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ABSTRACT 
The purpose of the study was to investigate grade 11 learners’ problem solving skills and 

conceptual reasoning on concepts in stoichiometry. Two theoretical frameworks were used in 

this study namely, cognitive load theory (CLT) and typology of curriculum representation 

(levels of curriculum alignment). The explanatory sequential mixed method research design 

were applied where 410 physical sciences learners in their intact classes and eleven of their 

teachers participated in the study. The participants completed purposefully designed research 

instruments consisting of an achievement test (LAT), a teacher and a learner questionnaire 

(TSQ and LCQ), and a teacher lesson plan on stoichiometry-related concepts (TLP). Other 

instruments used include a semi-structured interview schedule (LIS), classroom observation 

schedule (COS) and learner work books (LWB). 

The study was underpinned by five research questions. Pearson correlations showed that the 

justifications given by learners for choosing right or wrong objective options were not due to 

chance and suggested a learner choosing the right objective option has the right conceptual 

reasoning. Findings indicate that there is a positive correlation between problem-solving skills 

and conceptual reasoning where conceptual reasoning statistically predicted learners’ problem-

solving skills using Regression. Problem solving is an important cognitive activity in everyday 

and professional contexts. Therefore, it requires teachers to know where to focus their teaching 

and how to assess learners’ work to avoid unnecessary overloading of the working memory of 

learners which might affect their performance. 

Conceptual reasoning and problem-solving errors were made during the problem solving, for 

example, learners could not apply mole ratio, they were unable to do change of subject and 

they interchanged the meanings of chemical terms such as mole, molecule, atoms and mass. In 

terms of possible reasons for the errors, and how it linked to the way learners were taught, the 

curriculum levels were considered. Findings indicate that there is a mismatch between what is 

expected in stoichiometry from the CAPS curriculum termed intended curriculum and the 

implemented curriculum which includes teacher lesson plans, classroom observations and 

learner workbooks.  

The classroom observations schedule was designed in line with the teacher lesson plan. There 

were topics planned in the lessons that were not found in the learner workbooks. The analysis 

of the content of learners’ workbooks for topics treated under stoichiometry, revealed that 

75.7% of concepts were being taught while 24.3% were not. The analysis showed that learners 
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experienced difficulties with calculating the concept of limiting reactant. There is a mismatch 

between implemented and attained curriculum as well. In the TSQ, teachers indicated that the 

errors were due to misconceptions, misunderstanding, carelessness and misinterpretation. 

These were found during marking of the learner achievement test.  

In conclusion, this study did not find a direct link between the way the learners were taught 

and the errors they committed during problem solving based on the implemented (TLP, LWB 

and  COS) and attained curriculum (LAT, LCQ, LIS and DoBE report) 
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DEFINITION OF OPERATIONAL TERMS FOR THIS STUDY  

Achievement test - a test designed to measure the knowledge or proficiency of an individual 

in something that has been learned or taught.  

Errors - it is mistakes found in learners’ scripts or workbooks that teachers come across when 

assessing and marking learners’ scripts on concepts in stoichiometry. For instance, 

misinterpretation of questions, inability to use correct method and misconceptions. 

Conceptual Reasoning – per definition, it refers to the learners ways of thinking that include 

solving a problem, analysing a problem, developing new ideas and reflecting on them. It is a 

thought that involves thinking in abstract as well as creative thinking and reflection. (Garfield 

& Ben‐Zvi, 2007). In other words, in this thesis, conceptual reasoning is the ability of a learner 

to reason through a problem and come up with a solution. With conceptual reasoning, learners 

are able to make connections between concepts in which Chemistry is portrayed or shown. 

Problem solving – problem solving is the means by which an individual use previously 

acquired knowledge, skills, and understanding to satisfy the demands of an unfamiliar situation. 

The learner must synthesize what he or she has learned and apply it to a new and different 

situation (Krulik, & Rudnick, 1989). Therefore, problem solving with respect to this research 

is being able to sequentially work through a given problem piece by piece to its logical 

conclusion. 

Physical Sciences - In South Africa, Physical Sciences commence in Grade 10 and ends in 

Grade 12 and the content is prescribed in the National Curriculum Statement, now Curriculum 

and Assessment Policy Statement. The subject Physical Sciences combines Chemistry and 

Physics.   

Stoichiometry - it is defined as the branch of Chemistry in which arithmetical chemistry 

concept is used to establish how much product can be produced from a known quantity of 

reactant (Kemner, 2007). The concepts in stoichiometry for this study are Mole concepts; 

Molar volume of gases; Concentration of solutions; Limiting reactants; Volume relationships 

in gaseous reactions; Percentage compositions of compounds; Percentage yields of chemical 

reactions; Empirical and molecular formulae and types of Reactions like acid-base and redox 

reactions; oxidation numbers as well as stoichiometric calculations. 

Teachers’ teaching approach - it is the way a teacher decides to approach his/her teaching in 

the classroom daily. The teachers’ teaching approach is also known as teaching style.
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CHAPTER ONE 

1. INTRODUCTION 

1.1 Preamble 

This chapter introduces the study. It proceeds with the background of the study and a rationale 

for conducting such a research is provided. This is followed by stating the aim and context of 

the study. Indicated in this chapter are the five research questions that have been formulated to 

guide this study as well as the possible significance of this study. Definitions of the main terms 

or concepts that are used in this thesis are provided on the previous page before the 

commencement of this chapter. 

 

1.2 Introduction to the study 

A great deal of work on learners’ misconceptions involving chemical phenomena has been 

conducted worldwide. Many researchers have analysed learners’ conceptions and 

misconceptions in Chemistry and found that learners hold numerous misconceptions and 

alternative conceptions about Chemistry (see for example, Gabel & Bunce, 1994; Nakhleh, 

1992;  Bowen & Bunce, 1997; Gultepe, Celik, & Kilic, 2013; Stavy, 1995).  

Misconceptions or alternative conceptions influence how learners learn new concepts and this 

can hinder learners’ acquisition of the right knowledge (Özmen, 2008).  Some researchers 

prefer the term misconceptions (Nakhleh, 1992) and some others alternative conceptions (Kurt, 

Ekici, Aktaş,  & Aksu, 2013). This research would make use of the term misconceptions and 

not alternative conceptions, but the focus of this study is rather on learners’ problem-solving 

skills and their conceptual reasoning. 

In the same vein, there are works done on problem solving and conceptual understanding in 

Chemistry Chiu, (2001); Sanger, (2005); Carson, (2007); Gultepe et al., (2013); Mandina & 

Ochonogor, (2017); Nakhleh & Mitchell, (1993). Some other studies looked at problem solving 

and conceptual understanding in relation to the topic stoichiometry (Huddle & Pillay, 1996; 

Boujaoude  & Barakat, 2000; Schmidt & Jignéus, 2003; Dahsah & Coll, 2007; Hanson, 2016 

and  Mandina & Ochonogor, 2017).  

The focus of these mentioned studies were not on learners’ conceptual reasoning and how it 

imparts learners’ problem-solving skills, the focus was on learners understanding of concepts 
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taught. Detailed elaboration of the above assertion has been done under literature review in 

section 2.2.  

Furthermore, studies on learners’ understanding of science concepts, have revealed that 

learners have poor comprehension of science concepts (Sesen, 2013). A possible way to 

address this need (learners understanding) is for learners to have good conceptual reasoning 

and adequate problem solving skills in order to perform better (Kurt et al, 2013).  

This study looked at conceptual reasoning as the process of applying logical thinking to a 

situation or a question to achieve the correct result, and problem solving is looked at as the 

strategy applied to a given question and using the strategy to bring about a solution.  If the 

current research shows that conceptual reasoning can statistically significantly predict learners’ 

problem-solving skills, then it supposes that teachers must focus more on making learners 

comprehend concepts better and solve problems in a sequential manner showing all details as 

much as possible. Thereby facilitating conceptual understanding and reasoning to improve 

learner performance as a result of teachers using systematic methods of teaching problem 

solving skills thus creating scientific literate citizens (Chirinda, 2013).  

Learners will then have to allow themselves to be taught to comprehend concepts better and 

solve problems in a sequential manner showing all details. Which implies that learners will 

benefit from studying and hence achieve more due to improved teaching that will promote 

conceptual reasoning and reduce misconceptions (Onwu & Randall, 2006).  

This study will therefore attempt to bridge the knowledge gap and present a baseline data upon 

which further studies on stoichiometry, problem solving skills and learners’ conceptual 

reasoning could be done.  

Stoichiometry as a section of Chemistry known as Physical sciences cut across the Further 

Education Training (FET-phase). The FET-phase include grade 10 – 12 in South Africa 

curriculum. The sections or topics on stoichiometry-related concepts are in line with the South 

African high school syllabus (CAPS) and generally so, globally (see section 1.3).  
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1.3 Background to the study 

Problem solving has been widely investigated by educational researchers in an effort to help 

learners improve their problem solving skills (Tigere, 2014). According to Hanson, (2016)  

assessments have shown that there is a considerable gap between learners’ ability to solve 

stoichiometry questions that should be answered by applying a set procedure to generate a 

response and their comprehension of chemical concepts.  

Mathematical chemistry concerns itself mainly with the mathematical demonstration of 

chemical phenomena. For example, where learners apply mathematical skills to solve 

chemistry problems. For instance, using simple ratio to calculate moles, mass or quantities of 

substances. Stoichiometry according to Kemner, (2007) is the branch of Chemistry in which 

mathematical chemistry concepts is used to establish how much product can be produced from 

a known quantity of reactant.  

The writing of chemical symbols, formulae and equations are some of the exercises which 

provide challenges to learners. Chemical symbols, formulae and equations are essential to the 

Chemist because they represent information which would have needed many words. This 

research is to study the conceptual reasoning and the problem solving skills needed to solve 

stoichiometry questions and conceptual reasoning on stoichiometry and its related concepts in 

order to identify the gap talked about by (Hanson, 2016) above.  

From the National Senior Certificate diagnostic report DoBE, (2017), Table 1.1 below shows 

the summary of the average marks per question expressed as percentage in five years period 

according to the NSC diagnostic reports. The sections of concerned to this research has been 

highlighted in the table. 

Table 1.1 
A summary of average marks per question in percentage from 2014-2018 

QUESTION 

NUMBER 

Title of the Section in Chemistry  

paper two 

PERCENTAGE PER YEAR 

2014 2015 2016 2017 2018 

1 Multiple Choice Question 52 45 50 46 54 

2 Organic Nomenclature 65 64 66 62 48 

3 Physical Properties of Organic Compounds 47 55 48 28 53 

4 Organic Reactions 61 36 41 51 49 

5 Reaction Rate and Stoichiometry 36 35 39 35 48 

6 Chemical Equilibrium 43 40 33 50 43 

7 Acids and Bases 48 34 29 43 44 

8 Galvanic Cell 45 46 47 53 46 

9 Electrolytic Cell 33 35 35 35 45 

10 Fertilisers 58 50 34 49 39 
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Also as quoted in section 1.4 under the rationale of the study, overview of learner performance 

in Physical Sciences paper two for grade 12 showed that stoichiometric calculations were 

poorly answered in questions 5, 9, 7 and 6 in that order. Although most candidates could select 

the correct formula, they often failed to work with correct mole ratio. According to the 

diagnostic report, “The inability of candidates to answer questions which were somewhat 

“outside the box”, although not difficult, is worrisome, as it points to a serious flaw in the 

thinking skills of candidates” (DoBE, 2013).  

