanding of these concepts as one of 

the underlying sources of teaching difficulties of the mole concept. Teachers struggled 

to unpack the meaning of relative atomic mass and completely failed to link it to the 

mole concept despite relative atomic mass being the first subtopic under the mole 

concept.  

The above conceptual limitation had implication on how teachers presented the 

association of the mole (amount of substances) with other quantities; molar mass and 

actual masses of substances.  Teachers treated relative atomic mass as the actual mass 



236.02 10



 

166 
 

in grams of an atom of an element. This misconception was evident when teachers 

were taught to find the actual mass of oxygen atom. The results showed that all the 

seven teachers who took part in the focused group discussion said that the mass of one 

oxygen (O)atom is 16.00 g. This answer was erroneous, they only realised that their 

response was incorrect when the response was analysed by bringing in the aspect of 

reality, that’s when they realised that an oxygen atom cannot weigh that much. It could 

be very much impossible for human beings and other animals to breathe and later alone 

just to move. Human beings and animals could have been colliding with heavy 32.00 

g oxygen molecules making it practically impossible to move. The misconceptions are 

transmitted to learners which made it difficult for learners to understand the linking 

ideas and consequently to a conceptual understanding of the mole concept.  

 It is clear from the above discussion that conceptual understanding of scientific 

concepts is crucial for teachers otherwise they could be teaching concepts which may 

not even make any sense in reality. It is evident that lack of conceptual understanding 

of relative atomic mass as a liking idea to the mole concept accounts for a number of 

misconceptions in teaching and learning of the mole concept. The conceptual 

understanding of relative atomic mass and how it links to the mole concepts equips 

the learners with the conceptual tools to understand the mole concept. 

6.1.3 Teachers understanding of the meaning of the SI definition and the 

relationships among the amount of substance, elementary entities, mass and 

volume  

The International Union for Pure and Applied Chemistry (IUPAC) accepted ‘amount 

of substance’ as quantity to measure fundamental entities and the International 

Organisation for Standardization (ISO) made a recommendation to include the ‘mole’ 

in the International System of Units (SI) as the basic unit for amount of substance 

(Pekdag and Azizoglu, 2013). The mole was defined as follows:  

The mole is the amount of substance of a system which contains as many 

elementary entities as there are atoms in 0.012 kilogram of carbon -12. 

When the mole is used, the elementary entities must be specified and may 
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be atoms, molecules, ions electrons, other particles, or specified groups 

of such particles (Mills et al, 1993: 70) 

 

The findings indicated that the majority (96.7%) of the teachers acknowledged that 

they understood the meaning of the above SI definition. Their versions of the 

description of the mole showed that teachers understood that; 

i. The mole is a measuring unit in chemistry,  

ii. The mole is based on the number of atoms contained in 12.00 g of carbon-12, 

and 

iii. The mole is used to express the chemical amount in a substance  

 Nonetheless teachers rarely used the term ‘amount of substance’ in their description 

of the mole concept as observed by the way OT3 presented the concept in class; 

OT 3... A mole contains approximately 236.02 10 particles (atoms or molecules or 

ions).   The unit of measurement for a mole is mol 

Teachers stated that they were not comfortable to use the term because they were not 

sure of its meaning despite being the fundamental quantity in chemistry. In their 

presentation in class as it can be seen from the above description of the mole by OT3, 

teachers treated the mole as a quantity and its abbreviation ‘mol’ as the quantity. 

Treating the mole as a quantity is a misconception. This indicated that teachers did not 

understand the meaning of the amount of substance. This was why teachers were more 

comfortable to use ‘number of moles’ or just ‘moles.’ instead of the amount of 

substance. 

 The use of the number of moles or moles in place of the quantity ‘amount of 

substance’ has been cited in literature as one of the inconsistences in the presentation 

of the mole concept within the science education domain (Ngoh Khang and Lian Sai, 

1987; Boujabude and Barakat, 2000; Furio et al., 2002; Padilla, and Furio, 2007). On 

the other hand, it has already been pointed out the use of the amount of substance as a 

quantity is not appropriate. This has been cited as the source of wrong association of 

the mole concept to mass and other quantities.  It is against this backdrop that it has 
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been observed that the SI definition of the mole concepts on its own cannot lead 

learners’ to conceptual understanding of the mole concept (Fang et al., 2014). It is 

therefore not surprising that there are various alternative descriptions of the of the 

mole concept used by teachers and authors of chemistry textbooks.  

The SI definition does not explain the quantity ‘amount of substance’; it describes the 

unit the mole as a standard park. This is unlike the definitions of other standard 

quantities in science like mass, volume, time and volume. The meaning of the quantity 

amount of substance is not clear in the SI definition.  Thus this study supports other 

scholars’ observation that the term amount of substance is not an appropriate term 

(Furio et al., 2000; Padilla and Furio, 2007; Fang et al., 2014). In the SI definition the 

term amount of substance may mean the general use of the term amount of a substance 

that may mean any measurable quantity and which may be mass or volume. The 

confusion among teachers over the meaning of the term amount of substance and mass 

was evident when responding to question number 3 of the CoRes, that required them 

to state what they knew about the meaning of the mole which they intended learners 

not know.  Their response was; The relationship between the number of moles and the 

mass of a substance. This may bring confusion as the two are closely related 

(Appendix 2).  This may indicate that teachers associated the amount of substance to 

mass, resonating with the findings of other studies (Stromdahl et al., 1994; Furio et 

al., 2000; Furio et al., 2002). 

When chemists are determining the amount of substance in a given sample of a 

substance what they are trying to determine are the number of standard packs in that 

sample. The standard pack is called a mole hence the use of the ‘number of moles’ 

cannot be cited as one of the inconsistencies in the presentation of the mole concept. 

The underlying sources of misconceptions and inconsistencies in the understanding 

and presentation of the mole concept stem from the SI definition itself. It is from this 

perspective that study propose that chemical amount be adopted as the standard 

quantity for the measurement of fundamental particles of substances.  
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The findings revealed that teachers did not adequately understand the relationships 

between the amount of substance and elementary entities, mass, and volume. Their 

understanding was limited to algorithmic manipulation of these quantities. Their 

explanation and presentation of the associations among these concepts did not go 

beyond the following mathematical operations and interpretations.  

(s.t.p or s.t.p) 

Number of elementary entities = mole   Avogadro’s constant 

Their understanding mirrored most the text books presentations of the above 

relationships.    Teachers could not bring out the chemical meaning by explaining the 

above association in terms of the relationships between the macroscopic, microscopic 

and symbolic knowledge levels.  No attempt was made in the observed lessons to give 

learners an opportunity through hands- on activities to manipulate the macroscopic 

and symbolic knowledge level. Then link the two knowledge levels to microscopic 

concepts, for learners to have a conceptual understanding of how macroscopic 

measurements are linked to counting of intangible entities. The failure by teachers to 

go beyond mathematical representation of the association of the amount of substance 

with other quantities indicated that teachers’ understanding of the following 

conceptual network about amount of substance was inadequate. 

In the conceptual network, aspects of macroscopic measurements, mass and volume, 

are linked to the counting of a certain number of intangible entities. If teachers had a 

conceptual understanding of relative atomic mass, molar mass and the above 

relationship of the amount of substance with other quantities, they wouldn’t have used 

relative atomic/molecular mass (Ar/Mr) in place of molar mass (Mm) to determine the 

number of moles in a given mass of a substance. The two concepts are different. Molar 

mass is the mass per mole of particles thus it is used to determine the amount of 

substance (chemical amount) present in a given mass of any sample of a substance. 

   ( )   
 /     r r

mass m
Number of moles n

molar mass relative atomic mass A or M
 

   ( )   
   v

volume v
Number of moles n

molar volume M
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While relative atomic/molecular is just a convenient way of presenting the masses of 

atoms and molecules. In order not to confuse the symbol for molar mass with symbols 

for other quantities like relative molecular mass (Mr) and molarity (M) the study 

proposes that the  symbol for molar mass be Mm.   

Using the conceptual profile zones identified by Padilla et al., (2008) to assess teachers 

understanding and presentation of the mole concept, the discussion of findings show 

that teachers did not acquire the formal rationalist conceptual profile zone of amount 

of substance.  The zone sustains a coherent and balanced relationship between the 

macroscopic and microscopic levels of explanation. Without understanding the 

knowledge levels on which the concepts and quantities operates and their correct 

associations within the conceptual network of the amount of substance, it will always 

result in sematic mistakes and didactic difficulties exhibited by the teachers in the 

teaching of the mole concept (Pekdag and Azizoglu, 2013). It also became very 

difficult for teachers to provide opportunities for learners to manipulate the 

macroscopic world in order for them to indirectly measure and explain the microscopic 

entities. Teachers should understand that the multiple interpretations embedded in the 

conceptual network of the mole concept allow us to bridge the gap between 

microscopic world of atoms and macroscopic world that we can observe. The focus 

should not be on the mathematical interpretation and mastering of the formulae for the 

relationships of quantities within the network of the amount of substances, but the 

conceptual understanding of those relationships. 

 It is in view of the above, that the study identified lack of conceptual understanding 

of the multiple interpretations embedded in the conceptual network of the mole 

concept as one of the primary underlying sources of teaching and learning difficulties 

of the topic. The study considered teachers’ weak mathematics background, reported 

in literature, as a secondary source of teaching difficulties of mole concept. The 

mathematics involved in the manipulation of the relationships within the network is 

simple arithmetic which acts as a tool. Without the conceptual understanding of those 

relationships it is very difficult to use that tool. The main focus when teaching the 

mole concept should be to help learners understand the meaning as opposed to 
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mastering the formulae that represents the conceptual network of the mole concept.  

This is the only way learners are going to adequately understand the meaning of the 

mole concept and its application in chemistry. Subsequently, this will improve their 

performance in chemistry.  

6.1.4 Teachers understanding of the application of mole concept in 

stoichiometry 

The mole concept forms the framework for the determination of empirical formula of 

compounds, expression of the concentrations of solutions, and calculations of various 

quantities of substances taking part in a chemical reaction. Thus understanding of how 

the mole concept is applied in the expression of the empirical formulae and solutions, 

and in stoichiometry is paramount in chemistry. 

The findings indicated that teachers’ understanding of the meaning and the calculation 

of empirical formula was limited to mathematical operation as presented by the text 

books. Their understanding of the empirical formula was characterised by two 

limitations. The first limitation was that they did not adequately understand that 

percentage composition of a compound acts as a tool in determining of masses of 

elements present in any given mass of a specific compound and analysis of samples. 

Teachers’ understanding of the percentage composition by mass was limited to 

operation definition of the concept. This was evident during focus group discussion 

when they were asked to find the mass of chlorine present in 50 grams of common salt 

(sodium chloride), they struggled to find the answer they didn’t know where to start 

from. The participants supported the following wrong answer which was given by one 

of the teachers.  

It is 25 grams since there is one chlorine atom and one sodium atom in each 

sodium chloride (NaCl). The mole ratio is 1:1 

This indicated that teachers did not understand that percentage composition by mass 

of a compound is constant and can be determined by using the relative molecular mass 

of that compound and relative atomic masses of elements present in that compound. It 

does not mean that if the mole ratio of elements present in a compound is 1:1 as in 
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NaCl, then there is 50% of Na and 50% of Cl by mass present in NaCl. Using the 

relative molecular mass of NaCl and relative atomic masses of Na and Cl, the 

percentage composition by mass of NaCl can be determined as follows:  

   

The percentage of Cl in NaCl      =   
Relative atomic mass of  Cl

 × 100
relative molecular mass of NaCl

          

                                                                     =  
35.5

 × 100
58.4

 

                                                          = 60.8% 

 

The percentage of Na in NaCl           = 
Relative atomic mass of  Na

 × 100
relative molecular mass of NaCl

   

                                     =  
22.9

 × 100
58.4

 

                                                            =   39.2% 

 The percentage of Na can also be calculated by subtracting the percent of Cl from 

hundred percent, 100 % - 60.8 % = 39.2%, because pure NaCl contains only Na and 

Cl and their mass percentages adds up to 100%. It means that if we take 100 g of NaCl 

the mass of Cl = 60.0 g and the mass of Na = 39.2 g. In 50 g of NaCl or any given 

mass of NaCl, the masses of Cl and Na will be given by multiplying the mass 

percentages by the mass of the sample of NaCl. 

  Mass of Cl in 50 g of NaCl       =   
60.8

 × 50 g = 30.4 g 
100

 

  Mass of Na in 50 g of   NaCl    =  
39.2

 × 50 g = 19.6 g 
100

 

   Or Mass of NaCl – mass of Cl   = 50 g – 30.4 g = 19.6 g 

Teachers need to understand the above meaning and significance of percentage 

composition by mass in chemistry in order to link the concept to masses and moles of 

elements present in a given empirical formula of a compound.  
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The second limitation was that, teachers only understood one meaning conveyed by 

the empirical formula. They only understood that empirical formula indicates the 

simplest number ratio of atoms of elements present in a molecule or formula unit.  

Despite teachers presenting steps 3 and 4, for the determination of moles and the 

simplest mole ratio respectively, they did not understand that empirical formula 

actually shows the mole ratios of atoms of elements present in a compound.  This 

limitation was exhibited even by teachers who taught empirical formula after 

discussing the mole concept. The problem emanates from the way text books used by 

teachers’ defined empirical formula.  The following were the common text books’ 

versions of the definition of the empirical formula.  

i. Empirical formula shows the number of atoms of elements in a compound in 

their simplest whole number ratio (Holderness and Lambert,1987). 

ii. Empirical formula is a formula showing the simplest ratio of atoms present (Earl 

& Wilford, 2008). 

iii. It is the simplest formula of a compound (Childs, 2004). 

The above versions describe the formula in terms of the simplest whole number ratio 

of atoms of elements present in a compound. Understanding the empirical formula in 

terms of the moles ratios of atoms of elements is key in understanding the chemical 

compositions of compounds from a quantitative perspective. Take for instance the 

question on finding the mass of Na and Cl present in 50 g of NaCl discussed above. If 

teachers understood the meaning of empirical formula in terms of mole ratios, they 

would have used this understanding to work out the masses of Na and Cl as follows: 

1. Calculate the moles of NaCl present in 50 g NaCl =  
mass of NaCl

molar mass of NaCl
 

                                                                                  = 
50 g

58.4 g/mol
   =   0.86 mol 

2. Determine the moles of Na and Cl atoms by using the mole ratios in the formula. 

The formula tells as that for every 1 mole of NaCl sample there is 1 mole Na 
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atoms and 1 mole of Cl atoms. It means that in 0.86 mol of NaCl there is 0.86 

mol of Na atoms and 0.86 mol of Cl atoms. 

 

3. Calculate the mass of Na and Cl present in 50 g of NaCl by using the following 

association;   

    Mass = mol   molar mass  

                           Mass of Na = 0.86 mol 22.9 g/mol   =  19.6 g 

                                Mass of Cl = 0.86 mol 35.5 g/mol  =  30.4 g 

The above discussion illustrates that understanding of empirical formula goes beyond 

the determination of the number of atoms of elements present in compound. It involves 

the application of multiple interpretations embedded in the conceptual network of the 

mole concept. Mastering of the mathematical algorithmic steps involved in the 

determination of empirical formula without understanding the chemical meaning and 

the significance of each step, was the underlying source of the conceptual limitation 

in understanding the concept.  This may explain why the participants and textbooks 

used relative atomic mass instead of molar mass in determining of the actual number 

of moles atoms of each element in a given mass of a compound. Mathematically we 

can divide relative atomic/molecular into the mass of each element in a given 

compound the answer will still be correct. But in chemistry the quotient will be a 

wrong quantity, the mass instead of moles. This is because relative atomic/molecular 

mass has no units. If we consider relative atomic/molecular mass to be in atomic mass 

unit (u) then the answer will be in grams per atomic mass unit (g/u), which does not 

make any sense.  

Teachers need to understand the meaning of every step involved in the determination 

of the empirical formula in order to understand the concept.  It is the only way they 

will appreciate that empirical formula acts as a guide at symbolic knowledge level to 

count the actual number of particles at microscopic level, as well as the determination 

of the masses of elements present in a given quantity of a compound at macroscopic 

level. Thus the conceptual understanding and appreciation of empirical formula forms 

a strong background in stoichiometry. It is from this perspective that the study 
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identified lack of adequate understanding of the empirical formula as one of the 

underlying sources teaching difficulties of the mole concept. This is because without 

understanding of the meaning conveyed by the empirical formula of a substance it is 

very difficult for teachers to explain mole ratios of atoms of elements in a compound 

and consequently the determination of masses of each element in a given sample.   

The other concept under the mole concept topic that requires the application of the 

concept is the expression of the concentrations of aqueous solutions. The way teachers 

defined and presented concentration in class indicated that teachers’ understanding of 

the concept was limited to mathematical representation of the association between the 

solute and the solvent in a given solution. Teachers did not explain the meaning of 

concentration; they just explained to learners that concentration can be expressed 

either in grams per decimeter cubed (g/dm3) of the solution or moles per decimeter 

cubed (mol/dm3) and stated the following formulae; 

3

   ( )

   ( )

mass of solute g
Con

volume of solution dm
  

                            Or 

        
3

     ( )

   ( )

number of moles of solute mol
Con

volume of solution dm
  

They did not even point out that the standard way of expressing the concentration was 

moles of the solute per decimeter (mol/dm3) of a given solution.  The term molarity 

(M) was not explained to specifically mean moles of solute per decimeter cubed of the 

solution. Even when the concept of molarity was explained it lacked the chemistry 

reasoning; its significance and application in chemistry.   

When teachers were asked during focus group discussion to explain the meaning of 

molarity (mol/dm3), they just stated that it was moles of a solute in a solution per litre. 

They could not go beyond this explanation to bring the aspect of microscopic particles 

in a solution.  This indicated that teachers lacked the understanding that dissolving a 

certain mass of a solute, sodium chloride (NaCl) for instance, and expressing it in 

mol/dm3, is an indirect way of counting the number of Na- and Cl- ions per decimeter 
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cubed of a solution. Teachers explained the concept theoretically without any simple 

hands- on activity to accord learners an opportunity to manipulate quantities of solutes 

at macroscopic level and then link them to symbolic and microscopic knowledge 

levels by expressing the dissolved mass of a solute in mol/dm3. This is critical in the 

understanding, manipulation and determination of molarity and volumes in 

quantitative analysis of aqueous solutions involved in a chemical reaction.  

The introduction of the mole concept provided the framework for stoichiometry. Thus 

the conceptual understanding of the link between the amount of substance (chemical 

amount) and the following quantities; mass, molar mass, molar volume, volume, and 

concentration is critical in Stoichiometry. The study revealed that the way teachers 

presented the application of the mole concept in the calculations of the quantities of 

reacting substances suggested that their understanding of stoichiometry was limited to 

mastering of equations and formulae. Their presentation never evoked much chemistry 

reasoning.  This was because stoichiometry problems were presented theoretically, no 

reference was made to any actual chemical reactions and some examples given did not 

make any chemistry sense. Take for instance, OT 3 who gave an example in which he 

calculated the moles of HCl in 7.3 g of dilute hydrochloric acid solution that reacted 

with calcium carbonate.  The teachers used the following expression: 

moles of HCl = 
7.3 

       0.2 
 36.5 /

mass g
Moles of HCl mol

molar mass g mol
     

Mathematically the teacher found the correct answer, but in terms of chemistry 

reasoning it was wrong. The above expression is appropriate for finding the moles of 

solids and gases whose masses are known but not for aqueous solutions. The 

appropriate quantities that are linked to the moles of solute in an aqueous solution are 

molarity and the volume of the solution. The teacher was supposed to express HCl that 

reacted in terms molarity and volume. Not mass, because the mass of an aqueous 

solution constitutes the mass of the solute (HCl) and the solvent, water (H2O). When 

mass is used for an aqueous solution the percentage by mass of a solute and the density 

of the solution should be given.  This is another way of expressing the concentration 
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of solutions.  This illustrated that the teachers did not have a conceptual understanding 

of the multiple interpretations embedded in the conceptual network of the mole 

concept. Their understanding and focus when teaching stoichiometry was mastering 

of the expressions and mathematical operations not the chemistry involved in those 

expression. According to Padilla et al. (2008) their understanding was within formalist 

conceptual profile zone, the conceptual path that is characterised by the use algorithms 

and mathematical formulae as analytical tools applied without understanding of the 

relationship involved.      

Lack of conceptual understanding of the multiple associations and meanings 

embedded in the conceptual network, might be one of the many reasons why teachers 

presented the calculation of quantities of reacting substances theoretically.  They 

approached the mole concept problems in terms of mass proportions; purely a 

mathematical algorithmic approach at the expense of chemical understanding.  Hence 

teachers missed the opportunity to creatively teach the association among the three 

knowledge levels in the understanding of the mole concept. Learners should be 

accorded with an opportunity to measure the quantities of reactants in a given reaction, 

observe the reactions and interpret chemical reactions using balanced chemical 

equations.  Then allow learners to associate the masses and volumes of products to 

particles (atoms, ions, molecules) involved in a reaction by calculating the amount of 

substance (moles) of reactants and products.  

The study identified lack of conceptual understanding of the multiple associations and 

meanings embedded in the conceptual network of the mole concept as one of the 

underlying sources of teaching difficulties of the mole concept topic. Teachers 

struggled to teach stoichiometry not that they hand weak mathematics background but 

lacked adequate understanding of the chemical meanings embedded in the 

mathematical expressions that represent the associations among the macro, micro and 

symbolic knowledge levels under the mole concept. 

The other underlying source of difficulties in understanding and teaching 

stoichiometry was the teachers’ inadequate understanding of the meaning of limiting 
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reactant. The way teachers defined and presented limiting and excess reactants 

indicated that their understanding of the concepts was within common sense.  

According to the findings the participants gave the following explanation of how they 

determined a limiting reactant; 

……first you calculate the number of moles of the reactants. A limiting reactant is 

the one with the smaller number of moles in that it will be completely consumed 

and the reaction will stop. 