Below is a graph on the percentage of candidates who answered the various questions and the 

titles of the different questions in paper two.  

Figure 1:1 Graph of analysis for Average marks per question expressed as percentages. 

Source: N. S. C. Diagnostic Report, 2017; Learner performance in individual questions. 

From the above graph (figure 1.1) candidates performed poorly in questions five, six and seven 

which have their genesis from stoichiometry (from grade 10 and 11) as clearly shown and so 

this study focuses on question five (Reaction rate), followed by six (Chemical equilibrium) and 

seven (Acids and bases). The researcher’s line of argument is to investigate grade 11 learners’ 

problem-solving skills and conceptual reasoning on concepts in stoichiometry. These concepts 

demand adequate conceptual reasoning and good problem solving skills from grade ten and 

eleven which will aid future studies both in grade twelve and beyond. Therefore, learners need 

to master stoichiometry in grade 11 before entering grade 12, since these three questions have 

direct bearing on stoichiometry and its related concepts (see table 1.1). This calls for the need 

for the current study on learners’ problem-solving skills and conceptual reasoning.   
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Table 1.2 shows the general performance trends from 2014–2018. The general performance 

trends reflect a decline from 2014, in comparison to 2015 both in terms of the percentage of 

people that achieved 30% and above as well as the percentage that achieved 40% and above. It 

was noted that the number of candidates that are writing the subject Physical Sciences 

decreased by 20 391 from 2016 to 2018. However, the number of candidates who passed at the 

30% level increased by 12.2 percentage points and those who passed at the 40% level also 

increased by 9.2 percentage points between 2016 and 2018 (DoBE, 2018a).  

Nevertheless, there is still room for improvement in the performance of the candidates to 

overcome the challenges surrounding problem-solving skills, mathematical skills, conceptual 

understanding and integration of topics (National Research Council, 2001). In this respect, 

problem solving should be integrated into teaching and learning. Find below the table showing 

the overall achievements of learners in Physical Sciences from the year 2014 to 2018.  

 

Table 1.2 

Overall achievements in Physical Sciences from 2014 – 2018 

Year No. Wrote No. achieved 

at 30% and 

above 

% achieved 

at 30% and 

above 

No. achieved 

at 40% and 

above 

% achieved at 

40% and 

above 

2014 167 997 103 348 61.5 62 032 36.9 

2015 193 189 113 121 58.6 69 699 36.1 

2016 192 710 119 467 62.0 76 068 39.5 

2017 179 561 116 862 65.1 75 736 42.2 

2018 172 319 127919 74.2 84 002 48.7 

Source: National Senior Certificate Diagnostic Report, 2018. 

Stoichiometry in the South African curriculum has a weighting of 46.7% according to the 

Curriculum and Assessment Policy Statement (CAPS) document for Physical Sciences in terms 

of the content for the grade 11 end of year examination, thus 70 out of 150 marks (DoBE, 

2011). It shows how vital stoichiometry and its related concepts are. When the grade 11 

learners, proceed to grade 12, the weighting of stoichiometry increases to 56% (84 out of 150 

marks), according to the CAPS document.  

The time allocated for Chemical Change for that reason concepts in stoichiometry in grade 11 

is 18 hours which, is substantial compared to the other topics. Part of the knowledge area Matter 
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and Materials as it is referred to by the CAPS document also borders on stoichiometric 

calculations because aspects of matter and materials deals with the topic, Ideal gas equation 

(pV = nRT). Find below a table showing an overview of the stoichiometric related topics as 

prescribed by the CAPS document from grades 10 – 12 in the FET-phase (DoBE, 2011) .  

Prior to grade 12, learners are introduced to stoichiometry during the second quarter of grade 

10 and are taught mole concept, molecular masses and formula masses, determination of 

composition of substances, amounts of substances, percentage yield which are the basic 

calculations in stoichiometry (see table 1.3).  

The grade 11 learners are taught stoichiometry in the second quarter of the year and during that 

time they are taught concepts such as Mole concepts; Molar volume of gases; Concentration 

of solutions; Limiting reactants; Volume relationships in gaseous reactions; Percentage 

compositions of compounds; Percentage yields of chemical reactions; Empirical and molecular 

formulae and types of Reactions like acid-base and redox reactions; oxidation numbers,  and 

then more complex stoichiometric calculations (DoBE, 2011).  

In Grade 12, the learners use the mole concepts and concentration knowledge learnt in grades 

10 and 11 to calculate equilibrium constants and pH-values in Acids and Bases. They also use 

the equilibrium constants in calculating amounts of reactants and products in chemical 

reactions. They equally need the knowledge of stoichiometry to understand and do titrations 

and to solve titration questions.  

Therefore, this study is to investigate grade 11 learners’ problem-solving skills and conceptual 

reasoning on stoichiometry and its related concepts to be able to establish the relationship 

between problem solving skills and conceptual reasoning on stoichiometry.  
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Table 1.1 

 Overview of Stoichiometric Topics across grades 10 - 12 

KNOWLEDGE 

AREA 

GRADES CONTENT APPLICATIONS 

 

 

 

 

 

 

 

 

 

 

 

 

CHEMICAL 

CHANGE 

 

 

 

 

 

10 

Physical and chemical change (separation 

by physical means; separation by 

chemical means; conservation of atoms 

and mass; law of constant composition). 

Representing chemical change (balanced 

chemical equations).  

Reactions in aqueous solution (ions in 

aqueous solutions; ion interaction; 

electrolytes; conductivity; precipitation; 

chemical reactions).  

Stoichiometry (mole concept). 

Perform basic 

stoichiometric 

calculations based on 

balanced equations. 

These may include 

calculations based on 

concentration, mass, 

moles, molar mass, 

number of particles 

and volume. 

 

 

 

 

 

 

 

11 

Stoichiometry (molar volume of gases; 

concentration; limiting reactants; volume 

relationships in gaseous reactions).  

Energy and chemical change (energy 

changes related to bond energy; 

exothermic and endothermic reactions; 

activation energy).  

Types of reactions (acid-base; redox 

reactions; oxidation numbers 

Perform more 

stoichiometric 

calculations of: 

Balanced equations 

include limiting 

reactants. 

Determine the 

percentage yield of a 

chemical reaction: 

CaCO3 in an impure 

sample of seashells 

(purity or % 

composition) 

Calculate: 

Empirical formula 

Molecular formula of 

compounds 

 

 

 

 

 

12 

Reaction rate (factors affecting rate; 

measuring rate; mechanism of reaction 

and of catalysis). 

Chemical equilibrium (factors affecting 

equilibrium; equilibrium constant; 

application of equilibrium principles).  

Acids and bases (reactions; titrations, pH, 

salt hydrolysis). 

Electrochemical reactions (electrolytic 

and galvanic cells; relation of current and 

potential to rate and equilibrium; 

standard electrode potentials; oxidation 

and reduction half reaction and cell 

reactions; oxidation numbers; application 

of redox reactions).  

Perform more 

complex 

stoichiometric 

calculations based 

on titrations of a 

strong acid with a 

strong base, a 

strong acid with a 

weak base and a 

weak acid with a 

strong base. 

Calculations may 

include percentage 

purity, K
c 
values 

and pH values.  
 

 

Source: Curriculum and Assessment Policy Statement, 2011. 
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1.4 Rationale of the study 

Questions on Physical properties of Organic compound, Reaction rate, Electrolytic cells, 

Chemical equilibrium and Acids and bases (questions 3, 5, 9, 7 and 6), were poorly answered 

by candidates (see section 1.3 above). Candidates found the questions challenging and could 

not even answer questions that required explanations properly (DoE, 2017). Most candidates 

were unable to perform stoichiometric calculations correctly as stated in national senior 

certificate examination report (DoE, 2014). Which could mean that stoichiometry is a huge 

problem in most schools.  

This implies teachers must ensure that learners are proficient in understanding and performing 

these calculations. As a result, the outcome of this study will highlight the necessity of 

conceptual reasoning, and efficient and meaningful problem-solving skills for success in 

solving problems in Chemistry.  

Year in year out, the National Senior Certificate (NSC) diagnostic report shows that there is a 

low performance in topics that has direct link to stoichiometry (DoE, 2014). These topics 

include Rates of reaction, Chemical equilibrium and Acids and Bases (refer to table 1.1 in 

section 1.3). Meanwhile, stoichiometry is done right from the lower grades until grade twelve. 

This situation is the one that caught the attention of the researcher.  

Again, one of the reasons for the researcher settling on the topic stoichiometry is due to its 

highly abstract and dominant problem-solving nature (Boujaoude & Barakat, 2000). Such a 

topic will require much conceptual reasoning from Chemistry learners (Cracolice, Deming & 

Ehlert, 2008). Hence, this study sought to investigate grade 11 learners’ problem-solving skills 

and conceptual reasoning on stoichiometry and the mole concepts.  

 

1.5 Context of the study 

This study was conducted in the Republic of South Africa (RSA), Gauteng Province, which is 

the capital province, with the smallest land size but the largest population. Gauteng Province 

is chosen over other provinces because nationally it is doing well in Physical Sciences, 

according to National Senior Certificate Technical Report (DoBE, 2018). The candidates 

achieving distinctions over 80% in Physical Sciences from 2016 to 2018 increased marginally 

from 3.7% to 4.7% of the total candidates who took the NSC final exams. Considering 

candidates’ performance in selected subjects at 30% and 40% levels from 2015 to 2018 reveals 
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that Physical Sciences is not doing too bad amongst some of the other subjects. Tables 1.4 

shows the candidates’ performance in selected subjects at 30% and 40% levels.   

  
Table 1.4 

Candidates’ Performance in Selected Subjects, 2014-2018 (at 30% & 40% levels) 

  AT 30% LEVEL  AT 40% LEVEL 

 

Subjects 2
0
1
4
 

2
0
1
5
 

2
0
1
6
 

2
0
1
7
 

2
0
1
8
 

2
0
1
4
 

2
0
1
5
 

2
0
1
6
 

2
0
1
7
 

2
0
1
8
 

Accounting 68.0 59.6 69.5 66.1 72.5 44.3 36.2 44.9 42.6 48.6 

Agricultural 

Sciences 

82.6 76.9 75.4 70.4 69.9 52.9 45.0 44.5 39.9 41.8 

Business 

Studies 

77.9 75.7 73.7 68.0 64.9 53.8 51.4 49.5 42.7 40.1 

Economics 68.9 68.2 65.3 71.0 73.3 38.8 39.1 36.4 42.7 44.8 

Geography 81.3 77.0 76.5 76.9 74.2 82.8 81.5 82.5 83.1 82.1 

History 86.3 84.0 84.0 86.0 89.7 54.0 50.4 48.1 50.1 46.7 

Life 

Orientation 

99.6 99.7 99.7 99.8 99.7 66.5 63.2 64.3 67.5 72.6 

Life Sciences 73.8 70.4 70.5 74.4 76.3 48.9 46.0 45.2 52.1 51.7 

Mathematical 

Literacy 

84.1 71.4 71.3 73.9 72.5 59.5 44.3 46.4 45.0 45.4 

Mathematics  53.5 49.1 51.1 51.9 58.0 35.1 31.9 33.5 35.1 37.1 

Physical 

Science 

61.5 58.6 62.0 65.1 74.2 36.9 36.1 39.5 42.2 48.7 

Source: National Senior Certificate Examination Technical Report, 2018. 

 

 

Narrowing the Physical Sciences performance down to provincial level, the comparison of 

candidates’ performance in Physical Sciences by province and level of achievement (DoE, 

2018) showed that the percentage pass in Gauteng is encouraging compare to most of the other 

provinces (table 1.5). From the table 1.5, Gauteng in 2015 and 2017 was at third position 

provincially in Physical Sciences with 67.7% and 70.4% respectively. In 2018, Gauteng 

became first with 83.5% provincially as far as Physical Science is concerned out of the nine 

provinces.  

For the four consecutive years (2015 – 2018) Gauteng’s percentages in Physical Sciences 

supersedes that of the national percentage averages. The learners may have the necessary 

conceptual understanding and problem solving skills to enable them to reason about 

stoichiometry concepts and perform better in this section since there is an indication that 
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Gauteng province is doing well compared to the other provinces. However, it was still decided 

to choose Gauteng, rather than choosing a province which is performing woefully low, as in 

these provinces there might be other barriers such as English language usage, inadequate 

Science resources and personnel to name but a few.  

 

Table 1.5                                                                                                                                                                        

Comparison of candidates’ performance at 30% and above in Physical Sciences by 

province, 2015 to 2018 

PHYSICAL SCIENCES 

  

P
R

O
V
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C

E
 

2015 2016 2017 2018 

 T
O
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A

L
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O
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%
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 T
O
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A

L
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%
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v
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A
t 

3
0
%

 &
 A

b
o
v
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EASTERN CAPE 27 749 45.9 27 574 49.6 24 805 57.3 24 939 66.5 

FREE STATE 9 628 69.7 8 436 75.5 8 031 77.0 7 876 81.7 

GAUTENG 30 548 67.7 32 001 68.5 29 178 70.4 26 763 83.5 

KWAZULUNATAL 50 163 51.8 48 394 57.8 43 005 65.1 40 643 73.6 

LIMPOPO 33 680 59.6 34 969 62.3 33 584 63.2 31 717 71.8 

MPUMALANGA 17 528 62.6 18 917 63.6 19 306 61.6 20 387 70.2 

NORTH WEST 9 000 62.0 8 605 69.6 8 451 64.3 7 348 78.6 

NORTHERN CAPE 2 777 54.3 2 558 57.4 2 344 56.8 2 259 66.9 

WESTERN CAPE 12 026 73.3 11 164 73.8 10 857 74.0 10 387 79.5 

NATIONAL 193189 58.6 192618 62.0 179561 65.1 172319 74.2 
 

Source: National Senior Certificate Examination Report, 2018 

More specifically the study focused on grade 11 Physical Sciences learners in public secondary 

schools in the Tshwane North district. Grade 11 was the most preferred because it is in this 

grade that more complex stoichiometric calculations (DoBE, 2011) is required. At grade 10, it 

is basic stoichiometric calculations that is required (see table 1.3). According to the GDE 

regulations, grade 12s are not allowed to be used for research studies or purposes hence grade 

12 was not chosen for this study. The research focused on grade 11 learners’ problem-solving 

skills and conceptual reasoning on stoichiometry and its related concepts.  

 

 

1.6 Aim of the study 

The aim of the study is to investigate grade 11 learners’ problem-solving skills and conceptual 

reasoning on concepts in stoichiometry as stated in the introduction. Subsequently, the 

following were the objectives that guided the study: 
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 To investigate the relation between problem solving skills and conceptual reasoning. 

 To establish common conceptual reasoning and problem-solving errors learners make 

and possible reasons for the errors. 

 To establish if there is a possible link between how learners are taught and the 

conceptual reasoning and problem-solving errors they make when solving problems on 

stoichiometry. 

 

1.7 Research questions  

The following research questions were investigated in the study: 

Three research questions (1, 2 and 3) addressed the first aim: To investigate the relation 

between problem solving skills and conceptual reasoning and how one could predict the other. 

Research question four addressed the second aim: To establish conceptual reasoning and 

problem-solving errors learners make and possible reasons for the errors when grade 11 

learners solve stoichiometric problems. The final research question addressed the last aim: To 

establish a possible link between how learners are taught and the conceptual reasoning and 

problem-solving errors when solving problems on stoichiometry. 

The research questions are as follows: 

1. Are learners’ choices of their objective options in the learner achievement test due to chance 

or based on their conceptual reasoning? 

2. Is there a statistical relationship between problem solving skills and conceptual reasoning in 

stoichiometry?  

3. Does learner’s conceptual reasoning significantly predict learners’ problem-solving skills?  

4. What are the common conceptual reasoning and problem-solving errors learners make when 

solving stoichiometry problems and the possible reasons for the errors?  

5. Is there a link, between the way learners are taught and the conceptual reasoning and 

problem-solving errors they make when solving stoichiometry problems? 

 

 



12 
 

1.8 Hypothesis  
The first three research questions that investigated the relationship between problem solving 

and conceptual reasoning have hypotheses. The remaining questions do not have any 

hypothesis because they were more non-statistical in nature. Null hypothesis and not an 

alternative hypothesis was used in this study. The researcher assumed that the relationship 

between conceptual reasoning and problem solving skills may have occurred by chance. 

Statistical tests were run to prove that outcomes were not supported by the researcher’s own 

opinion. The null hypotheses for the study are as follows: 

1H0: There is no relationship between a learner choosing the right objective option and the right 

conceptual reasoning. 

2H0: There is no relationship between learners’ problem-solving skills and their conceptual      

reasoning. 

3H0: There is no statistically significant relationship between learners’ problem-solving skills 

and their conceptual reasoning in stoichiometry. 

 

1.9 Significance of the study 

It is hoped that the study should be of much benefit to curriculum planners or designers, 

Chemistry and Physical science teachers and learners (Dhlamini, 2012). The positive outcomes 

from this study would have highlighted the need for curriculum developers to include problem 

solving skills in the curriculum to further enhance performance in Physical Sciences.  

The outcome of this study may influence teacher-training programs in the future, and it can 

help develop in-service training programs for already serving teachers by curriculum planners. 

Also, more attention towards ensuring the use of problem-solving skills and conceptual 

reasoning on stoichiometry and its related concepts will be encouraged.  

Depending on the outcome of this study, all the stakeholders in education mentioned above 

will look at the role that problem-solving skills and conceptual reasoning of learners play 

differently. 
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1.10 Overview 

In the chapter, the entire organisation of the study was presented. The introduction, background 

of the study, the context, the rationale, the research questions and their hypothesis, as well as 

the aim of the study were all addressed. The significance of the study was also discussed. 
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CHAPTER TWO 

2. LITERATURE REVIEW  

2.1 Preamble 

This chapter presents the literature that informed this study. The literature that were reviewed 

for this research work are firstly, a review of literature on stoichiometry, Problem-solving and 

Conceptual reasoning. Secondly, the Conceptualized framework of Problem-Solving Skills and 

Conceptual reasoning is discussed. Thirdly, the theoretical frameworks, focussing on the 

teaching and learning of the topic are discussed. 

 

2.2 Stoichiometry 

Stoichiometry comes from a Greek term ‘Stoikheion’ which means element and an English 

suffix – ‘metry’ meaning to measure. As defined under the section of operational definition of 

terms, stoichiometry is the branch of Chemistry in which arithmetical chemistry concept is 

used to establish how much product can be produced from a known quantity of reactant 

(Kemner, 2007). In other words it involves measuring the quantity of a substance, that is, 

evaluating quantitative measurements connected to chemical compounds and reactions 

(Mwene, 2015). Stoichiometry is the branch of Physical Sciences in the South African 

curriculum that deals with the quantitative aspects of chemical change from grade 10 to 12 

(Ndlovu, 2017).  

Stoichiometry and its related concepts are an imperative part of Chemistry learning. Thus, 

concepts in stoichiometry are fundamental concepts in quantitative Chemistry (Dahsah & Coll, 

2007). Teaching stoichiometry is commonly aimed at developing learners’ conceptual 

reasoning of the underlying concepts and their ability to solve stoichiometric problems (Packer, 

1988). If the above is achieved then the learners who produce the correct numerical answer 

may be deemed to have comprehend the underlying concepts (Kinchin, Hay, & Adams, 2000) 

and (Sawrey, 1990 ). 

 

2.2.1 Background to Conceptual Reasoning 

For most of the concepts being taught, learners already have an assumption or misconception 

which can hinder the actual concept (Zukswert, Barker & McDonnell, 2019). Research 

suggests that learners usually hold misconceptions for stoichiometry concepts and they often 
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resort to the use of procedures to solving stoichiometry problems (Treagust, & Chittleborough, 

2001). However, when learners solve problems using memorized procedures, they do not 

necessarily understand the chemical concepts behind these procedures (Nyachwaya,  Warfa, 

Roehrig, & Schneider, 2014).  

For learning to take place, teachers should be able to change learners’ conceptual reasoning 

which is the aim of every science teacher (Vasniadou & Ioannides, 1998). Therefore, teachers 

should endeavour to familiarise themselves with previous knowledge of learners’ conceptions 

including learners’ misconceptions to help them develop effective instructions (Tomlinson, 

2014). 

Most researchers believe meaningful conception takes place from within and for some 

researchers, the way that learning sharpens perception is particularly important (Ellis & 

Goodyear, 2016). Therefore, learners should be encouraged to learn meaningfully so that their 

retrieval of knowledge during problem solving would not be a difficult task. To facilitate 

conceptual reasoning among learners during instruction teachers should ensure to make 

learners aware of things that can constrain them from understanding. Teachers must also 

provide meaningful explanation to change the learners’ misconceptions (Adesoji & Omilani, 

2012). To encourage this meaningful learning which the current researcher perceives can 

promote conceptual reasoning leading to good problem solving skills, a study on ‘A 

comparison of secondary schools learners’ level of conception of qualitative and quantitative 

inorganic analysis conducted by Adesoji & Omilani, (2012) was reviewed. In the context of 

the above study, quantitative analysis involved acid-base titrations and qualitative analysis 

involves the identification of given chemical substances. The quantitative and the qualitative 

analysis are done by learners during Chemistry practical work.  

This study conducted in Nigeria formulated two tier multiple choice questions to assess the 

levels of conception of learners in qualitative and quantitative inorganic analysis. The 

population consisted of all final year senior secondary school learners in Ibadan south-west 

local government area of Oyo state, Nigeria. The results showed that there was a significant 

difference in the three levels of conception by this secondary school learners in Chemistry. 