It is common sense that we expect a substance with a smaller number of moles to be 

consumed first in a reaction than the reactant with a larger number of moles. This 

shows that teachers did not understand that limiting reactant of a reaction, limits the 

amount of the product produced in a chemical reaction. Meaning a limiting reactant 

should be determined by calculating the moles of the products that can be produced 

from number of moles of each reactant available, taking into account the mole ratios 

of each reactant and the products. They should understand that in a chemical reaction 

the rate and the amount of reactants consumed is not only determined by the quantities 

of the reactants available but also by amount of products formed.  Theoretically this is 

determined by the moles ratios of reactants and products in a balanced chemical 

equation.  

Thus limiting reactant should be determined by calculating the number of moles 

available for each reactant.  Then determine the moles of the product that would be 

produced assuming each of the available moles of each reactant was completely 

consumed. This is done by using the mole ratio of each reactant to the product whose 

quantity is being sought.  The one that produces the least number of moles of the 

product is a limiting reactant. It means that no more products will be produced because 

the limiting reactant is completely consumed and the reaction will stop. Teachers may 

have literally understood that a limiting reactant is completely consumed in a reaction, 

but how this happens and how a limiting reactant is determined in a given reaction 

was still a challenge.  Their understanding was that the reactant with the small number 

of moles will be automatically consumed first and hence it is a limiting reactant.  Thus 
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the Lack of understanding of limiting and excess reactant and the way it is taught 

presented a challenge in the teaching and consequently understanding of stoichiometry 

by learners.  

The results also showed that although teachers did demonstrate an understanding of 

percentage yield of a chemical reaction, they struggled to explain the meaning of the 

concepts and why percentage yield is always less than 100%. Their explanation of the 

difference between theoretical and actual yield was not clear. Teachers taught the 

concept theoretically and the focus was for learners to master the definitions of the 

concepts without any reference to actual chemical reaction. In their presentation 

teachers explained that the theoretical yield is the one calculated from the equation 

and the actual yield is the one obtained through an experiment and it usually given in 

question. This presentation of the two concepts was not pedagogically powerful to 

facilitate the conceptual understanding of the concepts by learners. 

Theoretical and actual yield can easily be presented and understood by learners by 

using hands on activities. Learners should be given an opportunity to calculate the 

expected yield before carrying out a chemical reaction using a balanced chemical 

equation. Then they should be made to understand that the expected (theoretical) is 

always equal to 100%. Then learners should be given chance to carry out the same 

reaction and measure the actual quantities of products. After that they should compare 

the two yields and find explanation why the actual yield was less than the theoretical 

yield. Learners themselves under the guidance of the teacher will find explanations 

why the actual was less than the expected yield. Thus learners   will learn the concepts 

in a meaningful and effective way.  

The above discussions of the findings on the teachers’ mole concept content 

knowledge indicates that in general inadequate understanding of the concepts and 

ideas under the mole concept topic was the main source of teaching difficulties.  

Teachers resorted to theoretical and algorithmic approaches when teaching the topic. 

They struggle to make leaners have a conceptual understanding of the meanings of the 

associations among the macro, micro and symbolic knowledge levels embedded in the 
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conceptual network of the mole concept.  Thus it is imperative to enhance the teachers’ 

mole concept CK in order to improve the teaching and learning of the mole concept in 

secondary schools. It was from this perspective that the study went further to assess 

teachers’ mole concept PCK so as to develop a model of the mole concept Content 

Representations (CoRes) framework.  The mole concept CoRes may guide and 

enhance both teachers’ content and mole concept PCK.  It is envisaged that the 

framework might consequently improve the performance of learners in chemistry.  

6.3 The teachers’ mole concept Pedagogical Content Knowledge 

It has been highlighted in literature that assessing and capturing teachers’ topic PCK 

can be difficult and complex. This is because this knowledge is at two levels; one as 

the theoretical knowledge possessed by a teacher and secondly, as the knowledge 

exhibited by the teachers’ orientations, decisions and actions in class when teaching a 

topic. The former is more difficult to assess than the latter, and two might be at 

variances because of other external factors that may influences teachers’ orientations, 

decisions and actions in class. Moreover, a teacher may not be willing to share the 

knowledge or may decide not to be sincere for one reason or another. Thus in order to 

assess and capture this knowledge the study use multiple data collection and used 

triangulation technique in the collection, analysis and interpretation of data from the 

multiple sources.  The captured teachers’ mole concept PCK was analysed and 

discussed under the following knowledge components of topic specific PCK:   

a) Curriculum saliency; 

b) What makes the topic difficult or easy to understand? 

c) Learners ‘prior knowledge, misconception and learning difficulties; 

d) Presentation and analogies; and 

e) Conceptual strategies. 

6.3.1 Curriculum saliency 

The discussion of the teacher’ mole concept CoRes and how teachers presented the 

concepts under the mole concept topic indicated that teachers’ curriculum saliency 

knowledge domain was inadequate. They struggled to judge the breadth and the depth 
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to which the ideas and concept should be covered and how the ideas link together. 

Their weak topic CK adversely affected their ability to identify and decide which ideas 

and concepts within the topic were most central and which ones were more peripheral 

in understanding the mole concept topic. This resonates with the findings of other 

studies in literature conducted on the place of CK in PCK (Sanders et al., 1993; Childs 

and McNicholl, 2007; Rollnick and Mavhunga, 2015). These studies have shown that 

CK is a precursor for the development TSPCK. It means that the stronger the CK 

possessed by the teacher the more likely he or she is able to develop sound TSPCK.  

The lack of adequate mole concept CK was echoed by teachers themselves in the 

captured mole concept CoRes as one of the limitations in the presentation of various 

underlying ideas under the mole concept topic, Appendix 2. It was very difficult for 

teachers to identify key ideas and understand how they link to other concepts within a 

topic in a way that facilities learners understanding of the mole concept. This was 

because they did not adequately understand the concepts and ideas to adequately 

develop the ability to identify concepts and ideas and understand how they link to each 

other within the topic. Hence teachers relied so much on text books definitions of the 

concepts.  Their sequencing of the ideas within the topic and the topics within the 

schemes of work (Appendix 5) was mostly influenced by the way textbooks and the 

syllabus outlined the ideas and topics. The Appendix 2 shows that teachers taught the 

mole concept in second term of Grade 11 long after the key and pre-requests concepts 

under the topics; atomic theory, periodic table and the language of chemistry had 

already been covered in Grade 10.  To justify this sequence, teachers said that mole 

concept is taught in grade 11 because learners in grade 10 find it difficult to handle 

the mathematics involved in the topic.  Learners’ weak mathematics background 

cannot be the justification for misplacing the mole concept in the schemes of work.    

The mathematics involved in the calculation of moles, concentrations, empirical 

formula, volumes mass of substances is simple arithmetic that is used in everyday life. 

This mathematics had already been taught way back in grades 7, 8 and 9.  The 

challenge is not the mathematics but the lack of conceptual understanding of concepts 

and the meaning of the formulae presented to learners. It has already been discussed 
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and reported in literature that teachers themselves struggled to teach the mole concept. 

This does not mean that their mathematics was weak. Even if the topic is taught at 

grade 11 or any higher level, where learner’s mathematical abilities are so high, studies 

have shown that learners still find mole concept to be a very difficult topic (Furio’ et 

al., 2000; Furio et al., 2002).  Thus teacher’ weak curriculum saliency knowledge 

domain can only be attribute to their inadequate understanding of the mole concept 

which affected their understanding of where the mole concept sits in the curriculum 

and its significance in chemistry. It has also been shown in literature that weak content 

knowledge adversely affects teachers planning, decisions and creativity in teaching of 

a specific topic (Jones et al., 1999). 

The results revealed that teachers did not discuss bridging ideas within the mole 

concept topic. Take for instance teachers did not discuss how atomic theory link to the 

mole concept through relative atomic mass as linking idea, and they did not explain 

the meaning and significance of percentage composition by mass in understanding 

empirical formula.  The discussions have shown that missing out or treating bridging 

ideas as peripheral ideas presented the conceptual and teaching limitations of the mole 

concept.  Lack of conceptual understanding of underlying concepts under the mole 

concept topic limited the teacher’s ability to decide which ideas and concepts within 

the topic are the most central and which are more peripheral.  These adversely affected 

teachers’ ability to unpack ideas and concepts for learners in a manner that facilitates 

learners understanding of the mole concept.   

6.3.2 Knowledge of what makes the mole concept topic difficult or easy to 

understand 

The findings show that teachers had knowledge of why the mole concept was a 

difficult topic to teach but in practice they did not exhibit the ability to identify gate-

keeping concepts, within the mole concept topic, that are difficult to understand. They 

did not show that dedicated awareness by coming up with possible interventions for 

teaching those bridging concepts.  Teachers could not show creativity in the way they 

presented the topic. In some instances, they avoided even discussing those difficult 
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concepts in class because they lacked the conceptual understanding of those concepts, 

as it was the case with dilution and limiting reactant. 

Take for example, teachers could not take time to explain the meaning of the following 

concepts in detail; mass number, relative atomic mass and molar mass, and clarify the 

differences among these concepts. This was because teachers themselves did not 

adequately understand these concepts. Their understanding of these concepts were 

characterised by misconceptions. One of the misconceptions was that teachers 

understand that the actual mass of an atom of an element in grams is equal to relative 

atomic mass and molar mass of atoms of a given element. This misconception was a 

limitation in understanding and teaching of the mole concept. This was echoed by 

Fang et al. (2014) that lack of conceptual understanding of relative atomic mass and 

how it is linked to mole concept by teachers is one of the limitations in unpacking of 

the meaning of the mole concepts.  Since teachers did not have the conceptual 

understanding of the linking ideas obscured their ability to identify that inadequate 

understanding of the linking ideas was one of the aspects that make teaching and 

learning of the mole concept difficult. Hence it was not surprising that teachers 

indicated that they found teaching linking ideas easier than the application of the mole 

concept in stoichiometry. This illustrates how teachers’ weak content knowledge 

limited their ability to identify what makes the mole concept topic difficult or easy to 

teach and understand.  

The captured CoRes framework for teachers, Appendix 2, show that most of the 

highlighted factors that make teaching of the mole concept difficult to teach which 

were identified by teachers were attributed to learner characteristics as opposed to 

nature of the mole concept knowledge and didactic factors.  Teachers’ CoRes 

identified the following as some of the factors that make the mole concept topic 

difficult to teach; the abstract nature of the concept, learners found it difficult to 

understand new concepts under the topic, poor mathematics background, and learners’ 

perception that mole concept is a very difficult topic. Teachers were aware that the 

abstract nature of the mole concept pauses a challenge in teaching and learning of the 

topic. Nonetheless they never made any effort to use methods that could have provided 
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learners with an opportunity to link and understand the association among the abstract 

(microscopic), concrete (macroscopic) representation (symbolic) concepts. This is 

because they faced similar challenges. 

 Learners are bound to find any new concept in science difficult to understand. It is 

the role of a teacher through experience to identify what makes the concept difficult 

and come up with ways of presenting it in the form that could easily be understood by 

learner. Thus learners’ difficulties to understand new concepts and their perception of 

the mole concept as being difficulty cannot be considered as valid knowledge under 

this knowledge component of TSPCK. The study has shown that teachers difficulties 

in transforming the concepts under the mole concept in the form that could be 

understood by learners was largely due to their weak content knowledge.  Teachers 

found it difficult to teach the mole concept because they struggled to understand most 

of the underlying concept under the mole concept. The fact that teachers could not 

examine and reflect on their conceptual and didactic limitations as some of aspects 

that make the teaching of the mole concepts topic to teach and understand was an 

indication that their mole concept PaP-eRs was weak. 

It has already been stated, contrary to the findings of other studies, that learners’ poor 

mathematics background cannot be treated as the primary underlying source of 

teaching difficulty. To start with mathematics is a tool used in science.  Learners can 

only apply mathematical rules and operations appropriately to solve a scientific 

problem if they have a conceptual understanding of the concepts, laws, principles and 

theories that explain a given scientific problem. Findings have already shown that 

teachers themselves could not find the masses of Na and Cl present in 50 g of NaCl.  

This was not because they didn’t know how to use the four mathematical operations, 

proportions and changing the subject of the formula, they did not just have the 

conceptual understanding of the empirical formula.  

Learners weak mathematics background and their perception of the mole concept as 

being a difficult topic may pause some teaching challenges of the topic. However, 

results have shown that the following factors made the mole concept difficult to teach:  



 

185 
 

i. The abstract nature of the mole concept 

ii. Failure to adequately understand where the concept sits in the chemistry 

curriculum. 

iii. Inadequate understanding of the following linking ideas; relative atomic mass, 

molar mass molar volume. 

iv. Inadequate understanding of how atomic molecular theory links to the mole 

concepts. 

v. Inadequate understanding of bridging concepts within the underlying ideas 

under the mole concept. 

vi. Lack of conceptual understanding of the meaning of the multiple association of 

the macro, micro and symbolic knowledge within the mole concept. 

vii. Too much reliance on teaching strategies that focused mastering and 

memorising of definitions and formulae. 

The above conceptual and didactic limitations were some of the main factors that 

actually made teachers struggle when teaching the mole concept. It was difficulty for 

teachers without the adequate understanding of the concepts to reflect and identify 

what actually made the mole concept difficult to teach. Thus it was important to 

develop a Content Representations framework that may enhance both teachers’ CK 

and PCK.    

6.3.3 Learners ‘prior knowledge, misconception and learning difficulties 

The findings show that teachers were not aware of learners’ misconceptions and 

learning difficulties. They were not even aware that learners conceptual profile zone 

in understanding most of the ideas under the mole concept was within the common 

sense and not in scientific domain.   Learners viewed microscopic particles, atoms, 

ions and molecules (formula units) as tiny pieces of elements and compounds. Thus 

they attributed properties, like mass in grams, belonging to macroscopic level to these 

particles. The wrong associations among macroscopic microscopic and symbolic 

levels were common in the reasoning of the learners. The learners’ misconceptions 

resonate with the findings in the study by Pakdag and Azizoglu (2013).    
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Teachers found it difficult to deal with learners’ wrong associations, misconception 

and learning difficulties. This was because, to larger extent, teachers were responsible 

for those misconceptions and learning difficulties. Teachers had the same conceptual 

challenges in understanding most of the concepts and hence they transmitted them to 

learners.  Teachers conceptual short comings limited the teachers’ ability to identify 

learners’ difficulties in understanding of key concepts. It also affected their creativity 

and innovativeness in addressing learners’ misconceptions. This shows that without 

sound CK it is very difficult to identify learners’ misconception and learning 

difficulties. That is why sound CK is a precursor for quality topic PCK.  A teacher 

with sound mole concept PCK is likely to have knowledge about; the types of 

difficulties that learners experience, typical paths that learners’ transverse to achieve 

understanding and potential strategies for helping pupils overcome learning obstacles 

of the concept (Schulman, 1987). This knowledge is critical for effective teaching and 

learning of the mole concepts. 

 6.3.4 Presentations and analogies 

Knowledge of various ways of presenting of concepts, use of analogies and 

appropriate examples is key for effective teaching and learning of any topic. The 

results indicated that teachers did not have adequate knowledge of how to come up 

with specific ways of framing different bridging concepts and ideas to support 

effective teaching and learning of the mole concept. Their responses to questions 8 

and 9 of the CoRes framework, which required them to state the strategies they used 

and to justify why they employed those strategies when presenting each underlying 

concept indicated that this knowledge domain was limited to general PCK. The 

captured teachers’ mole CoRes and lesson observations indicated that they used 

question and answer, discussion and teacher exposition in presenting concepts.  

Observed teachers presented all underlying mole concept ideas and concepts using the 

general approach.  They started presenting by first defining the concepts, then 

presented the formula, if calculations were involved, gave an example which was 

worked out by the teachers with the involvement of the class. After that the teacher 

gave the class exercise which was either solved individually or in groups. This is a 

general approach to teaching of any idea. They did not demonstrate the awareness that 
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mole concept underlying concepts and ideas have different meanings and fall in 

different knowledge levels; macro, micro and symbolic level.  The awareness might 

have provoked them to come up with different and creative ways of presenting various 

concepts to facilitate learners understanding of the mole concept. 

 Teachers demonstrated to have the general pedagogy; however, they lacked adequate 

understanding of the mole concept so as to come up with specific ways of framing 

different ideas under the mole concept topic to support effective teaching and learning. 

It was very difficult for teachers with weak CK to come up with different strategies of 

explaining, giving of examples, using simulations and analogies to support effective 

teaching and learning of different ideas. Presentation of the mole concepts ideas 

requires the use hands-on activities, simulations and analogies that would help learners 

to have a conceptual understanding of the embedded multiple meanings of the 

associations of the mole with other quantities.   

6.3.5 Conceptual strategies 

The teachers’ mole concept CoRes and actual lesson presentations show that teachers 

failed to come up with conceptual strategies to engage learners in the learning process 

of various concepts.  According to Malcolm et al. (2018:4) “... conceptual teaching 

strategies go beyond the use of just pedagogical strategies but are informed 

considerations of the conceptual architecture towards mediating learning in the topic.”  

Conceptual strategies give the teacher an opportunity to confront learners’ confusion 

and misconceptions, and in turn engage learners in the construction of meanings from 

experience. Teachers did not use the combination of conceptual principles and rules 

of a topic as tools to confront potential confusion and misconception in understanding 

the mole concept.  

The conceptual principles and rules governing the understanding of the mole concept 

topic requires that teachers understanding should be within formal rationalist 

conceptual profile zone. In this zone network aspects of macroscopic measurements, 

mass and volume, are linked to the counting of a certain number of intangible entities.  

According to Padilla et al. (2008) this zone sustains a coherent and balanced 
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relationship among the macroscopic, microscopic and symbolic levels of explanation. 

And the zone represents the accepted model of the amount of substance. Teachers 

struggled to come up with conceptual strategies because they did not adequately 

acquire this accepted model of the mole concept.   The accepted model is what has 

been presented in this study by the modified concept map by Fang et al. (2014) for 

conceptual understanding of the mole concept.  

 In order for learners to have a conceptual understanding of the mole concept, teachers 

need to be creative and use the following conceptual principles when presenting 

underlying ideas under the mole concept: They should engage learners in hands-on 

activities in which they will be able to directly manipulate the macro concepts and 

micro concept indirectly by using models and simulations. This will accord learners 

with opportunities to form correct associations among macro, micro and symbolic 

concepts that are key for conceptual understanding of the mole concept.  

There are could be other factors that could have made teachers to resort to the use of 

algorithmic approaches. The strategies that focused on mastering of definitions and 

formulae as opposed to engaging learners in appropriate learning experiences that 

focuses on conceptual understanding. The results indicate that their choice of teaching 

strategies was largely affected by their weak mole concept content knowledge.  

The above discussion indicates that teachers ‘weak mole concept PCK was mostly 

affected by their weak topic CK. The weak CK negatively affected teachers’ decisions 

and presentation of underlying concepts and ideas under the mole concept topic, and 

consequently affected learners understanding of the topic. It is therefore important to 

guide and enhance teachers’ CK and the mole concept PCK.  

6.4 Learners’ understanding of the mole concept  

The general performance in the mole concept test showed that the majority (83.3%) of 

learners scored below 35%. The mean score and nature of responses to test items under 

the following themes: linking ideas, meaning of the SI definition and the application 

of the mole concept, revealed that learners did not have a conceptual understanding of 

the mole concept topic.  However, the results show that learners performed very well 
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on the calculation of relative molecular mass. Most (81.7%) of the learners managed 

to calculate the relative molecular mass of calcium hydroxide ( 2Ca(OH) ). 

6.4.1 Understanding of linking ideas. 

The findings showed that learners understanding of the following linking ideas; Mass 

number, relative atomic mass, molar mass and molar volume were characterised by 

misconceptions and confusion over the meanings of these concepts. The findings 

resonate with the results of other studies on mole concept (Ngoh Khang and Lian Sai, 

1987; Boujabude and Barakat, 2000; Furio et al., 2002; Padilla and Furio, 2007).   

The results showed that 49.8% of the learners struggled to define the mass number. 

The focus groups further revealed that even the 40.2% of learners who managed to 

define the mass number as ‘the total number of protons and neutrons in an atom of an 

element,’ did not have a conceptual understanding of the concept.  Learners did not 

understand its meaning, significance and the scale used to express the mass of atomic 

particles that contribute to mass number. Learners associated this quantity to the actual 

mass of atoms in grams. The conceptual limitations and misconceptions stemmed from 

the way teachers’ and textbooks presented the concept. Teachers and text books did 

not bring out how minute the masses of atoms are and let alone the atomic particles. 

Teachers should illustrate how minute and cumbersome it is to use the actual masses 

of protons, neutrons and electrons. Then explain and show how the atomic mass unit 

scale was developed as a convenient way of representing the masses of atomic 

particles, and why the atomic mass unit for an electron is negligible. These will help 

learners to understand that although the term mass is used in the expression of mass 

number it is not based on gram scale, but atomic mass unit scale.   

Relative atomic mass is another mass quantity based on atomic mass unit and links the 

atomic theory to the mole concept through molar mass (Fang et al., 2014). The results 

show that 47.0% of the learners struggled to define relative atomic mass and gave a 

variety of wrong description of the concept. The findings show that the following were 

the common wrong versions of the definition of the concept given by learners:  

i. The total number of protons and electrons but different number of neutrons. 
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ii. The total number of protons and neutrons in an atom. 

iii. This is the number found on top of an element on the periodic table of 

elements. 

iv. It is the mass of a substance compared to the carbon-12. 

The definitions indicated that some learners mistook relative atomic mass to mean 

mass number and isotopes.  The focus group discussions revealed that learners 

including the 46.2%, who managed to recall the definition of relative atomic mass, did 

not actually understand the meaning of the concept. They did not understand that 

relative atomic mass is the weighted average of the mass numbers of isotopes taking 

into account their percentage abundance. The average mass represents the mass of an 

atom of an element and it is the one that is compared to one twelfth the mass of the 

common abundance isotope carbon -12.  The one twelfth of the mass carbon -12 atom 

is the atomic mass unit.  Learners erroneously associated relative atomic mass to actual 

mass of atoms in grams and to molar mass. These misconceptions were evident when 

learners were asked to find the mass of one oxygen atom. The findings showed that 

the majority (84.1%) of the learners’ responded that the mass of one oxygen atom was 

16.00 g.  Atoms are at the microscopic level and their masses are at nano level and 

cannot weigh that much. The association of relative atomic mass to mass and molar 

mass is a serious limitation in understanding of the meaning of relative atomic mass 

and how it links to molar mass. These misconceptions hindered learners’ 

understanding of the meaning of molar mass, which is one of the bridging concepts in 

understanding the mole concept.  