More learners were discovered to be at the macroscopic level (63.6%) which was the farthest 

from the meaningful learning of the concepts, very few were at the submicroscopic (29%) and 

symbolic levels (12.4%) of conception which was the closest to the meaning of those concepts 

in qualitative and quantitative analysis.  Since they looked at learners’ conception at the 
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macroscopic, submicroscopic and symbolic levels with the focus of finding out learners’ level 

of meaningful representation of facts and left it at that. The current study wants to see if the 

learners having much conception at the macroscopic level and hence not having much 

conception at the submicroscopic and symbolic levels can affect the learners’ problem solving 

skills. 

According to Amponsah, Kotoka, Beccles & Dlamini, (2018) learners should be encouraged 

to sometimes do collaborative learning as collaboration amongst learners contribute to 

meaningful learning, which could improve learners’ conceptual reasoning and achievement in 

stoichiometric concepts. Their study investigated the ‘Effectiveness of collaboration on low 

and high achieving school learners’ comprehension of Electrochemistry in the Ximhungwe 

circuit of the Bohlabela district in the Mpumalanga province of South Africa. The sample was 

made up of purposively selected 47 grade 12 Physical sciences learners from two public 

schools (a high achieving and the other is low achieving) in the circuit. After a pre-test and a 

post-test using electrochemistry concept test (ECT), they found out that collaboration 

contributed to meaningful learning, which ultimately improves learners’ comprehension and 

consequently achievement in electrochemistry concepts. This finding was even more 

prominent in the learners from the high achieving school due to learners’ conceptual reasoning.    

Learning should be built from the known knowledge to the unknown (Ally, 2004). This will 

make it possible for learners be able to use their previous knowledge acquired to resolve a new 

situation or to deal with even unfamiliar situations when the need arise. But research has shown 

that learners have great difficulty relating what they have learnt to what they are currently being 

taught (Onwu & Randall, 2006). As part of a cross-cultural study that investigated learners’ 

understanding of a particulate model used for relating submicroscopic entities and processes to 

macroscopic events in Chemistry, Onwu and Randall, (2006) selected secondary school science 

learners in Nigeria (Grade 10; n = 224) and in Japan (Grade 12; n = 72) and later, first year 

preservice university science teachers (n = 27) in South Africa. These learners were presented 

with several test items in which they were required to use the particle model to infer the 

macroscopic chemical events they are meant to depict.  

The results showed that for many of the participants across the three countries, making the 

association between submicroscopic models and macroscopic events was problematic. Even 

though these participants were all supposed to have learnt these concepts of macroscopic models (that 

which is visible or large such as physical properties like mass, volume etc) to submicroscopic (that 
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which is invisible or small) earlier in their school carriers (grade 8 and 9). This presupposes that 

learners with no in-depth conceptual reasoning may have problems when they have to apply 

their reasoning in solving a problem they are faced with (Hmelo-Silver, 2004). The outcome 

of the above study, support the fact that one would want to see how a learner’s conceptual 

reasoning can predict their problem solving skills. 

 

2.2.2 Impact of Conceptual Reasoning on Stoichiometry 

A solid underpinning principle of Chemistry is only gained through a true comprehension of 

the concept as opposed to pure memorization (Vandezande, Vander Griend & DeKock, 2013). 

The traditional methods that learners depend on for solving Chemistry problems include 

memorizing, mnemonics, and procedures. Although these methods may enable some learners 

to do well, they do not provide an avenue for learners to develop critical-thinking or 

quantitative-reasoning skills (Sostarecz & Sostarecz, 2012). 

Learners who cannot manipulate numbers easily would find the learning of the mole concept 

challenging and solving problems based on the mole concept also challenging to (BouJaoude 

& Barakat, 2003). Learners have inadequate basic concepts related to stoichiometric 

calculations such as ratio and proportions as well as balancing of chemical equations which 

learners need to successfully solve stoichiometric problems (Davidowitz, Chittleborough & 

Murray, 2010). 

Childs & Sheehan, (2009) and Aje, (2005) found that learners having a robust mathematical 

ability had less difficulty balancing chemical equations and solving gas problems because they 

had a sound understanding of ratios which is a prerequisite in learning and solving 

stoichiometry. Indeed, proportional reasoning is essential part of problem solving (Tigere, 

2014). Consequently, an integrated teaching and learning approach that utilizes Chemistry 

concepts and Mathematical reasoning should be adopted by teachers to increase retention of 

concepts learned and to build a foundation for future courses (Fink, 2013).  

 

2.2.3 Problem Solving Skills 

Problem-solving skill is highly valued and an effective problem-solving is nonetheless one of 

the most valued attributes teachers seek in their learners (Sweller, 1988). For the purposes of 

this study, problem solving ability of the learners is equally valued (Doyle, 2019). For most of 
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this century, many theorists and educational institutions have placed a substantial emphasis on 

this ability, especially in Mathematics and Science (see Dewey, 1916).  Problem solving is an 

effective interdisciplinary method to nurture not only learners’ critical thinking and reasoning, 

but also social knowledge of communication and decision-making skills  according to (Kim & 

Tan, 2013). For instance, middle-school learners (n = 16; age 14) and high-school learners (n 

= 16; age 17) from two Singapore public institutions participated in an environmental science 

field study to experience knowledge integration and a decision-making process. The study 

explored and documented the learners’ responses to opportunities for collective knowledge 

building and collaboration in a problem-solving process. The learners collected and analysed 

data from the field and shared their findings. When their field notes and reports were collected 

for data coding. The results revealed that learners’ learning through a collaborative problem-

solving process, made them experience the interdependence of knowledge and the development 

of mutual relationships for example, respect.  

According to Rahman, (2019) if problem solving can be an effective interdisciplinary approach 

to develop learners’ critical thinking and reasoning, and also social knowledge of 

communication and decision-making skills. Then by extension, a positive social climate can 

enhance effective learning through collaboration among learners. In other words, a positive 

learning climate encourages and stimulates the exchange of ideas, opinions, information, and 

knowledge (Wu, Tennyson & Hsia, 2010). In the researcher’s view, if learning is taking place, 

learners’ conceptual reasoning will be sharpened leading to good problem solving skills.  

 

2.2.3.1 Benefits of Problem-Solving Skills 

From the behavioural viewpoint, problem solving skills can improve children’s conduct. 

Webster-Stratton, Reid & Hammond, (2001) pages 943-952 found out that when, 

“Families of 99 children with early-onset conduct problems, aged 4–8 years, were randomly 

assigned to a child training treatment group utilizing the Incredible Years Dinosaur Social 

Skills and Problem-Solving Curriculum. Post-treatment early-onset conduct problem children 

had significantly fewer externalizing problems at home, less aggression at school, more pro-

social behaviour with peers, and more positive conflict management strategies”. 

As reported by Özsoy & Ataman, (2017) a nine-week program with 4 - 7th grade learners were 

conducted to investigate the effect of the use of metacognitive strategy training on 



19 
 

mathematical problem-solving achievement. The research made use of an experimental and a 

control group. The learners were subjected to a pre-test and post-test with the Mathematical 

Problem-Solving Achievement Test and Turkish version of Metacognitive Skills and 

Knowledge Assessment. The results showed that the learners in the metacognitive treatment 

group significantly improved in both their mathematical problem-solving achievement and 

metacognitive skills. 

The two examples cited above suggest that problem solving skills are relevant to life in general.  

Hence, a learner with adequate problem solving skills can improve his/her performance 

academically, because this learner will have mathematical skills that can be applied in solving 

stoichiometric calculations in the Chemistry class. 

 

2.3 A review of literature on Problem-solving and Conceptual Reasoning 

The literature search was restricted to peer-reviewed journal articles that were found in 

different databases such as SpringerLink, Ebsco host, Google scholar, ERIC. An initial search 

using the words “stoichiometry in Science education” resulted in numerous results, many of 

which were not specifically in Chemistry education. Therefore, it was narrowed down to 

studies done on “stoichiometry in Chemistry education” from 1993-2019, which equally 

yielded many outcomes. 

This suggested a need for an additional narrowing of the scope for the search. Instead of 

searching for “stoichiometry in Chemistry education”, the researcher conducted a search using 

“problem-solving and conceptual reasoning in stoichiometry”; thus, using few keywords. Peer-

reviewed journal articles were included in the search only if they matched the inclusion criteria 

(Zohar & Barzilai, 2013).  

Nevertheless, problem-solving and conceptual reasoning carried a higher priority than 

stoichiometry. Finally, eight articles that has a bearing on the current study were sampled 

across the continents of Africa, Asia, Europe and America. Conceptual understanding is 

knowing more than isolated facts, it is also knowing connections between those facts and 

having those facts well organized. 

Conceptual reasoning means, ways of thinking that include resolving a problem or reasoning 

about concepts, analysing a problem, developing new ideas and reflecting on past and present 

experiences (Van Meter, Firetto, Turns, Litzinger, Cameron, & Shaw, 2016). People sometimes 
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define this kind of reasoning as thinking outside the box (Garfield & Ben‐Zvi, 2007). When 

we use conceptual reasoning, we are willing to see things in a different way and accept that 

there is not one sole objective truth to how things work (Fortus, Krajcik, Dershimer, Marx & 

Mamlok‐Naaman., 2005). We put aside common beliefs and approach a problem with a fresh 

mind. 

 

In Science, conceptual reasoning solves many problems and creates new ideas and ways of 

thinking. Scientists have to acknowledge current theories, but often must put them aside to 

allow their own ideas to emerge (Dorst, 2011). The eight sampled articles will now be 

discussed below. The sampled articles are on studies done on problem-solving and conceptual 

understanding or conceptual learning (not conceptual reasoning specifically) in the last 25 

years in Chemistry Education. 

 

 

2.3.1 In Africa 

An interpretive study on Ghanaian pre-service teacher’s conceptual understanding of 

stoichiometry was investigated in the West African country of Ghana (Hanson, 2016). The pre-

service teachers were found to have more persistent problems with conceptual interpretation as 

they were not able to fully translate word problems into mathematical equations regardless 

their algorithmic foundations. Thus, the pre-service teachers’ had difficulty interpreting 

abstract situations into concrete representations. Neither did they understand fully, the law of 

conservation of matter. In the current study, learners made errors such as they could not use 

mole ratio, they were not able to do change of subject and they interchange the meaning of 

chemical terms such as mole, molecule, atoms and mass during their problem solving. 

 

2.3.2 In Asia 

Chiu, (2001) compared learners’ performance to their problem solving and conceptual 

understanding in Taiwan and found out that learners did significantly better solving algorithmic 

problems than they did understanding conceptual questions. He found that learners had higher 

algorithmic abilities than conceptual abilities. In another study titled, student’s problem 

strategies in stoichiometry and their relationship to conceptual understanding and learning 

approaches, there was a moderate to strong positive correlation between learners’ conceptual 



21 
 

understanding scores and their ability to solve problems correctly even when using algorithmic 

solutions (BouJaoude & Barakat, 2003).  

A similar study made use of an interpretivist research presented by Guba & Lincoln, (1989) 

(constructivism) with the help of a questionnaire to examine learners’ conceptual 

understanding and ability to solve numerical problems for stoichiometry-related concepts. 

Their finding was that the learners’ ability to solve numerical problems seems to be related to 

their conceptual understanding of stoichiometry (Dahsah & Coll, 2007). When senior high 

school learners conceptual and algorithmic understanding were investigated in 

Thermochemistry, a test, a questionnaire and an interview guide sheet were used. The aim was 

to obtain preliminary data about the algorithmic and conceptual abilities of learners in solving 

Chemistry problems. The results of the study indicate that learners’ conceptual understanding 

was low (Nuzulia & Ismayani, 2018). 

 

2.3.3 In Europe 

High school learners’ mathematical processing skills and conceptual understanding of 

chemical concepts on algorithmic problem-solving was explored. The study used mathematical 

processing skills (M), algorithmic problem solving (P) and conceptual understanding (C) test 

and an interview as instruments to examine the effects of grade 9, 10 and 11 learners’ 

conceptual understanding of chemical concepts and their mathematical processing skills on 

algorithmic problem-solving skills. The results from the study indicate that conceptual 

understanding and mathematical skills have an effective role on learners’ solving Chemistry 

problems correctly. There is a significantly positive relationship between algorithmic problem-

solving skills and conceptual understanding and mathematical processing skills (Gultepe et al., 

2013). 

 

2.3.4 In America 

The differences in performance between algorithmic and conceptual problem-solving 

questions among Chemistry major students were probed when the lecture method was used 

where the focus was to solve algorithms rather than the teaching of Chemistry concepts 

(Nakhleh & Mitchell, 1993). The study titled concept learning versus problem-solving: there 

is a difference, showed that current lecture method teaches students to solve algorithms rather 

than teaching Chemistry concepts.  
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A study (Cracolice et al., 2008) was conducted in Montana, Winona and Portland on concept 

learning versus problem solving: A cognitive difference. In their study, the researchers, 

hypothesized that a “cause” of the gap between conceptual and algorithmic problem-solving 

ability of first-term general Chemistry course students, is poor reasoning skills. The results 

indicated that variation in scientific reasoning skills is one cause of the gap between algorithmic 

and conceptual problem-solving ability even though their finding showed that success on 

algorithmic questions was always higher than on conceptual questions  (Cracolice et al., 2008). 

 

 

2.3.5 Comparing Africa with Asia; Europe and America 

The work done in Africa made use of an interpretive approach to see students’ conceptual 

understanding of stoichiometry. There was no direct focus on pre-service teachers’ problem-

solving skills and conceptual reasoning (see section 2.3.1). Hence, Hanson, (2016) did not 

correlate the relationship between the learners’ problem solving and their conceptual reasoning. 

Whereas in Asia, there were statistical correlation conducted on the learners’ problem-solving 

skills and their conceptual understanding which yielded varied results from the different studies 

as can be seen in section 2.3.2 as compared to Africa.  

Comparing Africa to Europe, a statistically significant positive relationship existed between 

learners’ problem solving and conceptual understanding abilities as well as their mathematical 

processing skills.  

When comparing studies done in Africa to those done in America, it can be seen that both 

researches sampled university students in America, unlike in Africa where high schoolers were 

the subjects. One can infer that there is higher performance in algorithmic problem-solving 

questions compared to conceptual problem-solving questions in the American studies (see 

section 2.3.4).  

From sections 2.3.1 – 2.3.4 above, the researcher looked at what happened in the 1993-2018 in 

the area of problem-solving, conceptual understanding and or concept learning regarding 

stoichiometry and related concepts in Chemistry. The search revealed that in other parts of the 

world, research has been done in terms of conceptual understanding and algorithmic problem-

solving. There are many Western and Asian research studies in Science education particularly 

Chemistry education concerning learners’ conceptual understanding and learners’ ability to 

solve numerical problems in Chemistry in the area of stoichiometry. However, research in Non-
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Western and Asian education contexts is much less studied (Hanson, 2016; Dahsah & Coll, 

2007).  

In the Asian region, a significant difference between learners’ problem solving and conceptual 

understanding was found (Chiu, 2001); BouJaoude & Barakat, (2003) reported moderate to 

strong positive correlation; and learners conceptual understanding is still low said (Nuzulia & 

Ismayani, 2018).  

In Europe, Gultepe et al., (2013) reported a statistically significant positive relationship 

between learners’ problem solving and conceptual understanding abilities. Others reported that 

there is higher performance in algorithmic problem-solving questions compared to conceptual 

problem-solving questions. Due to the diverse nature of the findings in the Western and the 

Asian region, it is worth undertaking similar studies at other parts of the world to confirm or 

deny the above findings. 

 Hanson, (2016), in her research, enumerated studies that has been done dating from 1993 to 

2013 by various authors, namely Nakhleh & Mitchell, (1993); BouJaoude & Barakat, (2003); 

Sanger, (2005); Voska & Heikkinen, (2000); Case & Fraser, (1999); Dahsah & Coll, (2007);  

Haider & Al Naqabi, (2008) ; Niaz, (2001); Cracolice et al., (2008) and Gultepe et al., (2013). 

The various studies are on learners conceptual understanding; concept learning; learning styles; 

problem solving skills; algorithmic problem solving; conceptual problem solving; 

misconceptions and alternative conceptions; and solving stoichiometric problems such as 

chemical bonds, balancing of chemical equations, the mole, concentrations of solutions, 

limiting reactants, quantity relationships, percentage composition and yield, empirical and 

molecular formulae, gas law, density, conservation of mass and chemical equilibrium in 

Chemistry where applicable. Even though the above studies have resemblance to my work, 

they did not focus on establishing learners’ errors and how learners’ conceptual reasoning can 

inform their problem solving skills on concepts in stoichiometry. 

Taking off from where Hanson left off, the researcher focused attention on research done in 

the past six years, that is from 2014-2019. The aim was to see if there are more recent works 

done that bears resemblance with the current study based on the same inclusion criteria 

mentioned above. The closest articles found are those published by Hanson in 2016 (Africa) 

and Nuzulia & Ismayani in 2018 at Indonesia (ASIA). Their works have been discussed (see 

sections 2.3.1 and 2.3.2 respectively).  
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Furthermore, when SpringerLink, Ebsco host, Google scholar, ERIC and other data bases were 

searched to find studies relating to the current study, there was no studies found that were solely 

conducted on learners’ conceptual reasoning and problem-solving skills in the southern African 

region, particularly in South Africa (see section 2.3). South Africa provides a perspective from 

a developing country point of view. This current study might indicate the influence a 

developing country has on the teaching of stoichiometry in terms of inadequate resources and 

where language barrier may be an issue.  

The only research settled on in Africa that the researcher sampled as part of those in sections 

2.3.1 - 2.3.4 was the research of Hanson that was done in 2016. To put it side by side as work 

done in West Africa and the current study, table 2.1 was created. Both similarities and 

differences between the two studies is presented (see table 2.1) to position the current work 

amongst the hosts of existing studies.  

  
Table 2.1                                                                                                              

Comparing the work done in Africa to the current study 

THE SAMPLED WORK THE CURRENT STUDY 

Investigated Ghanaian Teacher Trainees’ 

Conceptual Understanding of 

Stoichiometry. 

Investigated Grade 11 learners’ problem-

solving skills and conceptual reasoning on 

stoichiometry and its related concepts. 

The study used university students. The study used high school learners. 

Context based on stoichiometry. Context based on Stoichiometry.  

Used interpretive study. Used explanatory study. 

Used fewer instruments (2) to collect data. Used more instruments (7) to collect data. 

Interpretive responses to the 

Stoichiometric Test were evaluated per 

item qualitatively. 

Compared problem solving skill to 

conceptual reasoning qualitatively. 

No statistical correlation done for problem 

solving skill and conceptual reasoning. 

Did statistical correlation for problem 

solving skill and conceptual reasoning. 

Found that the trainees had difficulty 

interpreting abstract situations into 

concrete representations. 

Found a positive relationship between 

problem solving skills and conceptual 

reasoning. Learners make interpretation, 

misconception and careless errors during 

stoichiometric problem solving. 
 

 

This study will attempt to bridge the knowledge gap and present a baseline data upon which 

further studies on stoichiometry in other parts of Southern Africa could be done. This is because 

in my view more studies of learners’ conceptual reasoning and problem-solving skills from 

different countries are still needed to explore possible cultural differences in stoichiometry 

among college or university students and high schoolers (Koh,  Chai & Tsai, 2010).  
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To help place this current study in perspective, publications on problem solving and conceptual 

understanding were considered. Similar studies were scrutinised; two studies out of the eight 

shown in sections 2.3.1 – 2.3.4 were on different sections of Chemistry while six were on 

stoichiometry. The population sampled by three of the studies were university students while 

the rest of the other studies were high school learners. The different studies used varied 

instruments ranging from special tests, questionnaires and interviews and their results varied. 

Possible reasons for this variations is the use of diverse theories. Table 2.2 below shows a 

summary of the studies that were scrutinised in sections 2.3.1-2.3.4.  

Apart from Chiu, (2001) and Cracolice et al., (2008) whose results showed that success on 

algorithmic questions was always higher than on conceptual questions, most of the findings 

indicated that learner’s ability to solve problem relate to their conceptual understanding (table 

2.2). The findings from Cracolice and his team does not come as a surprise as they used 

university students who are regarded to have better understanding compared to high school 

learners. The university students can make use of algorithmic approaches to solve problem 

even if they cannot apply conceptual reasoning as compared to the high school learners who 

try to memorise concepts.  

One can argue that university students are a selected group through high school certificate 

(matric) examination. Although Chiu’s study was conducted on high school learners, they were 

able to solve algorithmic problems and showed a correct conceptual understanding of 

Chemistry. This result was inconsistent with Gabel, Sherwood & Enochs, (1984) according to 

Chiu, (2001). Possible reasons for the results to be inconsistent with other studies could be that 

the learners involved in the study were considered above average high school learners and they 

were preparing to be science majors at the university level. Their better performance might be 

attributed to greater motivation and preparation.  

Though the other studies indicated a relation between learners’ conceptual understanding and 

their problem-solving abilities there are disparities in their findings (Gultepe et al., 2013 and 

Boujaoude & Barakat, 2003). The fact that some authors reported a slightly different finding 

from the others (see table 2.2), calls for further studies elsewhere to affirm or refute the 

differences. Therefore, the current study looked at grade 11 learners’ problem-solving skills 

and conceptual reasoning on stoichiometry and its related concepts in the South African 

context.  
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Table 2.2                                                                                                                 

Comparing the sampled Studies chronologically 

AUTHOR SECTION OF 

CHEMISTRY 

INSTRUMENTS GROUP/ 

LEVEL 

FINDINGS 

Nakhleh, B & 

Mitchell, R.C  

1993 

 

Chemical 

equilibrium 

Test and 

Interview  

University 

 students 

The study shows that 

current lecture method 

teaches students to solve 

algorithms rather than 

teaching Chemistry 

concepts. 

Chiu, M.H  

2001 

Stoichiometry  Test  High school Students did significantly 

better, solving algorithmic 

problems than they did 

understanding conceptual 

questions. 

Boujaoude, S 

& Barakat, H  

2003 

Stoichiometry  Learning Approach 

Questionnaire, 

Stoichiometry Test 

and unstructured 

interviews. 

Grade 11 There was a moderate to 

strong positive correlation 

between students’ 

conceptual understanding 

scores and their ability to 

solve problems correctly. 