Using Pekdag and Azizoglu (2013) model 2, learners should be made to understand 

that the molar mass of a substance represents the mass in grams of    

particles, not one particle, element or compound. The above misconceptions indicate 

that learners were meant to recite definitions without understanding the meaning of 

the concepts.  That was why they could not realise that in reality an atom of an element 

cannot have a mass in grams equivalent to its relative atomic mass.  

236.02 10
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 The above misconceptions in the understanding of the linking concepts were due to 

the teachers’ failure to clarify the difference between relative atomic mass and molar 

mass. It is not simply enough to tell learners that the difference between these two 

concepts is that relative atomic mass has no units while molar mass has units, but the 

two are numerically equal. This is how teachers and text books present the difference 

and the link between these two mass quantities. Learners should be made to 

understand, as discussed earlier, that the two concepts are totally different, relative 

atomic mass is the convenient way of presenting or dealing with masses of individual 

microscopic particles and is based on atomic mass unit scale.  While molar mass is the 

mass in grams of particles of a substance. Molar mass is linked to the 

standard pack based on 12 grams of carbon-12 isotope. Hence the two are linked 

through carbon -12 is used as a standard for measuring of the amount of substance.  

Thus inadequate understanding of linking concepts presents learners with learning 

difficulties of the mole concepts. It accounted for most of the learners’ misconceptions 

and wrong association of quantities with macro and microscopic knowledge levels. 

That’s why learners viewed the microscopic particles as tiny pieces of the macroscopic 

knowledge (elements and compounds) and attributed properties, like mass in grams, 

belonging to macroscopic level to an atom, molecule and formula unit. Because of 

these misconceptions, learning of these concepts is detached from the reality. Take for 

instance how can one atom of oxygen atom weigh 16.00 g? It means that one oxygen 

molecule will weigh 32 g. This is not possible; how can our lungs hold the masses of 

such particles?  How can a microscopic particle that cannot be seen weigh that much? 

This negatively affects learners understanding of concepts. They failed even to 

comprehend the significance of the concepts in chemistry, hence they remotely learned 

the concepts in order to pass the examinations. 

On the positive note the findings showed that learners performed so well on the 

calculation of relative molecular mass of a compound.  The majority (81.7%) of the 

learners managed to calculate the relative molecular mass of calcium hydroxide 

(Ca(OH)2).  They were able to find the sum of all relatives atomic masses of atoms of 

elements present in the formula unit. The responses indicated that learners applied the 

236.02 10
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mathematical operation involved in calculation of the relative molecular mass 

appropriately because they understood how to determine the quantity. This result may 

dismiss the findings in other studies and assumptions made by teachers that 

mathematics is one of the challenges learners face in understanding the mole concept.  

The challenge is that mathematical algorithmic processes are not informed by 

conceptual knowledge that arises from the understanding of chemistry concepts, laws, 

principles and theories.  

The other underlying concept that links the volume of gases to the mole concept is 

molar volume. The results indicated that 44.3% of the learners gave a wrong 

definitions of molar volume while the 21.9% of the learners did not even attempt to 

define the concept. This indicated that 66.2% of the learners did not understand the 

concept. Learners tried to recall the text book definition but forgot key words, and 

ended up with wrong definitions. The findings also revealed that although some 

(33.9%) of the learners defined molar volume correctly as the volume occupied by one 

mole of any gas at room temperature and pressure (r.t.p) or at standard temperature 

and pressure (s.t.p), they didn’t know the readings of the temperature and pressure at 

those two conditions. They did not understand that only the standard park, one mole 

of a gas, at r.t.p and s.t.p occupied 24 dm3 and 22.4dm3 respectively. And that those 

volumes of any gas contain 236.02 10  molecules. These conceptual limitations arose 

from the way teachers presented the concept. They didn’t go in detail to explain the 

conditions at which molar volumes are measured. That is explicitly stating the exact 

temperatures and pressure at those two conditions and emphasising that only one mole 

of any gas that occupies 24 dm3 and 22.4dm3 at r.t.p and s.t.p respectively.  And 

explain  that these molar  volumes  of any gas contains molecules.  

6.4.2 Understanding the meaning of the SI definition of the mole concept 

The findings indicated that learners did not have the conceptual understanding of the 

meaning of the mole concept.  How the number of particles are linked to the standard 

pack of 12.00 g of carbon -12, the meaning of the amount of substance as a quantity 

and its relationships with the number of particles, mass and volume. The findings 

suggest that difficulties in understanding the meaning of the mole concept stemmed 

236.02 10
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from the following; the SI definition of the mole concept itself, the nature of the mole 

concept knowledge and how teachers and text books presented the concept. 

The SI definition of the mole includes numerous concepts at different knowledge 

levels; it talks about the amount of substance, number of particles, the mass (12.00 g), 

and the mass number of the common isotope of C-12. According to Pekdag and 

Azizoglu (2013) such a definition with numerous concepts at different knowledge 

levels, may adversely affect learners’ conceptual understanding of the meaning of any 

scientific concepts.  A definition is supposed to be precise and concise so that it 

communities one idea.  All the terms and concepts used in the SI definition describe 

the unit, the mole, but not the quantity, amount of substance. This may explain why 

leaners did not understand the meaning of the amount of substance and as quantity. 

According to them, just like teachers, the mole is a quantity and the unit is the mol, 

and they associated amount of substance to mass. 

The definition does not explicitly define the term amount of substance, but defines the 

mole, “the mole is an amount of substance that contains…’’ not the other way round, 

the amount of substance is…’’ And it does not straight away state the number of 

elementary particles that are present in one mole, the standard pack (12.00 g of carbon 

-12) but makes reference to carbon; “…that contains as many elementally particles as 

they are in exactly 12.00 g of carbon-12 isotope” This is why Fang et al. (2014) 

observed that the SI definition is not the most effective or appropriate instructional 

presentation of the mole concept. It is very difficult to understand the meaning of the 

amount of a substance from the SI definition of the mole concept. It is in view of the 

above that this study supports other scholars position that an alternative and an 

appropriate term should be used to replace the term amount of substance as a quantity 

(Furio et al., 2002; Padilla and Furio 2007; Fang et al., 2014). Otherwise way the term 

‘amount of substance’ has been used in the SI definition may mean any amount of a 

substance which may be mass, volume or number of elementally particles. 

The mole concept is abstract in nature, it has multiple meanings and associations with 

concepts and quantities at macroscopic and symbolic level. Thus the failure by 
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teachers to use conceptual strategies was one of the underlying sources learning 

difficulties. The concept is taught theoretically using algorithmic approaches focusing 

on calculations at the expense of chemical meaning and significance of the mole 

concept in chemistry. Learners are not given opportunities to experience and 

manipulate the macroscopic and symbolic concepts and form appropriate associations 

with microscopic knowledge levels that are used in turn to describe and explain the 

macroscopic knowledge levels.   

6.4.3 Learners understanding of the application of the mole concept 

The mole concept is used at ordinary level to express the empirical formulae, 

concentrations of aqueous solutions, and in calculation of quantities of substance 

taking part in chemical reactions.   

The findings indicated that learners struggled to determine the empirical formula, only 

16.7% managed to calculate the empirical formula following all the stages involved. 

The discussions revealed that even though this number of learners managed to 

calculate the empirical formula, they only mastered the steps involved in the 

determination of the empirical formula. They did not understand the meaning of those 

steps. Hence they did not understand the meaning of the empirical formula.  Their 

conceptual limitations of the concept mirrored the ones faced by their teachers. 

Learners did not understand the meaning and the significance of percentage 

composition by mass in chemistry. The underlying source of this limitation can be 

attributed to the way text books and teachers presented empirical formula. The 

percentage composition by mass was never discussed prior to the introduction of the 

empirical formula.  Text books and teachers take it for granted that learners understand 

percentages. There is need to discuss percentage composition by mass, its meaning 

and significance within the context of composition by mass of compounds. Teachers 

should explain to learners that the mass percentages of all the elements present in a 

compound add up to 100%. Meaning if we take 100 grams of any compound the 

masses of elements present should add up to 100 grams meaning their mass 

percentages are equal to their masses. This will help learners to understand why 
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percentages are used as masses when determining the empirical formula.  The masses 

of elements are then divided by molar mass, not by relative atomic/ molecular mass as 

it was presented by the teachers and text books. This step determines the actual number 

of moles of the atoms of each element present in a compound. However, learners did 

not understand the meaning of this step. Consequently, they failed to understand that 

empirical formula represents the simplest mole ratio of elements present in a 

compound.   

If learners understand that empirical formula gives the simplest mole ratios of 

elements in a compound, it will equip them with a conceptual tool to understand the 

meaning and significance of empirical formula in chemistry. Take for instance MgCl2 

is the empirical formula for magnesium chloride.  It means that leaners will be able to 

understand that the mole ratio between Mg to Cl is 1:2, and the mole ratios of a 

compound (MgCl2) to Mg and Cl are 1:1 and 1:2 respectively. Meaning that for every 

1 mole of MgCl2 there is 1 moles of Mg and 2 moles of Cl. With this understanding 

learners will be able to determine the actual number of moles, mass and atoms of Mg 

and Cl present in any given mass of MgCl2. This understanding of the empirical 

formula in terms of mole ratios may enable learners to go beyond mere calculations 

of the empirical formula to the appreciation of its meaning and significance in 

chemistry. 

Another concept that requires the application of the mole concept is concentration. 

The results indicated the majority (55.0%) of the learners failed to express the 

concentration of the solution that could be made by dissolving 10 g of sodium chloride 

(NaCl) into 50 cm3 of water. The focused group discussions further revealed that even 

those who managed to express the concentration of the solution didn’t have a 

conceptual understanding of what happens when an ionic compound is dissolved in 

water to form an aqueous solution. As result they did not understand the meaning of 

an aqueous solution.  They did not understand that when a compound dissociates or 

ionises into ions and the concentration of these particles in the solution is best 

expressed by finding out the moles of a solute per decimetre cubed (mol/dm3) of the 

solution.  The expression of the aqueous solution in mol/dm3 is what directly links the 
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concentration of the ions of a solute in a solution not mass. The learners’ responses 

showed that they failed to reason in terms of moles when expressing the concertation 

of the solutions. This challenge was perpetuated by teachers who in their presentations 

of the concept did not exhibit an understanding that moles per decimetre cubed 

(mol/dm3) is the correct and appropriate quantity for the expression of concentrations 

of aqueous solutions.    

 Further, learners were not accorded with opportunities to practically make simple 

solutions and determine their concentrations; instead the concept was theoretically 

taught. Learners were drilled to master the definitions and the formula for the 

calculation of concentrations. Hence learners failed to have a conceptual 

understanding of the concept. The above identified conceptual and pedagogical 

limitations may be the reasons why candidates at grade 12 examination perform poorly 

in chemistry 5070 practical examinations.  

Chemical reactions take place at the microscopic level, thus understanding the mole 

concept forms the core of the calculations of reacting substances. Learners should 

possess the following conceptual tools to be able to calculate the quantities of reacting 

substances; representation of a chemical reaction using a balanced chemical equation, 

conceptual understanding of the interpretation of a chemical equation in terms of 

moles, understanding of the meanings and associations of the amount of substances 

with other quantities, and an understanding of limiting and excess reactants.   

The findings indicated that 65.7% learners completely failed to write the chemical 

equation of the reaction between calcium carbonate and dilute hydrochloric acid.  

Learners could not even write the correct formulae for these two reactants. This 

indicated that learners lacked the language of chemistry. The inability by learners to 

represent chemical reactions using a chemical equation at this level stemmed from the 

way the topics are sequenced in schemes of work and how chemical equations are 

taught. The chemical equations were taught way back in Grade 10 and by the time 

learners needed to use them in stoichiometry in Grade 11 they might have forgotten. 

This points to weak teachers’ curriculum saliency knowledge domain.  The language 
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of chemistry is critical in writing chemical formula, predicting the products and 

writing of balanced chemical equations. Teachers did not give learners practical 

opportunities for learners to observe various chemical reactions and represent them 

using balanced chemical equations. The inability by learners to represent chemical 

reaction using chemical equations limited them to use and apply mole concept in the 

calculation of quantities of substance involved in a reaction. It also hindered them 

from forming appropriate associations among microscopic, macroscopic and symbolic 

knowledge levels.   

The above limitations were evident when learners were asked to find the volume of 

carbon dioxide that was produced in the reaction between calcium carbonate and dilute 

hydrochloric acid, represented by a balanced chemical equation 6.4. 

3 2 2 2CaCO (s) + 2HCl(aq)  CaCl (aq) + H O(l) + CO (g)               (6.4) 

The results showed that 76.9% failed to calculate the volume of carbon dioxide given 

out in this reaction. The limiting and excess reactants were known in this reaction. 

Apart from the failure by the learners to write a balanced chemical equation, learners 

did not adequately understand the importance and the meaning of a balanced chemical 

equation; the qualitative and quantitative information it represents about a chemical 

reaction. This was because teachers and textbooks simplified the reason why we 

balanced chemical equations.  It is not just about having the same number of atoms of 

elements before and after the reaction, but also to show the mole ratios in which 

reactants reacted and in which products where produced in relation to each reactant. 

Their inability to understand these coupled with their lack of understanding of the 

meaning embedded in the conceptual network of the mole concept, made their 

understanding of stoichiometry extremely difficult. 

Teachers should present stoichiometry problems within the context of hands-on 

activities were leaners will be given opportunities to do the following; measure 

quantities of the reactants, find the moles in those quantities, write the chemical 

formulae for the reactants, perform the reaction, identify the products, write the 

balanced chemical reaction, and finally use the equation to calculate the amount of the 
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products produced theoretically.  Thereafter, allow them to practically measure the 

products of a reaction. This means that learners will be doing chemistry as opposed to 

talk about it.  This approach will provide learner with a platform for them to form 

meaningful associations among micro, macro and symbolic knowledge level. This is 

fundamental for the conceptual understanding of the mole concept, even if learners 

may be good in mathematics they are bound to face challenges in stoichiometry 

without forming meaningful associations among concepts and ideas at different 

knowledge levels. 

The application of formulae without having a conceptual understanding of how the 

variables in those formulae mean deprives the learners of the conceptual tools that are 

critical in calculations of volumes, concentrations, moles and mass of reacting 

substances.  This coupled with conceptual and presentation limitations may explain 

why the majority of grade 12 candidates reported by Examination Council of Zambia 

(ECZ) fail to use the data obtained in the volumetric analysis table to calculate 

concentrations, moles and mass of the substances involved in the reaction during grade 

12 final practical examinations.  

Practical activities also provide learners with an opportunity to have a conceptual 

understanding of the meaning of the following concepts; limiting and excess reactant, 

theoretical and actual yield, and the percentage yield. The findings show that only 

2.0% of the learners managed to determine the limiting and excess reactant when 80 

g of copper was reactant with 30 g of sulphur in reaction represented by chemical 

equation 6.5. 

                       
22Cu(s) + S(s)    Cu S(s)                                                       (6.5) 

While 66.1% completely failed to determine the limiting and excess reactants because 

they could not reason in moles. The 31.9% of the learners who manage to find the 

moles of reactants (Cu = 1.25 mol and S= 0.94 mol) available, indicated that sulphur 

(S) was a limiting reactant. Their understanding of a limiting reactant was based on 

the common sense notion which was exhibited by teachers.  They understood that a 

reactant with fewer numbers of moles will be consumed first and hence limiting the 
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amount of the products produced. Hence identified sulphur with fewer number of 

moles as the limiting reactant of the reaction. This misconception was propagated by 

the way some chemistry text books and teachers presented the concept. Teachers 

presented these concepts theoretically and lacked the conceptual understanding of the 

concepts, others even avoided teaching the concepts, as evident in the captured 

teachers mole concept CoRes (Appendix 2). Some teachers indicated that they skipped 

the concept.  Teachers and textbooks failed to explain that the mole ratio in a balanced 

chemical equation determines and indicates how the reactants were consumed and how 

much products were produced from each reactant. Thus the reactant that produces the 

least number of moles of the product being sought is a limiting reactant.  This is 

because those are the maximum number of moles that could be produced from the 

available moles of the reactant. When those number of moles are produced the limiting 

reactant will be completely consumed and the reaction will stop.  

Teachers should be creative in the presentation of these concepts, they should make 

use of analogy and hands on activities as windows for learners to understand limiting 

and excess, actual yield and the meaning of percentage yield. The findings showed 

that 96.1% of the learners did not understand the meaning of the percentage yield. The 

concept of percentage yield can be understood by learners if they are involved in the 

hands-on activities.  Through observations, measuring and other scientific skills 

learners will be able to understand why a percentage yield is never 100%. They will 

be able to identify by themselves what affect the actual yield of a chemical reaction. 

In short presenting the application of the mole concept in chemistry theoretically using 

methods that focuses on algorithmic mathematical operations, it is the one of the 

underlying source of learning difficulties. It is also an indication of chemistry teachers’ 

weak mole concept PCK. 

The above discussions of findings suggest that learners face a lot of difficulties in 

understanding the mole concept. It is not that the mole concept is a difficult topic or 

learners don’t have adequate mathematical background, but the learning difficulties 

stem from teachers’ weak CK and mole concept PCK.   
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6.5 The way forward 

This section of the discussion of findings gives the highlights of the main findings of 

the study and presents the proposed model of the mole concept Content 

Representations framework. The study considered the proposed framework as the way 

forward to enhance both teachers’ CK and mole concept PCK.  It addresses most of 

the conceptual limitations and didactical difficulties reported in literature and which 

teachers faced in the teaching of the mole concepts as a topic. 

6.5.1 The main findings of the study 

The discussion of findings revealed that teachers’ mole concept CK was weak. The 

weak content knowledge was attributed to the following conceptual limitations.  

i. Lack of knowledge of the origin and evolution of the mole concept. 

ii. Inadequate understanding of the meaning of the following linking ideas; mass 

number, relative atomic mass and molar mass. 

iii. Lack of conceptual understanding of how atomic theory links to mole concept 

through linking ideas. 

iv. Failure by the SI definition of the mole concept to communicate the meaning of 

the quantity ‘amount of substance. 

v.  Inadequate understanding of the following concepts; empirical formula, 

concentration, limiting and excess reactants.  

vi.  inadequate understanding of the multiple meanings and association embedded 

in the conceptual network of the mole concept. 

The above conceptual limitations indicated that teachers’ mole concept CK was 

inadequate, and they were identified as the underlying sources of teaching difficulties 

of the mole concept. The weak content knowledge adversely affected the development 

of the following teachers’ mole concept PCK components.   

i. Curriculum Saliency:  Teachers lacked the ability to identify ideas and concepts 

that were central to the conceptual understanding of the mole concept. This 

affected the sequence and scope of their presentations of the underlying ideas 
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and concepts under the mole concept. They did not also adequately understand 

where the mole concept topic sits in the chemistry curriculum. 

ii. Knowledge of what makes the mole concept difficult to teach: Participants did 

not exhibit the ability to identify bridging concepts, within the mole concept 

topic, that are difficult to present. They did not show that dedicated awareness 

of coming up with possible interventions for teaching those concepts. The ability 

to develop this knowledge component was obscured by their weak CK.  

iii. Knowledge of learners’ prior knowledge, misconception and learning 

difficulties: The findings indicated that teachers were not aware of learners’ 

misconceptions and learning difficulties. This was because teachers had shared 

the same misconceptions and conceptual limitations.  They could not notice that 

learners’ misconceptions emanated from their view of microscopic particles, 

atoms, ions and molecules (formula units) as tiny pieces of elements and 

compounds. Thus they attributed properties, like mass in grams, belonging to 

macroscopic level to these particles. The wrong association between 

macroscopic and microscopic level was common in the reasoning of the 

learners, indicating that this knowledge domain among teachers was weak.  

iv. Presentations and analogies: Teachers didn’t have adequate knowledge of how 

to come up with specific ways of framing different ideas to support effective 

teaching and learning. Their choice of strategies and the justifications for using 

those strategies in engaging learners to understand various ideas and concepts 

under the mole concept, indicated that this knowledge of presentations and use 

analogy and examples was limited to general pedagogy. Hence they could not 

show creativity in the way they presented concepts and ideas under the topic. 

v. Knowledge of conceptual strategies: The findings indicated that teachers failed 

to come up with conceptual strategies to engage learners in the learning process 

of various concepts.  Inability by the teachers to use conceptual strategies meant 

that they could not provide opportunities to confront learners’ confusion and 

misconceptions, and in turn engage learners in the construction of meanings 
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from experience. Further they could not use the combination of conceptual 

principles and rules of a topic as tools to confront potential confusion and 

misconception in the learning of the mole concept. 

Teachers’ weak mole concept PCK components negatively affected the teachers’ 

ability to transform the underlying concepts under the mole in a form that can be 

understood by learners. As a result, learners found it difficult to understand concepts 

and ideas under the topic.  Learning difficulties were evident by their poor 

performance during the mole concept test.  The majority (83.3%) of the learners scored 

below 35%.   The nature of their responses to the test items revealed that learners did 

not have a conceptual understanding of the mole concept topic.  Their conceptual 

challenges were a reflective of the teacher’s conceptual limitations and didactical 

challenges in teaching of the underlying ideas and concepts under the topic. Thus the 

following were identified as the underlying source of learning difficulties of the mole 

concept topic:  

i. Learners were handicapped with the language of chemistry; they found it 

difficult to write chemical formulae and chemical equations. 

ii. Learners lacked the conceptual understanding of the following linking ideas to 

the mole concept; mass number, relative atomic mass, molar mass and molar 

volume.  

iii.  Difficulties in understanding the meaning of the amount of substance as a 

quantity from the SI definition of the mole concept; they associated it to mass 

and not the number of particles. 

iv.  Lack of the conceptual understanding of the bridging concepts in the 

understanding of the meaning of empirical formula. 

v. Learners were not given opportunities through hands on activities to understand 

the formulae and expressions that represents the association of macro, symbolic 

and microscopic knowledge under the mole concepts. 

vi. Learners viewed microscopic knowledge level as tiny versions of elements and 

compounds. 
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vii. Learners were not given an opportunity to relate and experience the meaning of 

the concepts of limiting and excess reactants, theoretical and actual yield within 

the context of an actual chemical reactions. 