Dahsah, C & 

Coll, R.K 

2007  

 

Stoichiometry  Questionnaire  Gr 10, 11 Students’ ability to solve 

numerical problems seems 

to be related to their 

conceptual understanding 

of stoichiometry; students 

with alternative 

conceptions found it 

difficult to solve the 

problems relating to the 

concepts. 

Cracolice, 

M.S, Deming, 

J.C & Ehlert, B 

2008 

 

Density, Gas laws, 

Stoichiometry, 

and Molarity. 

Test  University 

students 

Results indicate that 

variation in scientific 

reasoning skills is one 

cause of the gap between 

algorithmic & conceptual 

problem solving ability. 

Gultepe, N, 

Celik, A.Y & 

Kilic, Z 

2013 

 

Stoichiometry MPC Test  and  

Interviews. 

Gr 9, 10, & 

11 

Students’ conceptual 

understanding and 

Mathematical processing 

skills effected algorithmic 

problem-solving skills.  

Hanson, R.  

2016 

Stoichiometry   University 

students  

The trainees were found to 

have more persistent 

problems with conceptual 

interpretation. 

Nuzulia, M. H, 

& Ismayani, A 

2018 

Thermochemistry Test, Questionnaire, 

and an Interview 

High school 13% of students achieved 

high algorithmic and high 

conceptual understanding, 

6% of students achieved 

high algorithmic and low 

conceptual understanding 

and 30% of students 

achieved low algorithmic 

understanding. 
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2.4 Conceptualized framework of Problem-Solving Skills and Conceptual Reasoning  

Problem solving is the process of working through details of a problem to reach a solution 

(Krulik, & Rudnick, 1989). Problem solving may comprise mathematical or systematic 

operations and can be a measure of an individual’s critical thinking skills. For instance, Polya 

discussed four-step process of problem solving where learners must make use of skills acquired  

(Mugisha, 2012). The four-steps proposed by Polya, (1956) are as follow: 

 Understanding the problem. 

 Devising a plan or deciding on an approach for attacking the problem. 

 Carrying out the plan, and 

 Looking back at the problem, the answer, and what you have done to get there. 

Therefore, the researcher had conceptualized the interrelationship between the learners’ 

conceptual reasoning and their problem-solving skills into a flow diagram below (figure 2.1). 

It is conceptualized by the researcher that if a learner can reason through the concepts in each 

question or a given problem and apply adequate problem-solving skills, then the learner 

understands the problem as indicated by Polya, (1956) in her first step. In this case, the learner 

can devise a plan or decide on an approach for addressing the problem as indicated by the 

second step. This learner can then carry out the plan (approach to the solution), and look back 

at the problem, the answer, and what he/she has done to solve the problem (the third and fourth 

steps). It presupposes that the learner had applied his/her knowledge to the question at stake 

and thereby demonstrating good problem solving skills and reasoning acquired over the years 

of his/her studies in resolving the problem (Mason & Singh, 2016). 

As the learner apply his/her knowledge to solving the problem by demonstrating reasoning 

skills during the problem solving (see figure 2.1), the assessor can pick up some conceptual 

reasoning and problem-solving errors that might surface. The researcher perceived that the 

learner’s conceptual reasoning and problem-solving errors (Marumeru, 2012) may be due to 

reasons such as the nature of stoichiometry, mathematical skills, teachers’ teaching approach 

or style, language barrier, inadequate access to practical work, and learners’ own approach to 

learning (Nuzulia & Ismayani, 2018). These errors learners make may probably have effect on 

their achievement in the long term.    
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Figure 2.1: A conceptualised flow chart of the study. 

 

Just like Poyla’s four steps above, according to Greeno, (1989), scientific problem-solving and 

reasoning skills involve the realization of the correspondences between his model called the 

extended semantic model that was based on four domains of knowledge (Gaigher, 2004).  

The Greeno’s four domains of knowledge, are as listed below, namely: 

 Concrete domain (physical objects and events) 

 Model domain (models of reality and abstractions) 

 Abstract domain (concepts, laws and principles) 

 Symbolic domain (language and algebra) 

Greeno’s model was not used to support the conceptualized framework (figure 2.1) because 

even though Greeno’s model speaks to problem-solving skills and conceptual understanding, 
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the instruments used for this study were not structured to suit his model hence the model could 

not be used applicably. 

 

 2.5 Theoretical framework  

Research in science education have explored learners’ thoughts about Chemistry topics from 

basic chemical concepts to conceptual change, conceptual framework and problem-solving 

skills Nakhleh & Mitchell, (1993); Chiu, (2001); Sanger, (2005); Carson, (2007); Mandina & 

Ochonogor, (2017); Huddle & Pillay, (1996); Dahsah & Coll, (2007); Hanson, (2016); Schmidt 

& Jignéus, (2003). One of the reasons for these investigations was to determine the barriers 

that learners encounter while learning Chemistry so as to make teaching this subject more 

effective (Gultepe et al, 2013).  

It is generally accepted that learning Chemistry is difficult for many learners (Sirhan, 2007). 

Many factors hinder learners’ learning Chemistry, such as inadequate problem-solving skills, 

the hierarchical structure of concepts, textbooks, and instructional methods Boujaoude & 

Barakat, (2000); Bowen & Bunce, (1997); and  Nuzulia & Ismayani, (2018). The researcher 

made use of two different theoretical frameworks to support the current study. The first one is 

the cognitive load theory (CLT) by John Sweller and the second is typology of curriculum 

representations (Van der Akker, 2004).  

As suggested by problem solving theory and practice, thinking is most relevant to problem 

solving than knowledge because it is possible to teach thinking in cases where less or no 

knowledge of the problem is needed. In his article “A Problem with Problem Solving: Teaching 

Thinking without Teaching Knowledge” Carson, (2007) argued that the knowledge base and 

transfer of knowledge are the most essential elements of problem solving. According to Krulik, 

Stephen & Rudnick, (1989) problem solving connects theory and practice where learners apply 

abstract knowledge to concrete real world experiences.  

Indeed, problem solving would be more effective if the knowledge base and the application of 

that knowledge were the primary principles of the theory and practice. It seems that experience 

not based on content is the primary principle, which, (Carson, 2007) has argued, is problematic 

because it divides thinking and knowledge into two mutually exclusive domains. In fact, during 

any problem solving, one will find themselves learning of other things not based on experience, 

but procedure.  
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Problem solving is part of Chemistry education because Chemistry teachers believe that 

problem solving leads to understanding Chemistry but solving Chemistry problems correctly 

does not mean Chemistry concepts can be understood truly and deeply on a molecular level 

(Miletzki  & Broten, 2017). The concepts and issues that need attention require the employment 

of higher-order cognitive skills (HOCS) (Gultepe et al., 2013). Learners’ problem-solving 

ability is a main goal of Chemistry teaching, it is well known that problem solving is the most 

difficult part for many Chemistry learners (Bowen & Bunce, 1997). Gulacar & Fynewever 

(2010) noted that learners whose knowledge is context dependent could not solve problems 

that require deep connections in their cognitive structure. 

This study will describe problem solving in the context of Behavioural, Cognitive and 

Information processing pedagogy. 

 Behavioural theory view problem solving as a process that develop through negative 

and positive reinforcement mechanisms. 

 Information processing pedagogy view of problem solving is based on general 

problem solving skills and artificial intelligence (Newell, & Simon, 1972). 

 Cognitive theory view problem solving as a process that includes introspection, 

observation and heuristic development. 

Behavioural theory of learning is based on the impression that all behaviours are acquired 

through conditioning (Abramson, 2013). The Conditioning come about through interaction 

with our environment. The Behaviourists believe that our responses to environmental stimuli 

shape our actions. Which implies that learning is by external conditions such as motivation and 

or punishment. This theory relates to the issues of class and learner management as well as 

shaping behaviours through positive and negative reinforcement. However, the focus of this 

study is not in line with the behaviourist attributes.  

George A. Miller, an American psychologist developed the information processing theory. He 

believed that the mind receives stimulus, processes it, stores it, locates it, and then responds to 

it. He also stated that the human mind can only hold 5-9 chunks of information at a time  

(Miller, 1956). In other words, one could say information processing theory describes how 

information is received, processed, stored and then retrieved in the human brain. It is interesting 

to note that the information processing theory compares processing of information by humans 

to those of computers (Thadani, 2018).  
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The Implications of information processing theory for instruction as far as the Short-Term 

Memory and its Control Processes are concerned could be that all children, especially younger 

ones, can benefit from being taught rehearsal or practice techniques. Teachers can aid learners 

by presenting material in logical portions and by showing learners how to organize information 

on their own. Teachers should facilitate learning by relating new information to learners’ prior 

knowledge and by helping learners to learn techniques of self-mediation. Teachers should help 

learners to incorporate visual imagery and other memory-aiding techniques in order to develop 

learning skills. The information processing and the cognitive load theories both speaks to 

working memory of the learner, but the information processing theory compares the human 

mind to computers and artificial knowledge (Thadani, 2018). 

Therefore, the study will make use of the Cognitive Load Theory (CLT) as a theoretical 

framework, mainly because it provides a plausible theoretical framework for investigating 

cognitive processes and instructional designs linked to problem solving activity. With the 

current study, cognitive load theory would be preferred over the other two theoretical 

frameworks named above because cognitive load theory focuses on what happens during 

knowledge acquisition which this study is in line with.  

Cognition is in line with reasoning (mental activity) and my attention is on the working memory 

of the learner. Cognitive load is a theoretical view with an increasingly fundamental role in the 

educational research literature (Jong, 2010). The basic idea of cognitive load theory is that 

cognitive capacity in working memory is limited, so that if a learning task requires too much 

capacity, learning will be hampered. Therefore, teachers should design instructional tasks that 

will optimize the use of working memory capacity and avoid cognitive overload. 

Problem solving research has captured the attention of those concerned with education, 

particularly curriculum implementers and designers. Most of the results obtained from these 

researches have recently been synthesized into various theoretical formulations.  In particular, 

reference is made to the classical experimental work of John Sweller, who contributed to the 

understanding of the importance of schema acquisition in successful learning and problem 

solving (Sweller, 1988). Hence the researcher believes, this study may encourage educators to 

present their instructions bearing in mind the Cognitive Load Theory which is one of the 

frameworks that underlines the current study. 
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2.5.1 Cognitive Load Theory  

Cognitive Load Theory was developed by John Sweller, an Australian educational psychologist 

in the 1980s as an instructional theory based on some aspects of human cognition (Dhlamini, 

2012). We can talk about two elementary sources of instructional cognitive load. Firstly, 

information that executes a heavy cognitive load due to its intrinsic nature which is referred to 

as intrinsic cognitive load. Secondly, information that imposes a heavy cognitive load not 

necessarily because of its intrinsic nature but rather due to the way it is presented. This type of 

load is referred to as extraneous cognitive load.  

 

2.5.1.1 Intrinsic Cognitive Load  

The intrinsic cognitive load can only be changed by changing what is learned or by changing 

the knowledge levels of learners. Intrinsic cognitive load refers to the complexity of the 

knowledge that is being acquired without reference to how that knowledge is acquired (Sweller, 

Ayres & Kalyuga, 2011).  

 

2.5.1.2 Extraneous Cognitive Load  

An extraneous cognitive load can be reduced by changing the instructional procedures. In other 

words, the extraneous cognitive load is under the control of the instructors hence the interacting 

elements due to extraneous cognitive load can be limited or eliminated by changing the 

instructional procedures (Sweller, 2010).  

Extraneous cognitive load is how the teacher teaches or delivers what is to be learnt (the 

instructional material). For instance, the examples, the explanations and the different 

connections the teacher uses to help learning is what constitute the extraneous cognitive load. 

When the extraneous cognitive load is reduced then we have more memory resources for 

deeper processing to process what is to be learnt (Kaheru, 2014). 

Note that the two categories of cognitive load are determined by the same underlying factor 

called element interactivity (Sweller, 2010). 

 

2.5.1.3 Element Interactivity 

Element interactivity is not straightforward to define (Chen, Kalyuga, & Sweller, 2017).  

Element can be defined as anything that needs to be learned or processed or has been learned 
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or processed. Interacting elements is when elements that must be processed simultaneously in 

working memory because they are logically related. The material to be learned can have low 

or high amounts of element interactivity. This is elaborated on with specific example in the 

subsequent sections below. In cognitive load theory, element interactivity has been used as the 

basic, defining mechanism of intrinsic cognitive load for many years (Sweller, 2010). 

 

2.5.2 Effects of Cognitive Load Theory on Teaching and Learning 

Learning requires the acquisition of large numbers of schemas incorporating interacting 

elements and stored in long-term memory via the information store principle (Kirschner,  

Sweller & Kirschner, 2018). Once stored, they can be transferred to working memory, thus 

permitting cognitive activities that otherwise would be impossible to even contemplate. As 

stated in section 2.5.1.3, some information imposes a high working memory load, while other 

information imposes a low working memory (Sweller, 2016).  

 

2.5.2.1 Low Working Memory Load  

Low working memory load is when the material to be learnt has low element interactivity. For 

instance, consider learners who must learn chemical symbols. There are many symbols, so this 

task is difficult. Nonetheless, the difficulty is not because of a heavy intrinsic cognitive load 

and so the working memory is not overloaded by this task (Karuppiah, 2012). Each symbol can 

be learned independent of every other symbol because there is minimal element interactivity 

between the learning elements. For example, learners can learn that Al is the symbol for 

aluminium without any reference to the fact that the symbol for iron is Fe. Working memory 

resources can be devoted entirely to learning the symbol for aluminium without any reference 

to other symbols because the working memory load due to intrinsic cognitive load is low 

(Kaheru, 2014). 

 

2.5.2.2 High Working Memory Load  

High working memory load is when the material to be learned has high element interactivity. 

In contrast to low working memory load, some other information can be very high in element 

interactivity, imposing a high working memory load due to a high intrinsic cognitive load. For 

example, learning to balance a chemical equation requires consideration of many elements of 
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information in working memory simultaneously (Upahi & Olorundare, 2012). When dealing 

with any unfamiliar equation in any discipline area, element interactivity is likely to be high. 

No change can be made to any element of information in an equation without considering the 

consequences of that change for every other element in the equation. Since the elements 

interact, all elements must be considered simultaneously prior to any manipulation of an 

equation. 

Consider learners who must learn to balance the chemical equation below; 

KNO3 + H2CO3              K2CO3 + HNO3 

To understand and solve this problem, each of the elements that constitute the problem must 

be processed in working memory (Sweller, 2010). Because they interact, they cannot be 

processed in succession. They must be processed simultaneously. Each chemical symbol must 

be considered in relation to every other chemical symbol and the problem goal. For novice 

learners, these interacting elements may overload working memory resulting in a failure to 

solve the problem. This heavy working memory load is not caused by the need to process many 

elements, but rather by the need to process many elements simultaneously. Some tasks, such 

as learning the chemical symbols, require many more elements to be processed and so are 

difficult (Mestre & Ross, 2011).  

This difficulty has a basis different from that of the difficulty imposed by the need to process 

many elements simultaneously. Simultaneous processing imposes a heavy working memory 

load, while successive processing does not. Whether information can be processed 

simultaneously or successively depends on element interactivity. Why, because high element 

interactivity occurs when learners process many elements of information simultaneously in 

working memory with low element interactivity requiring few elements (Tigere, 2014). 

Cognitively, learning to balance a chemical equation or manipulate an algebraic equation is 

analogous to learning to make a good move in chess (Sweller, 2011). In each case, there are 

many elements of information that must be processed simultaneously in working memory. If 

these elements are not incorporated into a schema that can be treated as a single element, the 

element interactivity and intrinsic cognitive load will be high.  

The current study wishes to follow the trend of looking at problem solving (for some of the 

research questions) from a cognitive perspective (Mugisha, 2012). Problem solving is generally 
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regarded as the most important cognitive activity in everyday and professional contexts 

(Jonassen, 2017). In this study, I will explore questions whose answers would support teachers 

in both knowing where to focus their teaching and how to assess learners’ work better. For 

instance, teachers must not overload the working memory of learners in an attempt to enhance 

learners’ problem solving skills. 

 

2.6 Learners Errors 

The second theoretical framework supports the research questions that speak to learners’ errors, 

the reasons for these errors and how it is linked to the way learners are taught. The researcher 

wish to align the levels of the curriculum to verify what is happening in the classroom. Kotoka 

& Kriek, (2019) looked into the extent of alignment between the various levels of the 

curriculum on circuit electricity (intended, implemented and attained levels). The research 

participants were 1423 grade 11 learners and their 42 teachers from Mpumalanga in South 

Africa. They found that there is a contradiction of the impression that teachers plan to teach for 

the examinations, as teachers rather taught sections that do not appear in the exam. The teachers 

also omitted ‘conceptually difficult’ sections from their lesson plans. The current study 

therefore looked at learners’ errors committed during their problem solving process by 

diagnosing learners’ errors from their test scripts, called LAT; their interview transcripts (LIS); 

and the researcher’s classroom observation schedule (COS). 

The curriculum is in three parts, thus, Intended curriculum, Implemented curriculum and the 

Attained curriculum. The intended curriculum has the Ideal (curriculum vision) and the Formal 

or the written curriculum levels (which represents the grade 11 CAPS document). The 

implemented curriculum has perceived curriculum level which represents the teacher lesson 

plans (TLP) and Operational level (Classroom Observation Schedule and Learner Work Book). 

The attained curriculum has three divisions, namely Experiential, Assessed and Learned 

curricula. The experiential level is learners’ report of what is happening in the classroom 

according to learner confirmatory questionnaire (LCQ) and learner interview schedule (LIS). 

The assessed level is what the GDE diagnostic reports presents. The learned curriculum level 

depicts learners’ performance as picked up from the learner achievement test (LAT). This study 

explored six out of the seven different levels of curriculum since the ideal curriculum did not 

form part of this study. The curriculum levels has been diagrammatised in figure 2.2 to show 

the curriculum and its subdivisions and what each one of them represents as far as this study is 

concerned. 
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The curriculum levels in figure 2.2 was adapted and modified from Van der Akker, 2004, 

page 3. 

 

Figure 2.2: The Typology of Curriculum Levels. 
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2.6.1 The Common Errors Learners make when solving scientific problems  

The working definition for errors in this study is mistakes found in learners’ scripts or 

workbooks that teachers come across when assessing and marking learners’ scripts on concepts 

in stoichiometry, for instance, misinterpretation of questions, inability to use correct method 

and misconceptions. 

According to Kousathana & Tsaparlis, (2002) some sources of learners’ errors are due to; 

 Memorisation by learners 

 Over dependency on conventional methods of teaching 

 Language barrier 

 High teacher-learner ratio 

 

The kinds of errors learners make according to Kousathana & Tsaparlis, (2002) are Random 

errors- this may be caused by hastiness or by thoughtlessness, or by an overload of working 

memory, or by field dependence or a combination of the above factors. And, Systematic errors- 

this may be caused by misconception(s), or by a difficulty in understanding of the underlying 

theory, concepts, or processes. It is worth noting that what probably might be a random error 

for one learner may be a systematic error for another. While systematic errors may be 

equivalent to misconceptions, random errors are not, because random errors may be avoided if 

learners can monitor and control their thinking during learning and problem solving (Mensah 

& Morabe, 2018). 

To dwell on the research done by Mensah & Morabe, (2018), who sought to identify the 

knowledge and skills that learners lack to successfully solve problems of Chemical equilibrium 

in Mpumalanga (south Africa) using a low and a high achieving schools. The research looked 

at Strategies used by grade 12 Physical sciences learners in solving Chemical equilibrium 

problems. The findings of the study is that the main difficulty of learners from the low-

achieving school in solving for Kc (equilibrium constant) was lack of conceptual awareness of 

how a chemical reaction progresses to equilibrium. But the high-achieving school 

demonstrated conceptual understanding in solving problems in familiar contexts, but lacked 

the skills for dealing with problems in an unfamiliar context because few errors were observed 

in their solutions. The implication of their outcome therefore, is that for learners to acquire 

considerable skills in solving problems, much higher order conceptual knowledge is needed 

hence the current study. In other words, higher conceptual knowledge leads to good conceptual 
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reasoning and for that reason a better problem solving strategies. The current study underway 

is about investigating grade 11 learners’ problem-solving skills and conceptual reasoning on 

concepts in stoichiometry with the following objectives: 

 To investigate the relation between problem solving skills and conceptual reasoning. 

 To establish common conceptual reasoning and problem-solving errors learners make 

and possible reasons for the errors. 

 To establish if there is a possible link between how learners are taught and the 

conceptual reasoning and problem-solving errors they make when solving problems on 

stoichiometry. 

Some of the conceptual reasoning and problem-solving errors learners make when solving 

stoichiometry problems as the researcher had conceptualized in section 2.4 (figure 2.1) may be 

due to the following: 

 Teaching approach 

 Learning approach 

 Mathematical skills 

 Language of learners 

 Practical work 

 Nature of Stoichiometry 

To support the researcher’s assertions, the following literature review is presented. 

 

 

2.6.1.1 Inability to use correct approach 

The difficulties learners have, which may lead to errors during problem solving, has its root 

from their inability to perform calculations that require the mole concept; constructing and 

balancing chemical equations, mathematics skills (Malcolm, Mavhunga & Rollnick, 2015) and 

the interpretation of a word problem into procedural steps that lead to the correct answer 

(Hanson, 2016). Since, Chemistry depends on making connections between concepts, the 

above shortcomings in learners’ ability to handle mathematical skills create difficulty in the 

learning and teaching of stoichiometry (Ndlovu, 2017). 
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2.6.1.2 Carelessness  

Learners have the tendency of not balancing the unbalanced chemical equations given during 

problem solving. Hence end up with wrong solutions to a given problem. This is in line with a 

study conducted in Nigeria where it is reported that many learners are unable to write and 

balance chemical equations and thus end up performing poorly in stoichiometry. Most 

importantly when they are to solve problems where the mole ratio is not 1:1 (Upahi & 

Olorundare, 2012). One of the errors the learners are committing is that they are not observing 

the use of the mole ratio. 