The above identified teaching and learning difficulties of the mole concepts 

necessitated the study to develop the mole concept Content Representations 

framework as the way forward to improve teachers’ mole concept PCK.   It was 

envisaged that the framework will improve the teaching and learning of the mole 

concept.  

6.5.2 Mole concept Content Representations Framework 

Teachers’ PCK has been cited as a predictor of learners’ performance (Baumert et al. 

2010). It is clear from the conceptual and the theoretical frameworks that if we are to 

enhance learners understanding of the mole concept and consequently improve their 

performance, there is need to enhance the teachers’ key topic knowledge components. 

According to the conceptual framework of this study PCK is located in mole concept 

CK. Thus the enhancement of teachers’ mole concept CK is a prerequisite for the 

development of PCK. The sound mole concept PCK equips the teachers with 

didactical tools to transform the content in the form that could be easily understood by 

learners. It was from this perspective that the study proposed the model of mole 

concept CoRes framework to enhance both CK and mole concept PCK. 

The study used the modified CoRes framework developed by Mulhall et al. (2003) for 

presenting science teachers’ topic PCK. The Framework was used as an assessment 

tool as well as presenting a model of the mole concept CoRes framework to enhance 

the teaching and learning of the topic.   The development of the CoRes was informed 

by the reviewed studies, the discussion of findings, textbooks and experience of the 

researcher as a science educator.   

Literature provided the knowledge of the origin and evolution of the mole concept 

which is fundamental for teachers and learners understanding of the topic (Furio at el., 

2000; Padilla and Furio, 2007; Pekdag and Azizoglu, 2013).   The teaching models 

developed by Pakdag and Azizoglu (2013) were key in presenting the correct 
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expressions of ideas in terms of the associations among the macro, micro and symbolic 

knowledge levels within the undelaying ideas under the mole concept.  The models 

helped to correct some of the observed misconceptions and didactic challenges that 

were inherent in the teachers understanding and presentation of ideas and concepts 

under the topic.  The modified concept map by Fang et al., (2014) was used as a 

framework to explain the multiple meanings embedded in the conceptual network of 

the mole concept.  The PCK probes guided the study in addressing the identified 

conceptual limitations and pedagogical challenges so as to present what the study 

considered as appropriate knowledge components to enhance teachers’ mole concept 

CK and PCK.  It is envisaged that the enhancement of teachers PCK will improve 

learners understanding of the mole concept. 

The model was developed by integrating the probes in Mulhall et al. (2003) 

framework, mole concept content knowledge and knowledge components in 

Mavhunga and Rollnick (2013) model of Topic Specific Pedagogical Content 

Knowledge. 
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Figure 6.1: The Mole Concept Content Representations model 

 

The model shows how the integrated from the probes in the CoRes framework, mole 

concept Content Knowledge and the knowledge components of the mole concept PCK 

link together in the conceptual presentation of the topic for learners understanding.  

The framework has three steps or phases that show how the model of mole concept 

CoRes may enhance teachers’ mole concept CK and their ability to transform content 

for learners understanding of the topic. The three steps are; reflection, development 

and transformation. 

Reflection: At this stage the PCK probes or questions about underlying ideas and 

concepts (mole concept CK) triggers the interaction and reflection among the 

Pedagogical Content Knowledge 

Probes 

 
1.  What do you intend the learners to 

learn about this idea/concept? 

2.  Why is it important for learners to 

know this? 

3.   What else you might know about 

this idea that you don't intend 

learners to know yet? 

4. What difficulties and limitations are 

connected with the teaching of this 

idea?  

5. What do you know about your 

learners thinking that influence your 

teaching of this idea? 

6. What do know about learners’ 

difficulties in learning this idea? 

7.  What other factors influence your 

teaching of this idea? 

8. What teaching strategies do you use 

to teach this concept? 

9. Why do you use these strategies to 

engage learners with the idea? 

 

Knowledge components of mole 

concept PCK 

 Curriculum saliency 

 What makes the topic difficult or 

easy to understand 

 Learners ‘prior knowledge, 

misconception and learning 

difficulties, 

 Presentations and analogies, and 

 Conceptual strategies. 

 

 

Mole concept Content Knowledge 
 

 

 Relative atomic / molecular mass 

 Meaning of the SI definition of the 

mole 

 Linking relative atomic/ molecular 

mass 

 Empirical and molecular formulae 

 Expressions of the molar 

concentrations of solutions 

 Calculation of reacting quantities in 

chemical reactions 

 

 

Learners conceptual 

understanding of the mole 

concept 

Development 

Reflection 

Transformation 
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following teachers’ knowledge bases; content, pedagogy and the context.  At the same 

time answering PCK probes directs the teachers’ attention to focus on enhancing 

learners’ understanding of the ideas and concepts. 

 Development: This stage could be considered to a higher phase than the reflection 

level in the content representation process. At this stage the teacher has answered the 

nine PCK questions after the reflection process. Then the teacher goes further to 

develop the knowledge components, called the TSPCK, that are key for the 

transformation of the underlying concepts and ideas under the mole concept.   

Transformation: At this stage the teacher uses the five knowledge components of 

topic PCK to transform the mole concept CK in the form that can be easily understood 

by learners.  The teacher uses conceptual strategies that focus on different types of 

potential misconceptions and difficulties, already discussed in this study, that learners 

experience in understanding of ideas and concepts under the mole concept. He uses 

the conceptual strategies for learners understanding of the topic. 

The study answered the nine PCK questions in the above model on each underlying 

idea under the mole concept and presented a detailed mole concept CoRes framework 

as Appendix 3. The proposed mole CoRes framework has embedded features that 

simultaneously deals with mole concept CK and PCK in the presentation of each 

underlying concepts and ideas under the topic. The framework answers the PCK 

probes or questions that address most of the conceptual limitations and presentation 

challenges identified in literature and in this study. The mole concept CoRes guides 

the teachers on the aspects of conceptual understanding and presentation of each 

underlying idea under the topic. 

The framework does not treat the content, pedagogy and knowledge of the context of 

teaching and learning of ideas separately. But looks at these knowledge components 

under the mole concept holistically. According to the theoretical framework of the 

study, effective teaching of any idea involves the unique and complex interaction of 

the above knowledge bases which enables the teachers to transform the content 

knowledge they possess into the form that can be easily understood by a learner 

(Schulman, 1987). It is for this reason that the proposed framework may be a powerful 
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tool to guide teachers in the teaching of the mole concepts. The development of this 

mole concept CoRes framework takes the study of the mole concept to another level, 

from merely finding teaching and learning difficulties of the topic, to development of 

a model to improve the teaching and learning of the topic. Meaning this CoRes will 

span other studies that may assess the effectiveness and weakness of the proposed 

framework. 
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CHAPTER SEVEN 

CONCLUSION AND RECOMMENDATIONS 

7.1 Overview 

This section wraps up the study by reflecting on the methodology and the findings 

within the conceptual framework of the study. It also presents the recommendation for 

teacher educators, secondary school teachers and future research.  

7.2 Conclusion 

The study assessed the chemistry teachers’ mole concept PCK and learners 

understanding of the topic. It used embedded mixed method research design 

underpinned by pragmatic philosophical position. The use of multiple methods 

provided the study with an opportunity to have an in depth understanding of various 

components of the study as captured by the conceptual framework of the study. The 

conceptual framework showed that TSPCK is rooted in the topic CK. The mole CK in 

this study constituted the following; the knowledge of the origin and evolution of the 

mole concept, conceptual understanding of the linking ideas and the SI definition of 

the mole concept, and the application of the concept in the description of concentration 

and empirical formula, and in stoichiometry. Teachers conceptual understanding of 

these aspects of the content largely affected the five knowledge components mole 

concept PCK namely; curriculum salience, what makes the mole concepts difficulty 

or easy to understand; learners’ prior knowledge, misconceptions and learning 

difficulties; knowledge of presentations and analogies, and conceptual strategies.  

These knowledge components equip the teacher with the ability to transform the 

content knowledge into the form that could be understood by learners. The use of 

multiple data collection instruments provided the study with an opportunity to assess 

and capture mole concept PCK both in theory and practice.  

The findings of the study showed that teachers mole concept content knowledge was 

weak. Their understanding of the concepts and ideas within the concept map for 

conceptual understanding of the mole concept was inadequate. They did not 
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adequately understand the link between atomic molecular theory and the mole concept 

through the linking ideas. The results showed that teachers understood the link through 

the number of atoms or molecules. Nevertheless, they did not exhibit the conceptual 

understanding of the meaning of relative atomic mass /molecular mass and how it links 

the atomic molecular theory and the mole concept through molar mass. Their 

understanding of the multiple meaning embedded in the conceptual network of the 

mole concept and the associations of the amount of substances(n) with number of 

particles, mass and volume was limited to text definitions and mathematical 

expressions of the associations.  These conceptual limitations negatively affected 

teachers’ mole concept content representations.  

The study concluded that teaching difficulties and challenges participants faced 

stemmed from their weak content knowledge. Inadequate understanding of the 

underlying concepts and ideas under the mole concept hindered their development of 

adequate mole concept PCK knowledge components that are key in the presentation 

of the topic. Thus teachers weak content knowledge reduced the teachers’ capacity to 

transform the content into forms that are pedagogically powerful and yet adaptive to 

the variations in ability and background presented by the learners. Subsequently 

learners faced a lot of difficulties in understanding the concepts under the mole 

concept topic.  Learners’ understanding, misconceptions and learning difficulties of 

ideas under the mole concept topic was a reflection of the conceptual and presentation 

challenges faced by the teachers.   Thus it can be concluded that teachers’ weak mole 

concept PCK was largely the underlying source of teaching and learning difficulties 

of the mole concept. The study refuted the notion that has been purported by the 

teachers and other studies that learners weak mathematical background as one of the 

major source of learning difficulties of the mole concept. The problem was that 

teachers focused on mathematical algorithm approaches which focused more on the 

mastering of the definitions, formula and expression than the conceptual 

understanding of the concepts and ideas. As a result learners faced difficulties to apply 

mathematics operations and principles to solve stoichiometry problems which they did 

not understand. 



 

210 
 

It is against this backdrop that the study proposed the mole concept Content 

Representations (CoRes) to enhance teachers CK and mole concept PCK as a way of 

improving learners understanding of the mole concept. Topic specific CoRes 

frameworks have been proved to enhance the teachers' PCK and to promote effective 

learning of topics in areas where they have been developed (Mulhall, Berry & 

Loughran 2003). The proposed mole concept CoRes framework provides a holistic 

approach to the enhancement of both teachers’ CK and mole concept PCK. It blends 

content and pedagogy.  Hence it provides a mechanism for the enhancement of both 

teachers’ understanding and knowledge of conceptual strategies. Consequently, it has 

the potential to promote learners understanding of underlying concepts and ideas 

under the mole concept topic.  

 

The study took the research on mole concept as a topic to the next level by proposing 

the CoRes framework for teaching the underlying ideas under the topic. Unlike most 

of the studies, it went beyond merely the identification of the conceptual limitations 

and didactic challenges faced by the teachers, to developing the topic CoRes 

framework. The framework unpacks the meaning of most the ideas under the topic to 

enrich teachers understanding of the ideas. At the same time, it provides teachers with 

insights of the mole concept PCK knowledge components so as to enhance their 

capacity to transform content in the form that could be understood by learners.  

7.3 Recommendations 

The findings brought out issues that may boarder on chemistry education programmes 

in teacher training and chemistry teachers curriculum decisions as they teach the mole 

concept. Other issues may boarder on the gaps and weakness of the findings of the 

study that may be subject for future research. This is because good studies should open 

more door for furthers studies for the advancement of knowledge and improved 

practice in education.   

7.3.1 Chemistry Education Programmes 

 The finding indicated that some of the conceptual limitations and didactic 

challenges teachers faced in the teaching of the mole concept could be traced back 
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from chemistry education programmes in colleges and universities. That is the 

design of the programmes and how teacher educators teach the mole concept in 

universities and colleges. The study recommends that: 

1. Chemistry education programme should cover and integrate and blend content, 

pedagogy, and knowledge of other factors that influence the teaching of mole 

concept in secondary schools. This might lay a very strong foundation for the 

development of the topic PCK. 

2.  Teaching of the mole concept in colleges and universities should cover the 

history and evolution of the concept for teachers to understand the meaning and 

significance of the concept in chemistry. 

3. Student teachers should be trained on how to teach mole concept and its 

application in chemistry from a practical perspective. They should be engaged 

in hands- activities that will help them to have a conceptual understanding of the 

underlying concepts under the mole concept within the context of Ordinary 

Level Chemistry. Usually the focus in universities and colleges is on passing of 

the courses but not conceptual understanding of course content. 

7.2.2 Chemistry Teachers 

In order for the chemistry teachers to teach the mole concept effectively the study 

recommended that: 

1. Teachers should prepare the schemes of work in such a way that the mole 

concept is taught immediately after the atomic theory, the periodic table and the 

language of chemistry. This will facilitate learners understanding of the link 

between atomic theory and the mole concept topic in chemistry, and appreciate 

the significance of the mole concept in chemistry.  

2. Learners should be engaged in hands on activities when learning the underlying 

concepts under the mole concept. Hands – on activities acts as a window that 

provides learners with an opportunity to understand the associations among 
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macro, micro and symbolic concepts within the multiple meanings embedded in 

the conceptual network of the mole concept. 

3.  Teachers should be using the symbols appropriately to represent the following 

quantities to avoid confusions; relative atomic mass (Ar), relatives molecular 

mass (Mr), molar mass (Mm), molar volume (Mv) and molarity (M).  

 

4. Teachers should start using standard periodic tables that shows relative atomic 

masses in decimal points. This will enable learners to understand that relative 

atomic masses are averages of the masses of isotopes of elements compared to 

one twelfth the mass of carbon-12 isotope. And not the mass numbers of atoms 

of elements.   

5. The study recommends that mass number (atomic mass), relative atomic mass 

and the mole concept SI definition be expressed as follows: 

i. Mass number (atomic mass); total number of protons and neutron in the 

nuclear of an isotope of element (not an atom to create the distinction 

between mass number and relative atomic mass, isotopes of an element 

has different mass numbers) 

ii. Relative atomic mass; is the average atomic masses of isotopes of an 

element compared to one-twelfth the mass carbon- 12 isotope. 

iii.  chemical amount; is the amount of any substance that contains  

elementally particles (atoms, molecules, ions, electrons, neutrons and 

protons) as there are atoms in 12.00 g of carbon 12 isotope.  The unit for 

the quantity chemical amount is the mole (mol) a standard pack based on 

12.00 g of C-12, hence one mole has  elementary particles. This 

definition defines the quantity, chemical amount and explains the mole as 

a unit. The amount of any substance in the definition refers to mass, 

volume or elementary particles. 

 

236.02 10

236.02 10
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7.3.3 Future research 

Every study raises fundamental questions about the gaps in the methodology and 

knowledge generated. The study developed the CoRes framework for teaching of the 

mole concept. The proposed CoRes framework answered the PCK probes as way of 

addressing of the fundamental gaps in teachers’ mole concept CK and PCK reported 

in literature and identified in this study. Thus the framework provides proposals for 

effective teaching and learning of the mole concept.  The study recommends that 

further research be done to assess the effectiveness of the proposed framework and the 

recommendations for the advancement of knowledge and enhancement of teaching 

and learning of the mole concept topic.  
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APPENDICES 

APPENDIX 1: Data collection instruments 

   

A. CHEMISTRY TEACHERS' QUESTIONAIRE 

The purpose of this study is to share your experiences in the teaching of the mole 

concept, so that together as chemistry educators could come up with the framework 

that will present appropriate pedagogical content Knowledge to improve teaching and 

learning of the concept.  Thus you are advised to be as honest as possible as your 

responses will help to improve our understanding of the mole concept in a way that 

may help us to teach it in a manner that promote understanding. 

 Please do not write your names anywhere on this questionnaire as all your responses 

are confidential.  

Thank you very much for taking part in these exercises 

                                                                              Respondent's Number  

 

PART I 

Indicate your appropriate response by ticking (√) and filling in the spaces provided 

1.   Gender   

a. Male 

b. Female 

              

 2.     Qualification                                                                                                  

a) Certificate 

b) Diploma 

c) Advanced Diploma 

d) Bachelor’s Degree 

e) Masters 
 

Specify teaching major (major & minor).................................................................... 

Specify the awarding institution................................................................................. 

 

3.  Work experience  

a) 0 – 5 years 

b) 6 - 10 years 

c) 11- 15 years 

d) 16 – 20 years 

e) 20 years and above 
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PART II 

INSTRUCTIONS 

Please indicate your responses by ticking (√) and writing in the spaces provided 

1. Did you learn the mole concept during your teacher education programme? 

              Yes                        No 

(a) If your response to question 1 is YES, did you learn about the origin and 

evolution of the mole concept? 

                   Yes                         No      

(b) If your response to question 1(a) is NO, do you think it has got any bearing on       

                              how you understand the mole concept? 

 

                    Yes                        No      

   (c) If your response to question 1(b) is YES, specify how it affects your     

         understanding of the concept. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

 

2. Do you understand the significance of the mole concept in chemistry? 

                     Yes                         No     

(a) If your response to question 2 is YES, explain the significance of the mole 

concept in chemistry? 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

.............................................................................................................................. 

 (b) If your response to question 2 (a) is NO, has it affected your understanding 

and the way you teach the mole concept? 

                         Yes                          No 

____________________________________________________________________ 
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PART III 

INSTRUCTIONS 

Please indicate your responses by ticking (√) and writing in the spaces provided 

1.  Do you understand the atomic -molecular theory? 

       Yes                                   No 

(a) If your response to question 1 is YES, explain the atomic - molecular theory. 

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................................................................................... 

(b) If your response to question 1 is NO explain where the difficulty is in   

        understanding the theory. 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

................................................................................................................................. 

2. Do you understand the meaning of the relative atomic and molecular mass? 

            Yes                     No 

(a) If  your response to question 2 is YES, explain the meaning of the relative     

atomic and molecular mass. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

(b) If your response to question 2 is NO, explain where the difficulty is in 

understanding these two concepts. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 
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3. How do atoms and molecules link to the mole (amount of substance)?  

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................................................................................... 

4. How does the relative atomic or molecular mass link to the molar mass? 

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................................................................................... 

5. Explain how the molar mass is used to find the mass of one atom or molecule of 

substances. 

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................................................................................... 

 

 

___________________________________________________________________ 
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PART IV 

 INSTRUCTIONS 

Please indicate your responses by ticking (√) and writing in the spaces provided 

1.  Below is the current SI definition of the mole 

       "A mole is an amount of substance of any substances which contains as many    

elementary entities as there are carbon atoms in 0.012kg of C-12 isotope." 

(a) Do you understand the meaning of this definition? 

                        Yes                          No 

  (i)  If your response to question 1(a) is YES, explain what it means in your own 

words. 

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................................................................................... 

(ii) If your response to question 1(a) is NO, give reasons as to why? 

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................................................................................... 

2.   From your own experience do you think the SI definition of the mole on its own 

leads pupils to form a meaningful conceptual understanding of the mole 

                   Yes                                    No 

(a)   If your response to question 2 is NO, give reasons as to why 

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................................................................................... 
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(b) How best could you explain the SI definition for pupils to understand the mole 

concept 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

................................................................................................................................. 

 

3.  Below are some of the relation of the concept "amount of substance"(mole) with 

other quantities 

       
 ( )

  
  ( )

mass m
n

molar mass mm
     

 ( )
  

  ( )

volume v
n

molar volume Vm
             

             ( )n volume molarity M              

       
   ( )

  
    ( )A

number of particle N
n

number particles per mole N
   

   (a) Do you understand the above relationships? 

                  Yes                        No 

   

 (b) If your response to 3(a) is YES explain the significance of these relationships in 

chemistry 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

................................................................................................................................. 

 (c) What strategy do you use to teach the above relationships? 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

................................................................................................................................. 
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(d)   What knowledge or ideas pupils need to have in order to understand the 

above relationships of (n) with other quantities? 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

4.  Do your pupils face difficulties in using the expressions in question 3 in 

calculating the masses, volumes and the number of particles of the reacting 

substances? 

               Yes                                       No   

(a)  If your response to question 4 YES, state some the difficulties your pupils 

face. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

(b) What could be the sources of the above stated difficulties 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

.............................................................................................................................. 

 

(c) How best could you help your pupils to overcome those difficulties? 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

................................................................................................................................. 

____________________________________________________________________  
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PART V  

INSTRUCTIONS 

(i) Using the scale below, please indicate by ticking how you find the teaching of 

various sub topics under the mole concept: 

     Very difficult = 1, difficult = 2, Not sure = 3, Easy = 4 and Very easy = 5. 

(ii) write the follow up responses in the spaces provided 

1. 

Sub topic Level of difficulty 

Relatives atomic and molecular masses 1 2 3 4 5 

 
(a) Outline the strategy you use to teach this sub topic. 

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................................................................................... 

 

(b) Do you face any challenges when teaching this subtopic?  

                         Yes                                           No 

(c) If your response to question 1 (b) is YES, State the challenges you face in 

teaching this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

2. 

 

 

 

 

(a) Outline the strategy you use to teach this sub topic 

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................ 

 

Sub topic Level of difficulty 

Calculation of relative formula mass of a 

compound  
1 2 3 4 5 
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(b) Do you face any challenges when teaching this subtopic?  

                  Yes                                     No 

 (c) If your response to question 2 (b) is YES, State the challenges you face in 

teaching this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

3. 

Sub topic Level of difficulty 

Percentage composition and determination of 

empirical and molecular formula of compounds 
1 2 3 4 5 

 

 

(a) Outline the strategy you use to teach this sub topic 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

................................................................................................................................. 

 

(b) Do you face any challenges when teaching this subtopic?  

                             Yes                            No 

 (c) If your response to question 3 (b) is YES, State the challenges you face in 

teaching this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 
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4. 

 

 

 

(a) Outline the strategy you use to teach this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

 

(b) Do you face any challenges when teaching this subtopic?  

                        Yes                             No 

 

 (c) If your response to question 4 (b) is YES, State the challenges you face in 

teaching this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

5. 
 

 

 

(a) Outline the strategy you use to teach this sub topic 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

 

Sub topic Level of difficulty 

Calculation of numbers of  moles,  particles, and 

masses of substances using molar mass 
1 2 3 4 5 

Sub topic Level of difficulty 

Calculation of number of moles, particles  and 

volumes of any gases using molar volumes 
1 2 3 4 5 
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(b) Do you face any challenges when teaching this subtopic?  

                         Yes                               No 

 (c) If your response to question 5 (b) is YES, State the challenges you face in 

teaching this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

.................................................................................................................. 

6.  

 

 

 

 

(a) Outline the strategy you use to teach this sub topic. 

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

....... 

(b) Do you face any challenges when teaching this subtopic?  

                       Yes                                No 

 (c) If your response to question 6 (b) is YES, State the challenges you face in 

teaching this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

 

 

 

Sub topic Level of difficulty 

Description of the relationship of Avogadro's law to 

reacting moles and volumes of gases at r.t.p and s.t.p 
1 2 3 4 5 



 

232 
 

7. 

Sub topic Level of difficulty 

Determination the concentration (molarity) of 

solutions and application of law of dilution 
1 2 3 4 5 

 

(a) Outline the strategy you use to teach this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

.............................................................................................................................. 

(b) Do you face any challenges when teaching this subtopic?  

                          Yes                               No 

 (c) If your response to question 7 (b) is YES, State the challenges you face in 

teaching this sub topic. 

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................ 

8. 

 

 

(a) Outline the strategy you use to teach this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................  

(b) Do you face any challenges when teaching this subtopic?  

                          Yes                                      No 

 

 

Sub topic Level of difficulty 

Stoichiometric calculations involving reacting 

moles, masses and volumes of gases and solutions 
1 2 3 4 5 
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 (c) If your response to question 8 (b) is YES, State the challenges you face in 

teaching this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

.............................................................................................................................. 

9.   

 

 

 

 

 

 

(a) Outline the strategy you use to teach this sub topic 

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

........ 

 

(b) Do you face any challenges when teaching this subtopic?  

                             Yes                                       No 

 

 (c) If your response to question 9 (b) is YES, State the challenges you face in 

teaching this sub topic. 

............................................................................................................................

............................................................................................................................

............................................................................................................................

.......................................................................................................................... 

 

Sub topic Level of difficulty 

Determination of a limiting reactant in a given 

reaction  
1 2 3 4 5 
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10. 

 

 

 

 

(a) Outline the strategy you use to teach this sub topic. 

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................ 

 

(b) Do you face any challenges when teaching this subtopic?  

                                   Yes                          No 

 (c) If your response to question 10 (b) is YES, State the challenges you face in 

teaching this sub topic. 

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

............................................................................................................................

........................................................................................................................... 

11. 

 

 

(a) Outline the strategy you use to teach this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

 

Sub topic Level of difficulty 

Description and calculation of percentage 

yield and percentage purity of substances 
1 2 3 4 5 

Sub topic Level of difficulty 

Calculations involving different types of  

acid-base titration reactions 
1 2 3 4 5 
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(b) Do you face any challenges when teaching this subtopic?  

                      Yes                                    No 

 (c) If your response to question 11 (b) is YES, State the challenges you face in 

teaching this sub topic. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

___________________________________________________________________ 

 

  Your general comment on the teaching of the mole concept. 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

........................................................................................................ 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

 

 

 

THE END 
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B  TEACHERS' MOLE CONCEPT CONTENT REPRESENTATION (CoRe) 

 

INSTRUCTIONS 

Reflect on each of the following ideas A, B, C, D, E, F, G and H by answering the guiding questions in each row  

 

NOTE: there is no RIGHT or CORRECT response and take your time. 

 

 PART I: The CoRes for conceptual understanding of the mole concept  

PCK questions 

Underlying ideas/concepts about the mole concept 

A. Relative atomic/molecular  mass 
B. Meaning of the mole 

C. Linking relative  atomic 

mass to molar mass 
D. Molar Volume 

E. The relationship among the 

mole (n), mass (m), number of 

particles (NA) and Volume (V) 

of gases 

1.What do you intend the 

learners to learn about this 

idea/concept? 

     

2. Why is it important for 

learners  to know this? 
     

3. What else you might know 

about this idea that you don't 

intend learners to know yet? 
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4. What difficulties and 

limitations connected with 

teaching this idea? 

 

 

 

 

 

 

 

 

 

 

 

   

5. What do know about learners 

thinking that influences your 

teaching of this idea? 

 

 

 

 

 

 

 

   

6. What do know about learners 

difficulties in learning this idea? 
 

 

 

 

 

 

   

7.  What other factors that 

influence your teaching of this 

idea? 

 

 

 

 

 

 

 

   

8. What teaching strategies you 

use to teach this concept? 

 

 

 

 

 

 

 

 

   

9. Why do you use these 

strategies to engage learners 

with the idea? 
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PART II: The CoRes for Application of the mole concept  

PCK questions 
Underlying ideas/concepts about the mole concept 

F. .Empirical and molecular formulae  
G. .Expression of the concentration of the solution  

H. Calculation of reacting quantities in chemical reactions 

1.What do you intend the learners to 

learn about this idea/concept? 

 

 
  

2. Why is it important for learners  to 

know this? 

 

 

 

 

  

3. What else you might know about 

this idea that you don't intend 

learners to know yet? 

 

 

 

 

 

 

 

 

4. What difficulties and limitations 

connected with teaching this idea? 
 

 

 

 

 

 

 

 

5. What do know about learners 

thinking that influences your 

teaching of this idea? 
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Your reflection on the teaching of the mole concept 

........................................................................................................................................................................................................................

........................................................................................................................................................................................................................

........................................................................................................................................................................................................................

........................................................................................................................................................................................................................

........................................................................................................................................................................................................................ 

 

 

 

 

 

   

6. What do know about learners 

difficulties in learning this idea? 

 

 

 

 

 

  

7.  What other factors that influence 

your teaching of this idea? 

   

8. What teaching strategies you use 

to teach this concept? 
 

 

 

 

 

9. Why do you use these strategies to 

engage learners with the idea? 
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C.  LESSON OBSERVATIONS GUIDE 

TOPIC: Mole Concept 

Class                                                              Teacher's Number 

1. The coherence of the mole concept topic with the underlying concepts 

in the schemes of work 

 Are the pre-requisite topics appearing before the mole concept? 

 Are the mole concept subtopics arranged in a manner that supports understanding the 

mole? 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

 

2. The teacher's discussion of the meaning of the mole concepts 
 In which paradigm is the definition used (Atomistic or equivalents)?    

 Is the amount of substance introduced as a quantity and mole as a unit? 

 Is the historical perspective and the significance of the mole concept in chemistry 

discussed? 

 What is the teachers’ subject matter knowledge (content knowledge)?  

 What representations and analogies were used?  

 What conceptual strategies were used? 

 Is the teacher aware of the pupils' prior knowledge/misconceptions and learning 

difficulties? 

 Is the teacher aware of what makes the concept/idea easy or difficult to understand? 

 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

 

3. Linking of atomic - molecular theory of matter with the mole concept 
 What is the teachers’ subject matter knowledge (content knowledge)? 
 What representations used by the teacher?  

 What conceptual strategies used? 

 Is the teacher aware of the pupils' prior knowledge/misconceptions and learning 

difficulties? 

 Is the teacher aware of what makes this link easy or difficult to understand? 
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  (a)  Explanation of relative atomic/molecular mass  

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

(b)  Presentation of the link between Relative atomic/ molecular mass and molar 

masses of mono atomic elements, molecules and compounds 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

.............................................................................................................................. 

4. The presentation of the relationship among amount the of substance (n), mass 

(m), number of particles (NA) and volume (V) of gases. 

 
 What is the teachers’ subject matter knowledge (content knowledge)? 
 What representations and analogies were used? 

  What conceptual strategies were used? 

 Is the teacher aware of the pupils' prior knowledge/misconceptions and learning 

difficulties? 

 Is the teacher aware of what makes these relationships easy or difficult to understand? 

 

(a)  The mass 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

(b)  Number of particles 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

(c)  Volume (gases at r.t.p and s.t.p) 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

................................................................................................................................. 
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5. Presentation of the application of the mole concept 
 What is the teachers’ subject matter knowledge (content knowledge)? 
 What representations and analogies used? 

 What conceptual strategies used? 

 Is the teacher aware of the pupils' prior knowledge/misconceptions and learning 

difficulties? 

 Is the teacher aware of what makes these relationships easy or difficult to understand? 

 Is there coherence in the presentation of concepts?  

 

 (a) Calculation of the empirical formula  

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

.................................................................................................................................. 

 

 (b) Concentrations of solution 

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................................................................................... 

                       (c) Dilution 

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................................................................................... 

(d) Calculation of quantities of reacting substances 

(i) The mole interpretation of a balanced chemical equation 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

................................................................................................................................. 

(ii) Excess and Limiting reactants 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

................................................................................................................................. 
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(iii) Percentage yield 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

.............................................................................................................................. 

Comments and issues for further discussion with teachers 

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

...............................................................................................................................

............................................................................................................................... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

THE END 
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D TEACHERS FOCUSED GROUP SCHEDULE   

 

CHEMISTRY TEACHERS’ FOCUS GROUP DICUSSION 

PROGRAMME 

 
DATE: 15TH JANUARY 2016 

VENUE: COPPERBELT PROVINCIAL RESOURCE CENTRE 

 

S/no Activity Time 
 

1 

Introduction 

 Self-introduction 

 Overview of the programmme 

 CoRes framework 

 

 

08:00 

2 Completion of the Mole Concept CoRes 

individually  

08:20 

 BREAK 10:00 

3 Presenting and Discussion of the individual 

CoRes to come with a common Teachers’ 

Mole Concept CoRes framework   

10:10 

4 Presentation and discussion of schemes of 

work 

12: 30 

 BREAK 13:00 

 

 

 

 

6 

Follow up discussion of the meaning of the 

following concepts as presented by the 

teachers and text books they were using 

 Amount of substance (mole concept) 

 Mass number 

 Relative atomic mass 

 Molar masse 

 Molar volume 

 Empirical formula 

 Concentration 

 Limiting and excess reactants 

 

 

 

 

 

 

13:30 

7 Teachers Reflection on the Teaching of the 

mole concept 

14: 40 

8 The End of the programme. 15:00 
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E   PUPILS' MOLE CONCEPT TEST 
 

NAME OF THE SCHOOL......................................................................................... 

 

CLASS.....................................................................PUPIL ID   

 

INSTRUCTIONS 

 Answer all the questions in this paper 

 Answers should be written in the spaces provided 

___________________________________________________________________ 

1. Define the following terms 

    (a) Mass number 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

............................................................................................................................[1] 

    (b) Relative atomic mass 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

............................................................................................................................[1] 

    (c) Molar mass 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

............................................................................................................................[1] 

 (d) Molar volume 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

............................................................................................................................[1] 

2.  Find the relative molecular mass (formula mass) of  2( )Ca OH  

 

 

 

 

  

Answer                                                           

 

[3] 
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3.  Describe your understanding of the mole  

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[4] 

4. Which of the following best shows equal number of moles for a given samples of 

sodium, oxygen and water?   Tick (√) your answer  

    (a) Equal masses of sodium, oxygen and water   

    (b)  Equal number of particles of sodium, oxygen and water                             [2] 

Explain your answer in (4) 

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

.................................................................................................................................

............................................................................................................................[2] 

5. A compound of magnesium and chlorine is found to contain 25.3% of magnesium  

by mass. What is the empirical formula for the compound? 

 

 

 

 

 

 

 

 

 

6.  What is the mass of 1 oxygen atom in grams 

 

 

 

 

 

 

Answer 

 

[4] 

Answer 

 

 

 

 

 

 

 

 

 

 

 

 

[7] 
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7. If you dissolve 10g of common salt (sodium chloride) in water to form 50 3cm of 

the solution, What will be the concentration of the salt solution in moles per 

decimetre cubed? 

 

 

 

 

 

 

 

 

8. Carbon dioxide can be prepared in the laboratory by reacting calcium carbonate 

and hydrochloric acid.  

 

    (a) Write the balanced chemical equation for this reaction 

 

 

    

 

 

 

 (b) Calculate the volume of carbon dioxide that will be produced when you react   

completely 2g of calcium carbonate with excess hydrochloric acid (assuming 

that the gas was collected at room temperature and pressure) 

 

 

 

 

 

 

 

 

 Answer   

 

[2] 

Answer 

 

 

[7] 

Answer 

 

 

 

[6] 
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(c) How many carbon dioxide molecules will be in that volume produced in this 

reaction? 

 

 

 

 

 

 

 

 

 

9. A 25.0 3cm solution of 0.5M of sodium hydroxide reacted with 30.0 3cm of 

hydrochloric acid 

 

     (a) Write the balanced equation for this reaction 

 

  

 

 

 

(b) Calculate the concentration of hydrochloric acid that reacted with sodium 

hydroxide. 

 

      

 

 

 

 

 

 

 

 

 

 

Answer 

 

[7] 

 

 

 

 

 

 

 

 

Answer 

 

[2] 

Answer 

 

 

[5] 
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10. During an experiment 80g of copper was heated with 30g of sulphur, 95.2g of 2Cu S

was formed. The balanced equation for this reaction is 22 ( ) ( ) ( )Cu s S s Cu S s   

        

(a) Calculate the moles of copper and sulphur that were available for this reaction 

 

 

 

 

 

(b)  Determine the limiting reactant for this reaction 

 

 

 

 

 

(c) Calculate the theoretical yield and the percentage yield for this reaction. 

 

 

 

 

 

 

THE END 

 

   Answer                                  

[4] 

 

   Answer                                  

 

 

[5] 

 

 

 

 

 

 

   Answer                                  

 

 

 

[5] 
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APPENDIX 2: Captured Teachers’ Mole Concept Representations (CoRes) 

PCK  questions 

Underlying ideas/concepts about the mole concept 

A. Relative atomic/molecular  mass B. Meaning of the mole 

1. What do you intend the 

learners to learn about this 

idea/concept? 

 Relative atomic mass is the mass of one atom of an element 

compared to the mass of 1/12 the mass of one atom of carbon -

12, while relative molecular mass is the mass of one molecule of 

a compound or molecule compared to the mass of 1/12 the mass 

of carbon -12 atom. 

 know that the mass of one atom /molecule is extremely small that 

is why it is compared to the 1/12 of the mass of one atom of 

carbon -12 

 To find the relative molecular mass they should know the number 

of atoms of each element present in a particular compound 

 

 

 All forms of matter are made up of particles 

and these particles; atoms, molecules or ions 

and are countable  

 A mole is a unity of a substance. Pupils need 

to learn that a mole of a substance contain 

6.022 x 1023 particles as there atoms in 12.00 

g of carbon -12 

2. Why is it important for 

learners  to know this? 

  

 To help them in their calculations that involve the amount of 

substance or in the empirical formula of a compound. And the 

total mass of a   molecule 

 Pupils will be able to use the relative atomic mass and relative 

molecular mass in the calculation of the mole concept 

 

 

 It is important because pupils will be able to 

calculate the number of atoms or molecules in 

the given sample. 

 Generally, pupils are of the idea that, only 

forms of matter that they can see are 

countable. It is therefore important for them to 

appreciate that even the unseen forms of 

matter can be counted as well 
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3. What else you might know  

  about this idea that you don't 

intend learners to know yet? 

 

 The relationship between relative atomic/molecular mass and the 

molar mass, the former is a ratio do not have units  but the latter  

is expressed in grams  per mole, which  might confuse the pupils 

 

 The relationship between the number of moles 

and the mass of a substance. This may bring 

confusion as the two are closely related 

 

 

4. What difficulties and  

      limitations connected with  

      teaching of this idea? 

 This idea is connected with the periodic table. So if pupils are not 

conversant with the periodic table it becomes very difficult to 

teach this concept. 

 Weights of atoms cannot be measured directly instead they are 

compared to the standard mass of an atom of carbon -12.  That is 

a limitation itself because the idea is abstract 

 The atomic number is sometimes taken as relative atomic mass 

by some pupils 

 Relationship between mole of a substance and 

number of particles or molecules, calculating 

the mole of compounds. 

  Some pupils are unable to solve problems 

because the mathematical background is bad  

 No Proper definition to make pupils 

understand the meaning properly.  

  Limited knowledge on the subject itself. 

5. What do you know about  

    learners’ thinking that  

    influences your teaching of     

     this  idea? 

 knowledge of the periodic table 

 Pupils think that mole concept is one of the most difficult topic in 

chemistry 

 They do not really understand the relative atomic mass 

 Have a perception that the topic is difficulty.  

 Most pupils do not like topics that involve 

calculations 

 The language in chemistry put them off. They 

also think chemistry is  in abstract 

6. What do know about pupils 

difficulties in learning this 

idea? 

 Determining the chemical formula of a given compound before 

calculating the relative molecular mas 

 Most pupils do not know the masses of an atom or element  

 To distinguishing between relative atomic mass of an atom and 

the mass of an atom 

 The definitions mostly possess a great challenge to the pupils 

 Fear of the topic often cripples their understanding of this idea. 

 

 

 Don’t understand the formulae but memories 

the formula i.e. miss application of the 

formula 

 Poor mathematical background 

 The comparison between the particles of any 

other substance and that of particles found in 

exactly 12g of carbon -12 isotope, has been a 

challenge. Most pupils ask why carbon -12 

was preferred and not any other element. 
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7.  What other factors that  

      influence your teaching of    

      this idea? 

 

 

 

 Mathematics concepts i.e simple algebra 

 Application of this idea in their calculations   

 They do not understand the relative atomic mass.  

 

 

 

 Knowledge of the relative atomic/ molecular 

mass 

 Lack of enough knowledge by the teacher  

 History of mole concept that it is a difficult 

topic  

 The content knowledge on the some idea 

lack of research to come up with concrete 

ideas on the same concept. 

8. What teaching strategies you 

use to teach this concept? 

 

 Teacher centered and learner cantered strategies to teach this 

concept.  

  Introduce the topic, give a few examples and then give either 

class exercise or home work.  

 Mostly the questions given are names and not chemical formulae 

of compounds. This is where most pupils find difficulties in 

writing the correct formula from which they can calculate the 

relative molecular mass 

 

 Use of the following relationships 

 a dozen to 12 things  

 A unit of eggs to ten (10) eggs 

 A pair of shoes to two (2) shoes 

 help them to understand the expression n= 

mass/Mr. For elements Ar  is used and for 

compounds Mr is used. and give them many 

examples for problem solving  

  Use the learner centered strategy. Group work 

is the most effective as it helps the slow 

learners to catch up as well 
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9. Why do you use these 

strategies to engage learners 

with the idea? 

 

 Make the learners to understand what is meant by relative atomic 

mass and why relative atomic mass has no units, eventually 

enable them calculate the relative molecular mass of a substance 

/compound 

 

 

 

 they are related to each other in understanding 

the calculation of the mole 

 make leaners understand what is meant by 

mole and how to do the calculations involving 

the mole concept 

 The mole concept is not a easy topic for pupils  

so the teacher should emphasis  very much  to 

make pupils understand  and not to confuse 

them straight from the beginning  of the topic 
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PCK questions 

Underlying ideas/concepts under the mole concept 

C. Linking relative  atomic mass to molar mass D. Molar Volume 

1. What do you intend 

the learners to learn 

about this  idea/concept? 

 Understanding that calculating the molar mass involves adding the 

relative atomic mass of each atom or element present in a particular a 

compound. 

 When R.A.M of the individual atoms in a formula of a compound is 

added up. The figure obtained is the  R.M.M of R.F.M (depending on 

type of compound whether it is covalent/ionic) 

 Relative atomic mass is the ratio of the mass of one atom of an 

element to 1/12 the mass of one atom of carbon-12 while molar mass 

is the mass of one mole of a substance. 

 The sum of the relative atomic masses in a molecule or compound 

gives molar mass. 

 Since relative atomic mass is a ratio and has no units, in calculations, 

it cannot be used as such. This is because; the quantities that are given 

in calculations/questions always have units. Therefore, a link between 

relative atomic mass and molar mass has to be established in order to 

introduce the aspect of units e.g the relative atomic mass of copper is 

64 but when expressed as molar, it becomes 64g/mol.   

 

 Molar volume is the volume of one mole of any gas at r.t.p or 

s.t.p 

 State that at r.t.p the molar gas volume is 24dm3 while at s.t.p 

the molar gas volume is 22.4dm3 

 Molar gas volume is influenced by temperature and pressure. 

 The volume occupied by 1mol of any gas at these conditions 

is the same. i.e there is a relationship between volume and 

number of particles present (mol) at these conditions. 

 

2. Why is it important for 

learners to know this? 

 Because the relative molecular mass is the sum of relative atomic 

masses of individual atoms present in a given compound 

 Knowing this concept will help pupils to know about how to make 

molar solutions. 

 Pupils need to have the concept of relative atomic mass and relative 

molar mass in order to use in the calculation of mole concept. 

 RMM is the mass of a substance compared to 1/12g the mass of one 

atom of carbon-12. Therefore, units cancel when this comparison is 

made. 

 While Mr has units because it is mass of one mole of a substance. 

 In order for them to use molar mass in their calculations, when 

questions are asked. 

 

   Helps pupils to calculate mole of gases given the volume 

 Matter exists in different states, solids can easily be 

weighed and using Ar(R.A.M) the number of moles can be 

determined . 

 Gases on the other hand cannot be easily weighed therefore 

the volume they occupy and a given temperature and 

pressure can easily be known given the constants 24dm3 at 

r.t.p and 22.4 at s.t.p. 

 It is important for pupils to know this, so that they will be 

able to calculate the volume of gas produced or required in a 

chemical reaction.  
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3. What else you might  

    know about this idea  

     that you don’t intend  

     learners to know yet? 

 Calculating the relative molecular mass from percentage abundances. 

     The units that are used to quantify substances are SI units. However, 

for relative atomic mass, the particles referred to are so small and 

hence the SI unit system cannot be used. What are used are atomic 

mass units (a.m.u) and these may confuse pupils who are used to 

grams (g) and kilograms (kg) 

 Calculating volume from a given mass 

   Temperature at which a may be subjected to is not always      

    r.t.p or s.t.p. In such a case other laws such as Charles law     

   or Boyles by law will have to be used to determine the  

     volume occupied by a gas. 

4. What difficulties and     

     limitations connected  

     with teaching of this  

      idea? 

 Knowing the number of atoms of each element in a given compound 

especially if pupils do not know how to construct a chemical formula, 

teaching becomes a challenge. 

 No teaching and learning materials for example, pupil’s text books and 

teaching /learning materials. 

 To make pupils understand the three concepts relative atomic mass, 

relative molecular mass and molar mass. 

  

 Relationship between volume of reacting substances 

 Taught as a lecture or teacher centered topic due to lack of 

demonstrative apparatus in schools. 

 Lack of enough apparatus to use for pupils during 

experiment for data recording. 

 Difficulty is in the conversion of moles to molar volume 

calculations. 

 Lack of Text books which explains more on this concept. 

 It has always been difficult for pupils to understand the 

concept of conditions. In their view, these conditions must 

be created in the laboratory, for them to observe.  

5. What do you know 

about learners’ thinking 

that influences your 

teaching of this idea? 

 

 Failure to differentiate these two concepts by pupils in terms units     

influences the teacher to stress the point. 

 The language of chemistry is completely new to them 

 

 

 

 Pupils think calculating molar volume also involves 

calculating the relative molecular mass of the given gas. 

6. What do you  know 

about pupils difficulties 

in learning this idea? 

 

 Pupils fail to understand the link between atomic mass and molar 

mass. 

 Pupils usually fail to understand atomic and molar mass. 

 Background information on the language of chemistry i.e writing of 

chemical formulae. This hinders their calculations that deal with 

relative molecular mass . 

 

 Calculating volume of gases from given mass 

 Poor mathematical skills e.g cannot easily change the 

subject of the formula. This means in teaching chemistry 

mathematics is also required to be taught if the objectives of 

the lesson are to be achieved. 
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7.  What other factors 

that influence your 

teaching of this idea? 

 

 

 Periodic table 

 Lack of enough knowledge by the teacher. 

 

 

 Lack of searching for more knowledge by the teacher and 

the pupils. 

 Large number of pupils in a classroom  

8. What teaching 

strategies  do you use to 

teach this concept? 

 

 Identifying number of atoms present in a particular given compound 

 Demonstration e.g using a scale to demonstrate a molar mass of say 

water, NaOH  

 Question and answer and discussion method 

 Give examples and involve the learners to work them out. 

 Mostly, it is the learner-centered strategy. In groups, they are able to 

calculate the relative atomic mass and then connect or link it to the 

molar mass of a substance. 

 

 Question and answer and discussion method 

 Making pupils know the relationship between mole and 

volume of gases.  1 mole-24dm3 of gas at RTP. One mole of 

any gas at s.t.p occupies 22.4dm3 of volume and r.t.p one 

mole occupies 24dm3 

 Teach the pupils to master the formula that can be used to 

find molar volume given the mole n= given volume/molar 

volume. 

 Give simple examples of calculations involving simple 

proportion. 

 

 

9. Why do you use these    

strategies to engage 

learners with the idea? 

 

 It is the basis for calculating relative molecular mass. 

 To understand whether the pupils appreciate the difference between 

R.A.M, R.M.M and molar mass of a compound. Discussion method has 

to be used. 

 To find out what pupils already know so that pupils can understand the 

topic less difficulties. 

 So that pupils can understand and know the concept of the topic. 

 It is the most effective way to identify the areas in which pupils have 

difficulties. In this way misconceptions can be connected unlike using 

the teacher-centered approach. 

 

 Help pupils make relationship between mole and volume 

given the molar volume at any given temperature and 

pressure. 

 Discussion method is to be used when clarifying certain key 

aspects of the questions being solved. 

 Question and answer method, to know if the learners have 

understood the concept. 

 Help the learners to understand the concept and he/she can 

apply it on any problem on this topic. 

 Makes them to understand and to believe that mole concept 

is not difficult. 

 Question and answer; to find out what they know  
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PCK questions 

Underlying ideas/concepts under the mole concept 

E. The relationship among the mole (n), mass (m), 

number of particles (NA) and Volume (V) of gases 

F. .Empirical and molecular formulae 

1. What do you intend the learners 

to learn about this  idea/concept? 

 Pupils must use the following expressions 

                        
r r

mass (m)
mole (n) = 

molar mass (A /M )

 

                             volume
mole (n) = 

molar volume 

 

                           231 mole = 6.02 × 10  particles  

 

 Empirical formula shows the simplest ratio 

of atoms of elements present in a compound 

 Molecular formula shows the actual number 

of atoms present in the compound 

 All compounds have elements that are 

combined in a fixed ratio either by 

percentage or by mass. This combination is 

definite and cannot be changed. It can be in 

a simple ratio or otherwise 

2. Why is it important for learners 

to know this? 

 

 Pupils can use this to calculate mole, mass number of particles and 

volume of any given substance 

 The topics are interlinked and this is seen in the formulae 

 Pupils will appreciate knowing this because they will learn how to 

calculate mole, mass, number of particles and volume of gases 

 

 

 This enables them to calculate the empirical 

and molecular formulae 

 It will also help the learner to know the 

number of atoms present in a compound 
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3. What else you might   know about 

this idea that you don’t intend 

learners to know yet? 

 

 Calculating mole from reacting masses 

 Calculations involving limiting reagent 

 Calculating molecular formula before 

calculating empirical formula 

 Orientations of atoms in a formula should 

not be discussed 

 The  percentage  composition by mass of an 

element in a compound 

6. What difficulties and      

limitations connected with 

teaching of this idea? 

 The idea of Avogadro’s constant 

 Some pupils lack poor skills mathematically 

 Not enough time allocated to this topic to ensure that pupils 

appreciate the interrelationships that exist between them 

 Lack of learning and teaching materials. For example, apparatus, 

textbooks and learning/teaching aids such as video tapes, so that 

pupils have direct contact, they can see what others were 

experimenting on. 

 Mostly, it concerns the misplacement of units when substituting 

variables in calculations 

 Determining mole ratios of atoms in a given 

compound 

 Empirical formula especially for organic 

compounds can be calculated using 

percentage compositions of the elements 

present or R.A.M of the elements involved 

in addition to the mass if it is known. 

 

5. What do you know about  

    learners’ thinking that     

    influences your teaching of  

    this idea? 

 

 Pupils knowledge on relationship between mole and volume of 

gases 

 Pupils already think that the topic is difficult. 

 The connection of mole to mass, number of particles and volume 

of gases 

 

 Knowledge on the mole and use of 

r r

mass (m)
mole (n) = 

molar mass (A /M )
 

 Pupils do not like topics involving 

calculations. Pupils think that calculations 

are always difficult 

 Pupils  believe that, the formula can be 

changed without realizing that the ratio of 

the combined elements is fixed by either 

their percentage or mass 
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6. What do you know about   

    Learners difficulties in  

     learning this idea? 

 Certain ideas are difficult for pupils to relate e.g 

 Mole and volume of gases 

 Mass and volume of gases 

 Mole and number of particles 

 Pupils usually do not understand the concept of relationship among 

the mole, mass, number of particles  and volume of gases 

 The challenge comes in at the point of 

dividing the number of moles obtained with 

the smallest figure among the element 

present if the answer obtained thereafter is a 

fraction. How to deal with this is often 

difficult for pupils 

 Poor mathematical background 

7.  What other factors that   

       influence your teaching  

       of this idea? 

 Knowledge of the Avogadro’s constant number (6.02 x 1023) 

 Examination questions as set by exam council 

 Lack of knowledge by the teacher 

 Pupils usually do not put much effort to learn 

 Too many pupils in a class 

 

 Factors such as mass or percentage 

composition by mass 

 Determining mole 

 It is often difficult to do a practical session 

of this at secondary school due to the nature 

of the laboratories 

 Too many pupils in a class 

8. What teaching strategies do  

    you use to teach this    

     concept? 

 Explain the relationships among moles, mass molar mass, volume, 

molar volume and number of particles 

 Give them examples of how to calculate these quantities and invite 

them to work out the examples  

 Give them individual or group exercise 

 In other ways all the teaching strategies are used, from teacher-

centered to learner centered and finally for consolidation, employ 

group work strategy 

 Help pupils to calculate the mole of each 

atom 

 Identify the smallest number of moles  

 Dividing smallest number of moles by the 

rest to get mole ratio 

 Use mole ratio to determine the empirical 

formula 

 All the teaching strategies are used 

9. Why do you use these    

   strategies to engage learners  

    with the idea? 

 They are related to each other and can help calculate mole, mass, 

number of particles and volume of gases 

 Topic is theoretical, practice by pupils is brought in through 

answering questions 

 Question and answer will help the leaners to understand the 

relationship among them 

 To find out what pupils already know 

 To find out whether pupils have understood 

the lesson 

 They enhance the understanding of the 

concepts and ideas 
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PCK questions 

Underlying ideas/concepts under  the mole concept topic 

G. .Expression of the concentration of the solution  H. Calculation of reacting quantities in chemical  

    reactions 

1. What do you intend the    

learners to learn about this  

idea/concept? 

 

 Discuss that concentration is the amount of substance per unit 

volume. 

C= n mass(g)/Ar/Vol(dm3) 

 

 Concentration as the number of moles in a specified volume. 

 Units of concentration; g/cm3 or mol/cm3 
 

 concentration can be expressed in many ways. Some of the 

expressions are: 

  1. In  g/dm3                       2.  In mol/dm3  (molarity) 

    C = m(g)/V(dm3)                      M = moles/V(dm3) 

     Other formulae:  

      M= m/MM* V(cm3) *1000 ; M= C(g/dm3) / MM 

  

  

 A balanced chemical equation gives one the idea of how 

quantities are related in proportion to one another. 

 In practice however, one reagent maybe more than the other. 

This brings the concept of limiting and excess reagent. 

 In practical test involving back titrations are required to 

appreciate this concept of limiting reagents. 

 Pupils should learn how to calculate mole or volume or mass 

of product or reactant using a balanced chemical equation  

2. Why is it important for 

learners to know this? 

 

 The amount of substance (solute) in a solution of a solvent is 

often expressed in terms of molarity. This knowledge is 

important for pupils to have. 

 It is important for pupils because the information above 

enable the pupils to be making solution with specified 

concentrations. 

 

 

 This enable pupil to calculate moles, mass, particle, volume 

and concentration from reacting quantities. 

 The limiting reagent determines how far the reaction will go 

and how much will be produced. 
 Pupils will know how to calculate reacting quantities in 

chemical reaction 
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3. What else you might know 

about this idea that you don’t 

intend learners to know yet? 

 Relationship between concentration and mass of a solute    

dissolved. 

 Concentration can be expressed in different ways other than 

mol/dm3 (molarity)e.g Normality, Parts per million (ppm), ppt 

, equivalents 

 Dilution law 

 Other expressions of concentration such as normality, ppm, 

etc 

 

 

 Titrations (experimental for 5124) 

 Limiting reactants 

 The relationship that exists between the fixed ratio in the  

       reaction and the actual number of moles that are involved in     

the actual reaction. 

4. What difficulties and    

limitations connected with 

teaching of this  idea? 

 

 Issues of standard solutions can be discussed although this  

       often brings in complications. 

 Lack of apparatus  

 Lack of teaching/learning aids 

 Lack of enough text books. 

 The teacher may not have the apparatus to measure the mass  

       being dissolved in a specific volume. This makes the lesson to     

       be somehow abstract. 

 Pupils forget to change volume in cm3 to dm3.. 

 Mathematics problem, failing to make the subject of the 

formula. 

 

 

 Difficulties are that you must first teach writing and balancing  

       of chemical equations. 

 As pointed earlier, poor mathematical skills by pupils as this 

aspect involves a lot of calculations. 

 Lack of apparatus 

 Lack of teaching /learning aids 

 Lack of participation for the pupils 

 Pupils will have difficulties in coming up with chemical 

equation when provided with the information. 

 The knowledge that one of the reacting substances can limit 

the reaction process when it finishes first before the other. This 

often confuses pupils. At this point also, it is better not to 

introduce limiting reactant calculations but merely give one of 

the reactants as being in excess. 

 

5. What do you know about   

learners’ thinking that      

influences your teaching of  

this idea? 

 Pupils sometimes fail to differentiate the concept of 

concentration to number of moles. This makes it difficult to 

teach this topic. 

 Pupils have negative ideas of the lesson, for example the 

topic is difficult. 

 Application of the concept in  practicals 

 

 Pupils already have negative attitude concerning the topic, 

that it is difficult. 

 Pupils always think that mole concept is a difficult topic 

especially reacting quantities in chemical reaction. 
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6. What do you know about   

    Learners difficulties in  

     learning this idea? 

 

 Pupils find it difficult to calculate concentration given mass of 

solute. 

 Conversion of units the question may have mass (g) and 

volume in cubic centimeter and the pupils are asked to quote 

their answer in mole/dm3. This becomes a challenge for them 

to work out the answer in different units. 

 

 

 Writing or constructing chemical equations. 

 Balancing of chemical equations 

 Identifying the mole ratios 

 Lack of understanding the formulae to use in calculating 

quantities in chemical reaction. 

 Pupils unable to use simple proportion when calculating. 

 

7.  What other factors that   

       influence your teaching  

       of this idea? 

 Titration questions often asked in the 5070 syllabus require 

that pupils have knowledge about how to calculate 

concentration /molarity of solutions. 

 Lack of apparatus 

 Lack of text books for references 

 Lack of manipulative skills by the learners. 

 Poor background of mathematics 

 Too many pupils in the classrooms. 

 

 

 Knowledge of writing chemical equations correctly. 

 Lack of enough knowledge by the teacher and the pupils. 

 Too many pupils in a class. 

 The appreciation that masses, moles , concentration, number 

of particles etc. in a reaction is always related to the number 

of moles involved in the reaction. 

8. What teaching strategies  

   do  you use to teach this    

     concept? 

 Experimental method, question and answer method 

 Practical/group work can be organized so that the idea of 

molarity /concentration is enhanced. 

 Engage the learners by giving them problems to solve basing 

on the concept. 

 Explaining in systematic way and taking time, give many 

examples. 

 All the teaching strategies ie. Teacher centered, group 

discussion and learner centered  

 

 

 Help pupils construct chemical equations. 

 Teach pupils to balance the equations 

 Help pupils to calculate the number of moles of a reactant. 

 Use mole ratios to calculate the number of mole of the 

unknown substance. 

 All the teaching strategies. 
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 Reflections on the teaching of the mole concept 

.T1. Mole concept is presented in such a way that concepts are inter related to each other. So in order to teach this topic properly and 

with positive results concepts must be presented in order and this will make it easy for learners to grasp the idea of mole concept. 

T2. The topic is too long; pupils may get bored hence need to engage them in every lesson. 

Often the ideas are only fairly understood by the teachers asked to teach the topic, misconception by pupils on the difficulty of the topic 

should be demystified; Pupils should be encouraged to discuss the topic amongst themselves while the teacher facilitates to ensure that 

correct information is being shared.  

T3, Mole concept is a good topic, now pupils have a negative attitude concerning the topic that it is a very difficult topic. Teacher and 

parents need to motivate pupils by imparting positive attitude to the pupils so that pupils may like the topic. Most teachers do not have 

enough knowledge to teach mole concept. How to teach, the methods to use and how to handle the negative attitude of the learners. 

   

 

9. Why do you use these    

 strategies to engage learners 

with the idea? 

 

 

 

 To find out what pupils already know. 

 To make pupils think critically for the lesson. 

 Concentration is about making solutions so a laboratory 

method will be very effective in teaching the pupils the 

concept. This will also be coupled with the other strategies. 

 

 

 The application of the ideas expressed are far reaching, can be 

make pupils to start understanding reacting quantities in 

chemical reactions and able to solve problems concerning 

reacting quantities in chemical reactions 
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T5Mole concept is not a difficult topic that pupils cannot understand well. It is the matter of paying extra attention when teaching the 

topic. A teacher has to teach in a systematic way, make pupils understand what is a mole, make pupils know how to use simple 

proportions in solving mole concept calculation. Also make pupils know how to use formulae concerning mole concept in an appropriate 

way. The topic needs more time than the other topics because most pupils have bad background of mathematics. 

T6, From my own experience and observation, mole concept as a topic should be handled properly so that pupils understand it. To 

begin with, this topic has some terminologies that pupils should understand in terms of meaning pupils should have good mathematical 

background. This also entails that pupils should have done some topic in mathematics such as making the subject of the formula, simple 

proportions and others 
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APPENDIX  3: Developed Mole Concept Content Representation Framework 

PCK  questions 

Underlying ideas/concepts about the mole concept 

A. Relative atomic/molecular  mass B. Meaning of the mole 

1. What do you intend 

the learners to learn 

about this 

idea/concept? 

 Atoms of elements exist as isotopes the masses of individual 

isotopes are very minute, let alone the masses of protons, 

electrons and neutrons. The masses of these atomic particles 

are conveniently presented by comparing them to the standard 

scale 1/12 the mass of carbon -12 isotope called the unified 

atomic mass unit (u).   

 Using this scale, the mass of a proton and a neutron is 

equivalent to 1u, while the mass of an electron is negligible 

thus it does not contribute to mass of an isotope. Thus the 

mass number or atomic mass of an isotope of an atom is the 

sum of protons and neutron present in the nucleus.  

 To come up with the mass to represent the mass of an atom of 

an element we find the average of the mass numbers of the 

isotopes of an element taking into account of their percentage 

abundance. This quantity is called relative atomic mass   

 Relative atomic mass (Ar) is the average mass of isotopes of 

an element compared with one – twelfth the mass of one 

atom of carbon -12.  

 The quantity has no units as it is the ratio between the 

average mass of isotopes of an element compared to the 

mass of 1/12 the mass of Carbon-12. 

 Relative molecular mass is the sum of all the relative atomic 

masses present in a molecule or formula unit 

 Scientists were faced with a problem of understanding the 

mass composition of substances and to determine the 

quantities of substances taking part in a chemical reaction. 

 The atomic theory provided framework to solve these 

problems  

 Chemical reaction takes place at microscopic level. It 

involves the rearranging of atoms to form new substances. 

Scientist come up with the mole concept as an indirect way 

of counting the elementary particles and provided a way of 

calculating the quantities of substances taking part in a 

reaction.  

 They picked on carbon -12 isotope as a standard scale for 

measuring of microscopic entities.  Experimentally it was 

found that 12g of carbon-12 contained Avogadro’s number 

of atoms, which is 6.02214084 x 1023 atoms.  
 This Avogadro’s number was picked as the standard pack 

and 12 grams of carbon-12 was called 1 mole of carbon 

atoms. 

  Thus the mole is the amount of any substance that contain 

6.022 x 1023 particles as there are atoms in exactly 12.00 g 

of carbon -12.  

 The mole should always be associated to elementary 

particles (microscopic knowledge) 
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2. Why is it important 

for learners to know 

this? 

 Learners to know that masses of microscopic particles are 

very minute, expressing and manipulating them could be 

very difficult and cumbersome thus scientists came up 

atomic mass unit scale, based on the1/12 the mass of carbon 

-12 isotope, to measure or represent the masses of 

microscopic particles (protons, neutrons, atoms, molecules 

and formula units). 

 Mass number represents the mass of isotopes of elements in 

atomic mass unit NOT grams and it’s a whole number 

because it is the nucleon number. 

 Relative atomic mass is the average mass of all the isotopes 

of an element, expressed in atomic unit,  

 Learners will understand that relative atomic mass is not the 

actual mass of microscopic particles and it is based on 

atomic mass unit. 

 Understanding the historical perspective; why the mole concept 

was introduced, the link between mole and the atomic theory 

the framework for understanding of chemical composition and 

reactions.  

 Understand that the mole concept provided a way to indirectly 

count the microscopic particles taking part in a chemical 

reaction. 

 This instils the appreciation the significance of the mole 

concept and where the concept sits. 

  The description of the mole as a unit based on carbon -  12 

isotope provide a framework for understanding that the amount 

of substance is fundamental quantity for measuring the 

microscopic particles and it measured in moles.  

 

3. What else you might 

know about this idea 

that you don't   intend 

learners to know yet? 

 

 The relationship between atomic mass unit and the gram 

scale using the one mole of carbon-12 atoms to explain the 

link between atomic theory and mole concept through mass.  

 The measuring of relative atomic mass using mass 

spectrometer  

 

 

  The relationship between atomic mass unit and the gram 

scale in one mole of carbon atoms 

 

 

4. What difficulties 

and   limitations 

connected with   

teaching of this idea? 

 

 The atomic mass unit is abstract in nature as it deals with the 

microscopic knowledge level, masses of microscopic 

particles cannot be measured directly at microscopic level 

 These concepts and their properties are abstract and are 

impossible to observe. 
 

 

 

 

 

 The SI definition is abstract in nature as it deals with 

microscopic concepts which cannot be directly observed and 

counted 

 The definition contains a lot of concepts at micro, macro and 

symbolic levels makes it difficult to comprehend 

 The SI definition of the mole does not explicitly define the 

quantity ‘amount of substance’.   
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5. What do you know 

about learners’ 

thinking that 

influences your 

teaching of this idea? 

 

 Learners see the microscopic world as a smaller version of 

their own macroscopic experience, learners might view atoms 

of elements as the tiny pieces of elements.  

 They can therefore attribute properties belonging to 

macroscopic level to microscopic structures. 

 Thus they might think the mass number and relative atomic 

mass are masses of atoms in grams.   
 

 

 Learners perceive mole concept as a difficult topic 

 . Learners may find it difficult to understand the amount of  

   substance and they relate it to mass or volume 

 They understand that the mole is the quantity and the mol, the 

abbreviation of mole, as the unit 

 

6. What do know 

about learners 

difficulties in learning 

this idea? 

 

 

 

 Difficulties in differentiating the two mass scales; atomic 

mass unit and gram scale 

  hence they find it difficult to differentiating relative atomic 

mass and the actual mass of an atom in grams   

 Learner find it difficult to distinguishing the following 

concepts mass number, relative atomic mass and molar mass  

 

 

 The comparison between the particles of any other 

substance and that of particles found in exactly 12g of 

carbon -12 isotope, has been a challenge.  

 The understanding that amount of substance is a quantity is 

a challenge, they associate it to physical quantities like mass 

and volume 

 Learners may find it difficult to understand the meaning of 

the association among the macroscopic, microscopic and 

symbolic knowledge within the SI definition of the mole 

concept  

 

7.  What other factors 

that influence your 

teaching of this idea? 

 

 

 

 Learners knowledge on the atomic theory and the language of 

chemistry 

 

 

 

 Learners knowledge on atomic theory and the language of 

chemistry 

 Abstract nature of the mole concept   
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8. What teaching 

strategies do you use to 

teach this concept? 

 

 Explain how minute and how difficult it could be to handle the 

masses of atoms in chemistry, illustrate this by using the mass of 

carbon -12 isotope:  1.993355482 × 10-23 g  
 State the masses of atomic particles: proton = 1.6726 × 10-24 g , 

Neutron  = 1.6750 × 10-24 g  and electron = 9. 1095× 10-28 g     

 Work out the atomic mass unit (u) the 1/12 the mass of carbon -

12 isotope1/12 ×1.993355482 × 10-23 g = 1.66×10-24 g  

 Express the masses of atomic particles in unified atomic mass 

unit (u) by dividing their masses by 1.66×10-24 g 

 Explain that the mass of an electron is negligible, only neutrons 

and proton contribute to mass number,  

  define the mass number as the sum of protons and neutron in an 

isotope of an element. Carbon -12 isotope   has 6 neutrons and 6 

protons its mass number or atomic mass is 6+6=12. carbon -14 

1sotope has 6 protons and 8 neutrons its mass number is 6+8= 

14. 

  These isotopes exist we need to find the mass that represent 

them as the mass of carbon atom by finding the average of their 

masses taking into account their percentage abundance 

 Then define relative atomic mass the average mass of isotopes 

of an element compared with one – twelfth the mass of one 

atom of carbon -12.  

 Explain that this holds for other elements because their mass 

number that contributes to the average mass are based on  

carbon -12 scale 

 

 

 

 

 

 

 

 Revise the atomic theory as a framework that explains how 

substances react. And the challenges associated with 

counting the trillions of these microscopic particles of 

substances in a chemical reaction, briefly discus this within 

the historical perspectives 

 Explain that most of the times in life we find it convenient 

to count or buy and sell things in packs of things some of 

the packs are: A unit of eggs to ten means 10 eggs; A dozen 

of books means 12 books 

 Help learners understand that these packs are about the 

numbers not any attributes of items in those packs, the items 

or objects are at macroscopic level they can be counted 

directly. Elementally particles are at microscopic level, can 

only be counted indirectly. 

 Scientist found that 12g of C-12 isotope contained 

6.02214084 x 1023 atoms.  This pack of particles was called 

a mole (mol) and was picked as a counting unit of 

elementally particles. 12.00g of C-12 became the mass of 

one mole of C-12 atoms and was called molar mass.  

 The quantity for finding the standard packs in any substance 

was called amount of substance. This quantity is about the 

number of elementary particles in the standard pack (mole) 

and it was defined as the amount of substance that contains 

6.022 x 1023 particles as there are atoms in 12.00g of carbon 

-12.  

 Make leaners understand the number 6.02214084 x 1023 is 

called Avogadro’s number not that he is the one who 

introduced the mole but honoured for his hypothesis that 

equal volumes of gases contain the same number of 

molecules provided they are the same temperature and 

pressure.  
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9. Why do you use 

these strategies to 

engage learners with 

the idea? 

 

 The above strategy will provide learners with conceptual paths 

to effectively understand the meaning, the link and the 

difference between relative atomic mass and molar mass.  

 

 It will also enable learners to understand the atomic mass unit. 

  

 

 This provide the learners a historical perspective of the mole 

concepts and the significance of the concept in chemistry  

 It will enable learners to understand the multiple meanings 

of the association of macro, micro and symbolic concepts in 

the SI definition.  

 It will enable learners to understand that quantity amount of 

substance is about counting the microscopic particles, it is 

measured using the standard park called the mole  
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PCK  questions 
Underlying ideas/concepts about the mole concept 

C. Linking relative  atomic mass to molar mass D. Molar Volume  

1. What do you intend 

the learners to learn 

about this idea/concept? 

 1 mole of Carbon containing  atoms  and each atom has 

a mass of 12.01u.  The molar mass of  I mole of carbon sample at 

the macroscopic level,  containing atoms, is arrived at 

by using this expression;  
23Molar mass = 6.02×10 atoms/mol ×12.01 u/atom  

 We know that u  = -241.66×10 g , substituting the value of u in the 

equation  
23 -24Molar mass = 6.02×10 atoms/mol ×12.01  1.66 10  g/atom   

 Molar mass of C = 12.01 g/mol 

 Taking ratio of the mass of 1 mole of carbon-12 atoms and the 

relative atomic mass of carbon atom we get;   

                                  12.01 g/mol
 = 1 g/mol

12.01

                                                      

 The quotient 1g/mol is the conversion factor referred to as molar 

mass constant, with the symbol Mu.  It links molar mass (Mm) of 

the sample of element and relative atomic mass (Ar) of an atom of 

that element. In general, this this link, for any element, X is 

expressed as follows;   

                       Mm(X)= Ar(X)Mu                                       
  The relative atomic mass of carbon element is 12.01 (average of 

all mass numbers of carbon isotopes) thus the mass of 1 mole of 

carbon atoms is given by 12.01    1g/mol = 12.01g/mol. 

 12.01g is NOT the mass of one carbon atom but the mass of 6.02 

x 1023 C atoms and is called molar mass given in grams/mole 

(g/mol)  

 

 Molar volume is the volume of one mole of any gas at 

room temperature and pressure or standard temperature 

and pressure 

 At room temperature (250 C) and at 101.325 kPa   1 mole 

of any gas occupies 24.4 dm3, thus the molar volume at 

this conditions is 24.4 dm3/mol 

 At standard temperature. (00 C) and at 101.325 kPa   1 

mole of any gas occupies 22.4 dm3, thus the molar 

volume at this conditions is 22.4 dm3/mol 

 

 The molar volumes of any gas have the same number 

(6.02 x 1023) of molecules but their masses in grams are 

different because their relative atomic masses and molar 

masses of their particles are different. 

 Volumes of gases are affected by both pressure and 

temperature. Thus 1 mole of gases at different 

conditions occupies different volumes. 

   

 
 

 

 

236.02 10

236.02 10
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 Since carbon-12 isotope is the standard measure of relative 

atomic mass (Ar) and the amount of substance(n), the above 

explained link between relative atomic mass and the molar 

masses holds even for other elements. The relative atomic mass 

of Cl is 35.5 atomic mass units and the mass of one mole of Cl 

atoms is given by:   35.5    1g/mol = 35.5g/mol 

 The two are different quantities; Relative atomic mass is the ratio 

of the mass of one atom of an element to 1/12 the mass of one 

atom of carbon-12 while molar mass is the mass of one mole of 

elementary particles of a substance. Meaning the mass of 6.02 x 

1023  particles. 

 

2. Why is it important 

for learners to know 

this? 

 To understand that relative atomic mass and molar mass are 

different quantities in terms of the scale and what they represent  

 The above understanding helps the learners not to confuse 

relative atomic/molecular mass and molar mass 

 Understand how the atomic molecular theory links to the mole 

concept through relative atomic mass and molar mass 

 Equips learners with an understanding of the link between 

amount of substance, particles and volumes of gases at 

r.t.p and s.t.p  

 The molar volumes of different gases have equal number 

of molecules. But different masses  

 To understand the exact readings of the temperature and 

pressure at  r.t.p and s.t.p  

 Equip them with the conceptual tools to calculate the 

volumes and number of molecules of gases involved in a 

chemical reactions taking place at r.t.p and s.t.p 

conditions.  

3. What else you might 

know about this idea 

that you don't   intend 

learners to know yet? 

 

    How the relative atomic masses of elements are determined 

using mass spectrometer  

 

 Determination of volumes and moles of gases at non-

standard conditions applying the Charles and  Boyles 

law   

4. What difficulties and   

limitations connected 

with the  teaching of this 

idea? 

 

 Linking relative atomic/molecular mass to molar mass could a 

challenge, 

 Apparatus are not available to measures the volumes of 

gases  

 How to make learners understand the concept of 

conditions at which a mole of any gas occupies the 

molar volume. 
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5. What do you know 

about learners’ thinking 

that influences your 

teaching of this idea? 

 

 

 

 Learners view atoms, molecules and formula units as tiny pieces 

of elements and compounds. Hence are bound to attribute the 

macroscopic properties such as mass in grams, colour to 

microscopic particles.  

 

 

 Learners may think that the conditions at which 1 mole 

of a gas occupies a molar volume must be created in the 

laboratory, for them to observe. 

 Learners are always tempted to use molar volume to 

determine the moles contained in given mass of a gas is 

given.. 

6. What do know about 

learners difficulties in 

learning this idea? 

 Learners cannot observe the atoms, molecules and formula units. 

This make it difficult to understand how relative atomic/molecular 

mass is linked to the mass of one mole of these microscopic 

particles. 

 Hence finding it difficult to understand that microscopic particles 

can be counted indirectly using the relationships between mass 

and molar mass 

 Calculating volume occupied by a gas at r.t.p or s.t.p 

from given mass of that gas. 

 Learners cannot observe the molecules of gases hence 

finding it difficult to understand that microscopic 

particles can be counted indirectly using the 

relationships between volume and molar volumes   

 

7.  What other factors 

that influence your 

teaching of this idea? 

 Understanding of the atomic molecular theory  

  learners thinking and misconceptions   

 

 Learners find difficulties in calculations involves that 

involve multistage of reasoning and substitutions i.e to 

find the number of moles in a given gas at r.t.p or s.t.p 

8. What teaching 

strategies do you use to 

teach this concept? 

 Revise the atomic –molecular theory. Discuss how minute the 

masses of the microscopic particles are  

 Explain that these particles can be counted indirectly by using 

molar mass which is mass of 1 mole of the particles of any 

substance 

 There are 6.02 x 1023  particles in mole of a substance.  This is a 

very huge number of particles and the mass of this pack can be 

determined in grams at element and compound level by linking 

relative atomic/molecular mass expressed in atomic mass unit to 

molar mass in grams per mole (g/mol) 

 

 Discuss the properties of gases in terms of the arrangement 

the particles (molecules)  

 Discuss how temperature and pressure affects the 

movement of the particles in gases and link it to volume. 

 Explain that at room temperature (250 C) and at the 

pressure of 101.325 kPa, 6.02 x 1023  molecules  (1 mole) 

of any gas occupies a volume of 24.4 dm3. thus this volume 

occupied by 1 mole of any gas at room temperature and 

pressure (r.t.p) is called molar volume (24.4 dm3/mol) 
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 Taking Carbon as an example its relative atomic mass is 12.01 

that is the mass of one C atom conveniently expressed in Unified 

atomic unit scale 

 In one mole there are 6.02 x 1023 C atoms and each expressed in 

atomic mass unit 12.01 

 Explain that 1 mole of Carbon containing  atoms  and 

each atom has a mass of 12.01u.  The molar mass of  I mole of 

carbon sample at the macroscopic level,  containing 

atoms, is arrived at by using this expression;  

 
23Molar mass = 6.02×10 atoms/mol ×12.01 u/atom          

 We know that u  = -241.66×10 g , substituting the value of u in the 

equation  
23 -24Molar mass = 6.02×10 atoms/mol ×12.01  1.66 10  g/atom   

Molar mass of C = 12.01 g/mol 

 Taking ratio of the mass of 1 mole of carbon-12 atoms and the 

relative atomic mass of carbon atom we get;   

                                  12.01 g/mol
 = 1 g/mol

12.01

                                                      

 Explain that the quotient 1g/mol is the conversion factor referred 

to as molar mass constant, with the symbol Mu.  It links molar 

mass (Mm) of the sample of element and relative atomic mass (Ar) 

of an atom of that element. In general, this this link, for any 

element, X is expressed as follows;   

                                            Mm(X)= Ar(X)Mu   

 Explain that  relative atomic mass of carbon element is 12.01 

(average of all mass numbers of carbon isotopes) thus the mass of 

1 mole of carbon atoms is given by 12.01    1g/mol = 

12.01g/mol. 

 

 

 At standard temperature (00C) and at the pressure of 

101.325 kPa, 6.02 x 1023  molecules  (1 mole) of any gas 

occupies a volume of 22.4 dm3. thus this volume occupied 

by 1 mole of any gas at standard temperature and pressure 

(s.t.p) is called molar volume (22.4 dm3/mol) 

 Explain that at any other conditions apart from the r.t.p 

and s.t.p the volumes occupied by one mole of gases will 

vary depending on the temperatures and pressure. This 

will be discussed latter under gas laws.  
 Discuss that although the gases may have the some 

volume and number of particles there masses are 

different because they have different molar masses 

 
  

   

236.02 10

236.02 10
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 Remind the learners that 12.01g is NOT the mass of one carbon 

atom but the mass of 6.02 x 1023 C atoms and is called molar 

mass given in grams/mole (g/mol)  

 Since carbon-12 isotope is the standard measure of relative atomic 

mass (Ar) and the amount of substance(n), the above explained link 

between relative atomic mass and the molar masses holds even for 

other elements. The relative atomic mass of Cl is 35.5 atomic mass 

units and the mass of one mole of Cl atoms is given by:   35.5    

1g/mol = 35.5g/mol 

 Explain that this why when determining theoretically the molar 

mass of substance we start by determining their relative 

atomic/molecular mass and then we convert it to molar mass using 

the above relationship 

 Emphasis that the two are different quantities. Relative atomic 

mass is the ratio of the mass of one atom of an element to 1/12 

the mass of one atom of carbon-12 while molar mass is the mass 

of one mole of elementary particles of a substance. Meaning the 

mass of 6.02 x 1023 particles. 

 Relative atomic mass should never be used in place of molar 

mass the two are totally different quantities although they are 

linked 
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9. Why do you use these 

strategies to engage 

learners with the idea? 

 

 

 

 Learners understands in detail the link between relative atomic 

mass and molar mass 

 Give the learner an opportunity to understand the link between 

the atomic mass unit (u) and the mass in gram within the context 

of the mole. 

 Learners meaningfully understand how relative atomic mass 

differs from molar mass 

 Learners understands that volumes of gases are affected 

by temperature and pressure because these factors affect 

the movement and arrangement of molecules in gases 

 Enable the learners to understand that at room 

temperature and pressure, and at standard temperature 

and pressure I mole (6.02 x 1023 molecules) of any gases 

occupies 24.4 dm3 and 22.4 dm3 respectively  

 These volumes are called molar volumes, 

 It enables learners to understand that gases have 

different molar masses and hence their masses are 

different despite the molar volumes having the same 

number of molecules,  

 Hence this makes them understand that the moles and 

volumes of gases at r.t.p and s.t.p can still be calculated 

using the mass of a given gas. 

 This gives the learners the understanding of the 

conceptual network of associations embedded in mole 

concept 
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PCK questions 

Underlying ideas/concepts under the mole concept 

E. The relationship among the mole (n), mass (m), 

number of particles (NA) and Volume (V) of gases 

F. Empirical formula 

1. What do you intend 

the    learners to learn 

about this  

idea/concept? 

 Molar mass is the mass of one mole of any substance thus it is 

measured in grams per mole (g/mol)  

 For an element the molar mass is the relative atomic mass of the atom 

of that element expressed in g/mol and this mass becomes the mass of 

6.02 x 1023 atoms of that element. 

  For molecules and compounds their molar masses are determined by 

expressing their relative molecular/ formula unit masses in g/mol and 

this becomes the mass of 6.02 x 1023 molecules or formula units of a 

compound or molecules of an element.  

 Given any mass of a substance (measured mass in grams) to 

determine the number of moles present in that mass we divide the 

mass per mole (molar mass) into the mass.                           
mass (g)

number of moles (n) = mol
molar mass (g/mol)

  

 

 Molar volume (dm3 /mol) is the volume occupied by any gas at r.t.p or 

s.t.p.  Given any volume of a gas at these conditions the number of 

moles is determined by dividing the volume occupied by one mole of 

a gas (molar volume) in a given volume  
3

3

volume (dm )
number of moles (n) = mol

molar volume (dm /mol) 
  

 

 

 

 

 Empirical formula shows the simplest ratio of atoms of elements 

present in a molecule and a formula unit of a compound 

 Fundamentally it gives the simplest mole of the elements present in 

a compound.  

  compounds are made up of masses of different elements. 

 The masses of elements in a compound are expressed as mass 

percent. Mass percentage is given by 

 

 
mass of an element in a compound(g)

×100 
mass of a compound(g)

 

Or  

 relative atomic mass of an element
×100

relative molecuar mass of a compound
 

 The mass percentages of all the elements in the compound adds up 

to 100% 

  Thus if we take 100g sample of a compound the masses of the     

  elements in grams are equal to their mass percentage.  

 This is why the percentage composition by mass of a compound is 

used to represent mass ratios in which elements combined in a 

given compound.      
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 One mole of any substance contains 6.02 x 1023  particles. We can 

therefore count the number of elementally particles indirectly in a 

measured mass in grams and volume of gases at r.t.p and s.t,p in dm3 

by first finding the number of moles. Then multiply the moles by the 

number of particles per mole (NA) (6.02 x 1023 particles/mole)  

                      NA = mole ×6.02 x 1023 particles/mol = particles. 

 

 

 Steps for determining the empirical formula 

1. convert percentages (x%) to mass  

x
mass = ×100g = x g

100
  

2. Find the moles of atoms of each element using 

mass (g)
number of moles (n) = mol

molar mass (g/mol)
  

 

3. Find the simplest mole ratios by dividing all the moles for 

each element by the smallest moles 

4. Round off all the answers to one decimal place. If among the 

answers, there some with .5 then you multiply all the ratios by 

a factor so that you obtain the whole number ratios. The mole 

ratios give us the empirical formula. 

2. Why is it important 

for learners to know 

this? 

 Learners to have a conceptual understanding of the meanings of 

association among the amount of substance(n), mass (m), 

volume(V) and number of particles (NA).    

 

 It equips the learners with conceptual tools to qualitatively and 

quantitatively interpreted the composition of compounds.  

 The above understanding of empirical formula equips the 

learners with the ability to determine the mass, moles and 

number of particles of each element in a given mass of a 

compound  

3. What else you might  

know about this idea 

that you don’t intend 

learners to know yet? 

 

 The association between the number of moles of electrons and the 

mass of the substances deposited at the electrodes during 

electrolysis.  

 

 

 Calculations of the relative atomic mass and identification of 

unknown element in a given composition mass percentages of a 

compound 
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4. What difficulties 

and   limitations 

connected with 

teaching of this  

      idea? 

 

 Making learners understand that, although they can observe 

elements and compounds at macroscopic level it is not possible to 

observe the elementary particles.   

 Learner find difficulty to simultaneously understand the meanings 

of the associations among amount of substance(n), mass(m), 

volume(V) and number of particles (NA), and that these quantities 

are at different levels of chemistry knowledge (macro, micro and 

representational) 

 Learners find difficult to link masses of gases measured at r.t,p and 

s.t.p to volume, moles and number of particles 

 

 

 Learner find difficulty to link empirical formula of a compound 

to moles ratios of the elements present in a compound. That is the 

association among amount of substance(n), mass(m), volume(V) 

and number of particles (NA). 

5. What do you  know 

about learners’ 

thinking that 

influences your 

teaching of  this idea? 

 

 Learners are attempted to think that the 6.02 x 1023  particles 

contained in one mole of a substance are tiny versions of pieces of 

elements and compounds. 

 Hence they may attribute the physical characteristics belonging to 

elements and compounds to elementary particles 

 

 Learners may literally think that in every sample of a compound 

the actual number of atoms of element are the ones represented 

by the empirical formula. Take for instance 2.00g of CaCl2. They 

may think that in this sample of calcium chloride there is  1 Ca 

atom and 2 Cl atoms 

 

6. What do you  know 

about  Learners 

difficulties in learning 

this idea? 

 Understanding the difference between relative atomic molecular 

mass and molar mass. 

 How to form correct associations among the macro, micro and 

symbolic knowledge levels. 

 Learners may be face difficulties to find the volume by given mass 

of a gas 

 

 Learners find it difficult to find the mass of an element whose 

mass percentage is not given  

 They find it difficult to link empirical formula to moles of atoms 

of elements in a compound 
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7.  What other factors 

that   influence your 

teaching   of this idea? 

 

 Multistage reasoning in problems involving may stages may pause 

a challenge to Learners  

 Learners perceive mole concept to be a difficult topic 

 Lack of chemicals, apparatus and equipment 

 

 

 Teachers content knowledge  

 Lack of chemicals, apparatus and equipment 

8. What teaching 

strategies do you use 

to teach this    

concept? 

 Show the learners different elements and compounds let say copper 

(Cu) and sodium chloride (NaCl) and ask learners to state their 

relative atomic and relative molecular masses 

 Explain that 63.55 the relative atomic mass for copper (Cu) is the 

convenient way of representing the masses of an individual Cu 

atom, and 58.44 the relative molecule mass it represents the mass of 

a formula unit of NaCl. 

 Give learners an activity to measure 63.55g of Cu and 58.44g of 

NaCl and explain that 63.55g is the mass of 6.02 x 1023  (one mole) 

of Cu atoms. 58.55g is the mass of 6.02 x 1023  (one mole) of NaCl 

formula units.  These particles cannot be seen because they at 

microscopic level. 

 Sate that these masses are called molar masses; the mass of one 

mole of any substances. Theoretically they are determined by 

expressing the relative atomic/molecular mass of a substance in 

grams per mol (g/mol)  

 Ask learners to measure any mass of Cu and NaCl and tell them to 

find the numbers of moles and the number of particles in those 

masses since they know the mass per mole of those substance 

 

 Prove learners with the following materials and apparatus; 

magnesium ribbons, tripled stand bursen burner, crucibles and 

beam balance. 

 Ask the learners to measure a specific mass of magnesium 

ribbon and heat the magnesium ribbons until the content of the 

crucible turned white. 

 Ask learners what happened to magnesium ribbons 

 Ask the learners to identify the product formed. And weigh its 

mass. (magnesium oxide)  

 Ask them to find mass of Mg and O and determine express these 

mass as percentages of the mass of the compound.   

 Using those percentages of Mg and O ask them to determine the 

mass of these element assuming that 100g of magnesium oxide 

was produced. 

 Discuss that the mass percentages of all elements in the 

compound adds up to 100 %. And if we take the mass of the 

compound to be 100g the actual masses of elements are equal to 

the mass percentages of elements.  

 Aske the leaners to find the moles of Mg and O  

Using 

mass (g)
number of moles (n) = mol

molar mass (g/mol)
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 Guide them to represent their reasoning as follows 

 

mass (g)
number of moles (n) = mol

molar mass (g/mol)
  

 Remind learners that it is wrong to use relative atomic 

mass/molecular mass in place of molar mass in the above formula 

because the two concepts are different if relative atomic mass is 

used the answer will be in grams because Ar or Mr has no units  

  

 Since they know the number of particles in one mole of any 

substance guide the to find the number of atoms of Cu and 

formula units of NaCl using  

           Particles = mole ×  NA  (6.02 x 1023 particles/mol) = particles. 

 It is important to specify the particles being sought in the formula 

 Remind the learners that 1 mole of any gas at room temperature 

and pressure, standard temperature and pressure occupy the 

following volumes; 24.4dm3 at r.t.p, and 22.4dm3 at s.t.p. These 

are molar volumes. Thus all these volumes contain  6.02 x 1023 

particles 

 Thus to find the number of moles in a given volume of any gas 

measured at these conditions we divide the appropriate molar 

volume in a given volume; presented as  

 
3

3

volume (dm )
number of moles (n) = mol

molar volume (dm /mol) 
  

 Remind the learners if the mass of a gas is given we use the molar 

mass of the molecule of that gas to find the number of moles 

 Then divide the number of moles of each element by the smallest 

number of moles between the two 

 Explain that the quotients have no units because the mol unit 

cancels, they are ratios in which the elements combined. And use 

the ratios to write the empirical formula. 

 Explain by making reference to MgO that in every formula unit 

of this compound there is one atom of Mg and one atom of O. In 

every mass of a sample of MgO Mg and O combine in the mole 

ratio 1:1 thus for every one mole of MgO there is 1 mole of Mg 

and 1 mole of O. 

 

 Define empirical formula as the formula that shows the simplest 

mole ratio in which the elements in a compound combines and it 

shows the number of atoms of elements in a molecule (formula 

unit) of a compound in their simplest whole number ratio.   
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9. Why do you use 

these strategies to 

engage learners  

    with the idea? 

 The learning process is effective and meaningful. 

 It gives learners an opportunity to manipulate the macroscopic 

concepts and explain them using microscopic and symbolic 

concepts 

 Hence they understand the meanings of the association between 

macroscopic concepts (elements and compounds) microscopic 

(atoms, molecules) and symbolic (chemical formulae, quantities, 

units) knowledge levels embedded in the conceptual network of the 

mole concept 

 It accords them an opportunity to take part in the construction of 

the meaning of the concept. 

 The learning process is effective and meaningful, learners 

have a conceptual understanding of the concept and 

appreciate the significance and application of the concept in 

reality.  

 It gives an opportunity to understand the meaning of mass 

percentage composition as a bridging concept in the 

determination of empirical formula 

 Learners understands the meaning of empirical formula in 

terms of mole ratios through experience 

 It accords them an opportunity to take part in the 

construction of the meaning of the concept. 
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PCK questions 

Underlying ideas/concepts under  the mole concept topic 

G. .Expression of the concentration of the solution  
H. Calculation of reacting quantities in chemical  

    reactions 

1. What do you intent 

your learners to know 

about this idea? 

 An aqueous solution is an homogenous solution in which ions of a 

solute are dissolved in water 

 The solution is made by dissolving a given mass of a solute in water. 

The solute ionises into ions  

 The mass and particles (ions in the solution) are linked through the 

mole concept 

 Thus the concertation of the ions in a solution is determined by 

finding the number of moles of a solute per litre or dm3 of a solution. 

This is called Molarity (M) of the solution. 

 

        
33

mole(mol) molMolarity =  = 
dmvolume(dm )

 

 

 Finding molarity means determine the number of the ions of a solute 

per litre.  

 It means that the more moles (ions) per litre the more concentrated the 

solution is  

 If we want to reduce the concentration of the solution, we add more 

water (solvent). This process is called dilution. 

 When we add more solvent the moles (particles) of a solute remain the 

same in the solution. Moles in an aqueous solution are determined by  

   

 

 

 Though we measure reactants as observable masses and volumes of 

substance taking part in a chemical reaction. Reactions takes place 

at atomic level. 

 The atoms of different elements tell us how different substances 

react 

 These particles of elements and compounds that we cannot see are 

presented by chemical symbols called chemical formula 

  The chemical formulae are used to represent a chemical reaction in 

form of a chemical equation. In general, a chemical equation is 

represented as follows  

           (s) (aq) (l) (g)
aA +  bB  cC + dD  

A and B are the chemical formulae of the reactants 

C and D are the chemical formulae of the products 

a, b, c and d are numbers used to balance the number of atoms in the 

reactants and products, they are stoichiometry coefficients and they 

represent the mole ratios in which reactants reacted and in which 

products were produced in relation to each reactant. The subscripts 

represent the state symbol of the substances; solid (s), aqueous 

solution(aq), liquid(l) and gas (g). 

 In a chemical reaction there is a reactant which limits the amount of 

the products and a reactant in excess that remains after the reaction is 

complete 

 A limiting reactant is the reactant that produces the least number of 

moles of the product. The number of moles of a limiting reactant are 

completely consumed causing the reaction to stop 
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 Number of moles = Molarity × Volume = M(mol/dm3) × V(dm3) 

                             = mol    

Since the moles of the solute remains the same after the dilution of a 

concentrated solution this principle is present as follows 

 M(concentrated) × V(concentrated) = M(diluted) × V(dilute) 

 

   This is called the dilution principle it guides in the dilution process of  

    the concentrated solutions.  

 We can easily determine the volume of the concentrated acid we need 

to dilute to obtain a give molarity and the volume of   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 If the limiting reactant is known we convert the quantity (mass, 

volume or concentration) of the reactant into number of moles and 

use the mole ratios of a balanced equation to determine the moles of 

moles of each product. then convert the moles to the appropriate 

quantity required 

 If the limiting reactant is not known convert the given quantities of 

reactants to moles. Then find out the moles of the product being 

sought that can be produced if each of the moles available reacted 

completely. The one that produces the least number of moles of the 

product is a limiting reactant. 

 When we calculate theoretically the quantities of reacting substances 

using a chemical equation we call it a theoretical yield and the 

amounts we obtain by actually conducting the reaction is called the 

actual yield 

 To see how effective, the reaction was we compare the actual and 

theoretical yield and express as percentage called the percentage yield 

of the reaction.  

 

Percentage yield =  
Actual yield

 × 100
Theoratical yield

 

 

 The percentage yield is always less than 100 % meaning we don’t 

obtain the actual yield which is equal to the theoretical (expected) 

because of the following reasons: incomplete reaction; errors in 

transferring reagents and taking measurements; contaminations due 

impurities in the reagents and not properly cleaned apparatus; 

reduced efficacy of reagents affected by the shelf’s life spawn.  
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2. Why is it important for 

learners to know this? 

 

 

 

 

 It helps learners to understand the meaning and significance of the mole 

concept in the chemistry of aqueous solutions 

 Learners understand that even in solution the mole concept is used in 

counting the number of particles of a solute in a solution indirectly 

using the mass even the volume (gas) of a solute. 

 It equips the learners with the conceptual tools to handle the calculations 

of quantities of reacting substances in aqueous solution. The amount of 

substance (solute) in a solution of a solvent is often expressed in terms of 

molarity. This knowledge is important for pupils to have. 

 

 

 

 Learners appreciates the link between the atomic theory and the 

mole concept 

 They understand that the chemical formula represents the 

microscopic particles of elements and compounds 

 Understands that chemical equations communicate the type and 

the quantities in which substances reacted and produced in a 

chemical reaction 
 Equips them with the conceptual tools to understand and solve 

stoichiometry problems.  

 

3. What else you might  

know about this idea  

that you don’t intend  

learners to know yet? 

 

 The expression of the concentration of the solution using mass 

percentage of the solute in the solution and  density of the solution. 

 

 The balancing of redox reactions in alkaline and acidic solutions. 

 Calculations of the amount of substance produces in electrolysis 

using the faraday’s law. 

4. What difficulties and 

limitations connected 

with teaching of this  

      idea? 

 

 To make learners understand the link between the mass of the solute 

and moles of that solute in a solution 

 

 

 

  Mole interpretation of the quantities taking part in a chemical 

reaction can be challenging to make learners understand  

 

 

5. What do you know 

about learners’ thinking 

that influences your 

teaching of this idea? 

 

 Learners tend to think that the mass of a solute increases the volume 

of the solvent (solution) 

 Learner are always attempted to express the concertation of the 

solution in mass of a solute per litre because it was the mass of the 

solute which was dissolved in the solution 

 Learners think that when you dilute the solution both the moles of 

the solute and the volume of the solvent increase 

 

 Learners think that stoichiometry is difficulty 

 Learners tend to think in terms of mass when solving stoichiometry 

problems 

 They thick that the atoms and molecules are the tiny versions of the 

elements and compounds 

 Thus the tend to think that chemical formula represent the tiny 

particles of elements and compounds 
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6. What do you know 

about  Learners 

difficulties in learning 

this idea? 

 

 Learners usually fail to understand that although we dissolve the mass 

of a solute in a solvent it’s important to convert the mass to moles and 

then divide the moles by the volume of the solvent to find the molarity 

of the solution. It is the moles that tells us the concentration of the 

particles (ions) in a litre of the solution 

 

 

 Challenges in writing and balance chemical equations 

 Challenges in interpreting the reacting substances in terms of 

mole ratios using a balanced chemical equation. 

 Learners find difficulty to understand the following bridging 

concepts; limiting and excess reactants, actual and theoretical 

yield and factors that affect the yield of a reaction.  

7.  What other factors 

that influence your 

teaching    of this idea? 

 

 

 The focus mastering of definitions and formulae in order to pass the 

examination  

 

 

 The focus on passing of examination  

 Lack of chemical and apparatus 

8. What teaching 

strategies do  you use to 

teach this  concept? 

 Provide learners with the following materials Sodium chloride, 

measuring cylinder, a beaker and water 

 Ask the learners to measure 10.00g of NaCl and dissolve it in 50 cm3 

of water.  

 Let them find the moles of NaCl in 10.00g of sodium chloride 

  Ask them to express 50 cm3 volume in dm3  

 Discuss with the learners how the moles dissolved in water can be per 

dm3 and guide them to come up with the following expression 

 3

33

moles of solute (mol) molmoles per dm (M) = =
dmvolume of the solution (dm )

 

 Explain that molarity (M) is the appropriate way of expressing the 

concentration of an aqueous solution. The number of moles gives us 

the number of particles (ions) of a solute per decimetre cubed of the 

solution. 

 Ask learners to explain why they add water to the juice they buy in 

shops before drinking. 

 Guide them to understand that juice is too suit to be taken like that 

they are very sweet because they are very concentrated. 

 Revise with the learners how to write chemical equations that 

represent various chemical reactions; writing correct formulae of 

reactants, stating the products of the reactions of various different 

types of substances, using appropriate state symbols and balancing 

the equation. 

   And discuss why we balance the chemical reaction; atoms in a 

chemical reaction are not destroyed or created but re arranged to 

form new substances thus we should haves the number of atoms in 

the reactants and products  

 This should be done through hands-on activities as illustrated   

Perform an experiment for preparation of carbon dioxide gas by 

reacting 2.00g of calcium carbonate with 25cm3 of 0.1 M 

hydrochloric acid (assuming that gas is collected at room 

temperature and pressure) 

 

 After carrying out the chemical reaction ask learners to write a 

balanced chemical reaction for the reaction 
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 When we put a certain volume of a concentrated juice in a glass and 

we add water to it we are reducing the concentration until we get the 

desired level of sweetness 

 

 Lead them to understand that by adding a certain volume of water to a 

certain volume of concentrated juice we increase the volume of the 

solution (the denominator) of the above expression, the moles of the 

solute, the flavor, (the numerator remains the same. This reduces the 

quotient, the concentration (sweetness) of the juice. Refer this 

reasoning to the salt solution.  

 Let say adding 10 cm3 to 50 cm3 salt solution increases the volume of 

the solution to 60 cm3 and the mole of NaCl remains the same, and 

hence the quotient the concentration will decrease. Explain this 

principle mathematically using the expression below 

 

    M(concentrated) × V(concentrated) = M(diluted) × V(dilute) 

 

The moles of the solute remains the same before and after the dilution    

 

 

3 2 2 2
CaCO (s) + 2HCl(aq)  CaCl (aq) + H O(l) + CO (g)  

 Then explains that the chemical equation is a representation of how 

the atoms of reactants were rearranged to form new substances and 

the mole ratios in which they reacted. 

 Ask them to find the moles of each reacted available from the 

quantities used. 

 

3

mass 2.00g
mole of CaCO = = = 0.02mol

molar mass 100.01g/mol
 

 

           moles of HCl = volume  Molarity   

                                  3 3
= 0.025dm  × 0.1mol/dm = 0.0025mol  

 Ask them to find the moles of CO2 that can be produced from each 

of these moles assuming they reacted completely 

 Explain that the stoichiometry coefficients link all the reactants and 

products as the mole ratios. NOT the actual number of moles  

 Mole ratios CaCO3 : CO2
 is 1:1 thus 0.02mol of CO2 could be 

produced 

 Mole ratio HCl : CO2 is 2:1 meaning for every 2 moles of HCl that 

reacted 1 mole of CO2 was produced  

     Moles of CO2 = 0.0025/2 = 0.00125 

 Explain that HCl was a limiting reactant because after 0.00125 

moles of CO2 were produced HCl moles available were completely 

consumed and the reaction stopped leaving some excess moles of 

CaCO3 unreacted.  
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  Explain that it’s like in the car factory you have four wheels and 

two car bodies are available. The number of wheels will determine 

the complete cars assembled and only one car will be assembled 

because a car needs four wheels Then ask them to calculate the 

volume and number of CO2        molecules  

   Volume of CO2 = mole × molar volume at r.t.p 

                             = 0.00125 mol × 24.4dm3/mol = 0.03dm3 (30cm3) 

  Number of molecules = moles ×number of molecules per mole 

                                     = 0.00125 mol × 6.02×1023 molecules/mol 

                                     =  7.53× 1020  CO2 molecules 

 Guide them to compare the actual volume of the gas collected and 

the theoretical and express the ratio as percentage yield. Explain that  

   0.03dm3 of CO2 is not the actual yield but theoretical (expected). The 

actual yield of this reaction is actually the volume of  CO2 that was 

produced in a chemical reaction. 

Then lead them to calculate the percentage yield 

Percentage yield =  
Actual yield

 × 100
Theoratical yield

 

  

Explain that they did not get 100% (the volume equal to the theoretical 

yield) because of the following reasons: incomplete reaction; errors in 

transferring reagents and taking measurements; contaminations due 

impurities in the reagents and not properly cleaned apparatus; reduced 

efficacy of reagents affected by the shelf ‘s life spawn.
 

 

9. Why do you use these 

strategies to engage 

learners with the idea? 

 

 The learning process is effective and meaningful. 

 It gives an opportunity to understand the meanings of concentration 

and the importance of expressing the concept using moles 

 The strategy relates the scientific understanding of the concept to 

learners’ experiences and accords them an opportunity to take part in 

the construction of the meaning of the concept. And form the correct 

associations between the three knowledge levels 

mass of solute (macroscopic) to number of ions per litre (microscopic) and 

representation of the solution using the formula of a solute with an 

appropriate state symbol and concentration units(symbolic) 

 
 

 It accords the learners to form correct and appropriate associations 

of the meanings among the three knowledge levels within the 

conceptual network of the mole concept through experience. 

 Learning is effective and meaningful in that the strategy allows 

learners to construct knowledge from experience. 
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APPENDIX 4: Chemistry 5070 and Science 5124 Syllabi 
 

TOPIC SUB TOPIC 
SPECIFIC 

OUTCOMES 

CONTENT 

KNOWLEDGE SKILLS VALUES 

  
11.5.4.2 Demonstrate the 

identity of gases. 

 

 Gases being ammonia, carbon 

dioxide, chlorine, hydrogen, 

oxygen and sulphur dioxide. Refer 

to Qualitative notes 

 Identifying gases 

 

 Appreciating different types 

of gases. 

 

11.6 THE 

MOLE 

CONCEPT 

 

 

 

 

 

 

 

 

 

11.6.1 Relative 

masses 

11.6.1.1   Describe Relative 

Atomic Mass and 

relative 

molecular mass. 

 

11.6.1.2Calculate the 

relative formula 

mass of a 

compound 

 RAM as relative mass of an 

element’s isotopes as compared to 

carbon-12 

RMM as relative mass of a molecule 

as compared to carbon-12 

 As the sum of the relative atomic 

masses of all the atoms in the 

compound. 

 Comparing the 

relative atomic masses 

and relative molecular 

masses 

Calculating relative 

molecular mass of 

compounds 

 Appreciating the relative 

atomic masses and the 

relative molecular masses 

11.6.2 The 

mole 

11.6.2.1   Describe a mole. 

11.6.2.2   Determine the 

physical masses 

(m) of any 

substance using 

the molar mass 

(Mr) and the 

physical volume 

(v) of any gas at 

r.t.p and vice 

versa. 

 As number or quantities of particles 

e.g. atoms, ions, molecules, electrons 

equivalent to 6.02 x 1023(Avogadro’s 

constant) 

 Apply n = m/Mr and  

           n =v/Vm 

where n = number of moles 

 

 Analysing chemical 

substances 

quantitatively 

 

 Applying mole concept 

 Asking questions to learn 

more 

 Awareness of the mole 

concept 

Fostering team work 
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TOPIC 
SUB 

TOPIC 
SPECIFIC OUTCOMES 

CONTENT 

KNOWLEDGE SKILLS VALUES 

  
11.6.2.3Describe the 

relationship of 

Avogadro’s law to 

reacting moles and 

volumes of gases at 

r.t.p and s.t.p. 

11.6.2.4Determine the 

concentration of a 

solution and apply 

dilution law. 

 

 As Molar gas volume 

(Vm) of any gas at rtp is 

24dm3 or 22.4 dm3 at stp. 

 

 Concentration as mol/dm3 

/ g/dm3. 

The number of moles of 

solute before dilution is 

the same as after dilution, 

M1V1 = M2V2. 

 Demonstrating 
acid-base titrations 

 Problem solving 
in mole concept 

 

 Applying mole 

concept 

 Asking questions to 

learn more 

 Awareness of the 

mole concept 

 Fostering team work 

11.6.2.5Illustrate calculations 

involving 

stoichiometric 

reacting moles and 

volumes of gases and 

solutions. 

 

 Using molar mass and 

molar volume of a gas 

using the mole concept. 

(Questions on gas laws 

and conversions of 

gaseous volumes to 

different temperatures and 

pressures will not be 

required). Proportional 

stoichiometric masses and 

the given quantities  

 Problem solving 
in mole concept 

 

 Applying mole 

concept 

 Asking questions to 

learn more 

 Awareness of the 

mole concept 

Fostering team work 
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TOPIC SUB TOPIC SPECIFIC OUTCOMES 
CONTENT 

KNOWLEDGE SKILLS VALUES 

  
11.6.2.6 Describe and 

calculate the 

percentage yield in a 

reaction and the  

percentage purity of a 

substance 

 

11.6.2.7 Determine limiting 

reagent in a given 

reaction 

 % yield as actual amount 

obtained divided by 

theoretical amount x 

100% 

% purity as amount of 

substance divided by total 

amount of the mixture x 

100% 

 Using proportional 

stoichiometric masses 

and the given quantities  

 Problem solving 
in mole concept 

 

 Applying mole 

concept 

 Asking questions to 

learn more 

 Awareness of the 

mole concept 

Fostering team work 

11.6.2.8 Demonstrate 

calculations 

involving different 

types of acid–base 

titration reactions. 

 The different types of 

acid–base titration 

reactions: Using titration 

law 

 

 Demonstrating 
acid-base titrations 

 

 Applying mole 

concept 

 Asking questions to 

learn more 

 Awareness of the 

mole concept 

Fostering team work 
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TOPIC SUB TOPIC SPECIFIC OUTCOMES 
CONTENT 

KNOWLEDGE SKILLS VALUES 

 
11.7.1 

Empirical and 

Molecular 

formulae 

11.7.1.1 Calculate the 

percentage 

composition of 

elements in a 

compound. 

11.7.1.2 Determine the 

empirical formulae 

of a compound 

given the molecular 

formula 

 

 Percentage composition of 

elements in a compound: 

As relative mass of 

element divided by 

relative formula mass of 

compound x 100% 

 The empirical formulae by 

using atom ratios 

 

 Appreciating 
chemical 

composition of 

substances 

 Applying chemical 

analysis 

 Fostering team 

work. 

 Asking more 

questions for better 

understanding. 

 

 Appreciating 
chemical composition 

of substances 

 Applying chemical 

analysis 

 Fostering team work. 

 Asking more 

questions for better 

understanding. 

 

 

11.7.1.3 Determine the 

empirical and 

molecular formulae 

using percentage 

composition or 

masses. 

 

 Empirical formula: By 

calculating the number of 

moles of each component 

then converts to the 

simplest mole ratios to get 

empirical formula. 

Molecular formulae as a 

multiple of empirical 

formula given the relative 

molecular mass. 

 M.F = (E.F)n,  

where n = RMM/REM 

 Appreciating 
chemical 

composition of 

substances 

 Applying chemical 

analysis 

 Fostering team 

work. 

 Asking more 

questions for better 

understanding. 

 

 Appreciating 
chemical composition 

of substances 

 Applying chemical 

analysis 

 Fostering team work. 

 Asking more 

questions for better 

understanding. 
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APPENDIX 5:  A Sample of grade 11 Chemistry Schemes of Work 
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APPENDIX 6: School Fieldwork Introductory Letter 
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APPENDIX 7: Ethical Clearance 
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APPENDIX 8:  Abstract of the Published Article 

 