 

2.6.1.3 Misinterpretation 

Stoichiometry involves concepts that sound the same such as; mole, molecule, molar mass, 

molar volume, molarity and these terms in most cases are misunderstood or wrongly used 

interchangeably by the learners (Fach, de Boer, & Parchmann, 2007). The study conducted in 

Germany revealed that many learners who participated in the study were unable to figure out 

the link between these concepts, as a result, the learners mix these concepts up (Fach et al., 

2007).  

 

2.6.1.4 Language barrier 

In a study conducted in Taiwan, Chiu, (2005) underlined that most of the words used in 

Chemistry have a different meaning compared to the same word used in everyday life. Learners 

have problems in Chemistry as the language used is not understandable to the learners (Huddle 

& Pillay, 1996). This causes more confusion for learners when learning.  

 

2.6.1.5 Misunderstanding 

Learners do have misunderstandings about stoichiometry and do not know the definition of the 

terms and the relationship between stoichiometric entities (Furio, Azcona & Guisasola, 2002). 

For example, in this problem-solving experience, learners found it difficult to say how mass, 

molar mass and moles relate, hence, could not do simple calculations that connect all three 

entities. They committed errors such as mole is equal to mass of a substance multiplied by its 

molar mass instead of mole is equal to mass divided by the molar mass of the substance. 
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2.6.1.6 Misconception 

Learners showed misconception when calculating for example, limiting reactant in section B 

of the learner achievement test (question 3). Learners thought the reactant that is smaller in 

quantity limits the reaction without referring to the stoichiometric mole ratio of the given 

reactants (Huddle & Pillay, 1996). Misconceptions arise as a result of learners not grasping a 

concept very well or failures in understanding of the underlying theory, concepts, or processes 

(Kousathana & Tsaparlis, 2002). 

 

2.7 Levels of Cognitive Demand 

Stein, Smith, & Marjorie, (2001) define Cognitive Demand as, “The kind and level of thinking 

required of students in order to successfully engage with and solve the task”. This study made 

use of the framework provided by Stein & Smith, (1998) to evaluate the cognitive demands of 

the test items used for this research. They argued that teachers must be mindful of the various 

cognitive demands inherent in tasks which they present to their learners and that the tasks the 

learner engages in are principal as they determine the competency that the learner displays. 

Four levels of assessment tasks were proposed by Stein & Smith which are two lower levels 

and two higher levels of cognitive demand. The four levels are memorization, procedures 

without connections to concepts or meanings, procedures with connections to concepts and 

meanings, and doing mathematics. The low level cognitive demands include Memorization 

tasks, and Procedures without connections to understanding, meaning, or concepts. The high 

cognitive demand tasks involves Procedures with connections, and Doing Mathematics. The 

high level are ranked as having a high cognitive demand due to their emphasis on thinking, 

connecting, and doing. Again the high level tasks require students to think abstractly and make 

connections to mathematical concepts. 

The framework of Stein et al., (2001) gives insight on evaluating the test questions’ level of 

difficulty as set out by the researcher. It helps in explaining the cognitive levels of the questions. 

Hence, the learners would be required to perform at the level of the questions. Learners are 

expected to be exposed to all levels of the cognitive demand as much as possible during 

assessment. 

The figure below depicts the levels of the cognitive demand as adopted from Stein et al.’s levels 

of cognitive demand of mathematics tasks. 
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Figure 2.3: Stein et al.’s Levels of Cognitive Demand of mathematics tasks (Stein et al., 2001).  

The researcher therefore used the cognitive demand levels to evaluate the learner achievement 

test administered in this study to establish the relationship between CR and PSS. The test 

involves strategic thinking to solve the questions in the test. It required reasoning, developing 

a plan or sequence of steps to solve the problems. Familiar situations may only require recall 

and recognition of previously learned concepts which borders on the first and second cognitive 

demand levels. In unfamiliar situations, learners would need to use conceptual reasoning to 

determine the correctness of a solution thus applying the third cognitive level (Hess, 2006). 

The actual evaluation of the test questions using the cognitive demand are dealt with in the next 

chapter. 

 

2.8 Overview 

This chapter explored the literature relevant to this study. Specifically, it looked at the 

Conceptualized framework of Problem-Solving Skills and Conceptual Reasoning in the 

teaching and learning of concepts in stoichiometry. In this chapter, a literature study was done 

to gain more understanding on problem- solving skills and conceptual reasoning. From the 

literature study it became clear that this study can align itself with Poyla’s four steps to problem 
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solving and not Greeno’s model for scientific problem solving known as extended semantic 

model. 

The researcher provided an overview of errors learners commit during problem solving found 

in the literature (see section 2.6); bearing in mind research questions four and five. This was 

done in order to align literature with the theoretical framework on curriculum levels. The 

factors that affect problem solving in general in stoichiometry such as teaching and learning 

approach, mathematical skills, and language barrier were enumerated. Also, discussed in this 

chapter was how the Behavioural, Cognitive and Information processing pedagogy define 

problem solving.  

It can be seen that problem solving skills of learners can be practised using different tools, 

among others; language, prior knowledge and practical activities. These tools are essential as 

they help to enhance conceptual development and hence learners’ conceptual reasoning. It is 

also worth noting that stoichiometry is regarded as a difficult topic in Chemistry worldwide 

(Malcolm, Mavhunga & Rollnick, 2019) and thus the challenges experienced by teachers and 

learners in teaching and/or learning this topic were also discussed in terms of cognitive load 

theory which is one of the theoretical frameworks that guided the study. Finally, the levels of 

Cognitive demand which was used to evaluate the test items in section 3.4.1.1 was reviewed. 
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CHAPTER THREE 

3. METHODOLOGY 

3.1 Preamble 

In this chapter the description of the research methodology used in the study was unpacked. 

Here the research design for this study is stated looking at what led to the selection of the 

mixed-method research design known as an explanatory sequential research design as well as 

a qualitative and quantitative research approach in the study. A description of the size of the 

sample for the research is stated. Data collection process as well as the tools used were 

described with the help of a flow diagram in this chapter. In addition, the various approaches 

used to collect data and why those specific procedures were used and how the instruments were 

validated in order to ensure trustworthiness of the data is discussed. How ethical issues were 

dealt with in this study are also outlined. 

 

3.2 Study design   

The study followed a mixed-method, based on a research design known as an explanatory 

sequential research design Terrell, (2012) where both quantitative and qualitative data was 

collected and analyzed. Quantitative method generally involves collecting numerical data that 

can be subjected to statistical analysis, whereas, qualitative method relies on the views of 

respondents and analyzed qualitatively. The mixed-method research approach was employed 

in order to use the qualitative results to further explain the quantitative results as the research 

questions could not be answered by quantitative or qualitative research alone (Creswell, 2012). 

Furthermore, the mixed- method research approach provides a comprehensive account on the 

research questions of the study since it draws on the strengths of both methods.   

Mixing methods can be seen as one of the consequences of a pragmatic approach to educational 

research, hence this study lies within the pragmatic paradigm (Feilzer, 2010). Pragmatic 

paradigm provides a comprehensive account on the research questions of the study because no 

single view point can present the entire picture and that there may be multiple realities (Teddlie 

& Tashakkori, 2010). Pragmatic researchers think that different approaches can be 

complementary which this study subscribe to (Yardley & Bishop, 2008). 
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Below is the flow chat of the chosen mixed-method approach in which a quantitative method 

is followed up with a qualitative method. The sequence of quantitative followed by qualitative 

data collection and analysis is because the researcher wants to connect the two phases by using 

the quantitative results to shape the qualitative research questions, sampling, and data 

collection as well as analysis. Also, to use the quantitative results purposefully to select best 

participants for the qualitative method. 

 
  

Quantitative 

Data Collection

& Analysis

Follow 

Up With

Qualitative 

Data Collection

& Analysis

Interpretation

of Results
   

  

Figure 3.1: A flow chat of the Explanatory Sequential Mixed-method research design. 

 

 

3.3 Sample and sampling technique  

The population of the study was made up of grade 11 Physical Sciences learners from thirty-

eight schools in the Tshwane North District of the Gauteng Province of South Africa. A 

convenient sample was adopted, consisting of 410 learners and eleven teachers from the eleven 

public schools (Etikan, Musa, & Alkassim, 2016)  due to their availability and willingness to 

partake in the study (Creswell, 2012).  The second reason was that the researcher resides in the 

province and the schools were easily accessible. The sample selected for this study therefore, 

were not a representative of the population but  was adequate for the study (Cohen, Manion & 

Morrison, 2007). The sample size is deemed adequate because the eleven schools out of the 

thirty eight schools represents approximately 29% of the number of schools in the district. 

Usually, a good maximum sample size is around 10% of the population. For example, in a 

population of 5000, 10% would be 500 (Bartlett, Kotrlik, & Higgins, 2001). The chosen schools 

were similar in terms of their socio-economic status (quintile one schools) and the similar 

academic (see table 4.21 and 4.22) backgrounds of the teachers.  

 

3.4 Instruments  

Seven instruments were used to collect data in order to answer the research questions. How the 

seven instruments were used to answer the research questions are captured in figure 3.2. 
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Figure 3.2: A mind map of Questions answered by the different research instruments. 

 

Below is the discussion of the descriptions of each instrument. The validity and reliability of 

these instruments are discussed (see sections 3.2).  

 

3.4.1 Learner Achievement Test (LAT) 

The participants’ achievement test was used as a form of measurement because with it, the 

learners’ insights to the problem solving skills and conceptual reasoning that were expressed 

in their thoughts will be realised (Thompson, 2009). Therefore, the achievement test was 

designed to determine whether learners use problem solving skills and conceptual reasoning 

while solving stoichiometric problems and whether the problem-solving skills and conceptual 

reasoning was demonstrated in their solutions.  

A learner Achievement Test (LAT) was developed. The test questions were taken from past 

matric papers, learners’ textbooks and other relevant sources that are CAPS compliant (de Vos, 

du Plessis, Nel, Spies, & van Wyk, 2015). The LAT was in two parts; one section namely 

section A, covered questions on conceptual reasoning. There was 1 mark each allocated for the 

multiple choice and 2 marks for explaining the reason behind the choice of an answer (15 marks 

in total). Section B was testing for problem solving skills which was 5 marks each (making 25 
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marks in total). There was a total of ten questions; five for conceptual reasoning made up of 

objectives and their reasons (section A) and five for problem solving skills (section B). A total 

mark allocation of 40 were awarded for the test.  

The reasons for assigning a total mark of 15 for conceptual reasoning and 25 mark for problem 

solving was simply due to convenience of marking. It does not suggest or imply that, in this 

study, problem solving is more important or valued than conceptual reasoning. The five marks 

allocated to problem solving made it easier for the researcher to award a mark to different steps 

shown by the learners in their solutions. Therefore, on the memorandum (appendix A) of the 

learner achievement test, marks were awarded for each step of thinking required. 

The justifications for the inclusion of each question on the learner achievement test, is 

presented in section 3.4.1.1 below indicating the concepts being tested on conceptual reasoning 

and problem solving skills and their cognitive demands. The main test items that the learners 

answered together with the memorandum used to mark it are found in appendix A. 

 

3.4.1.1 Evaluation of Learner Achievement Test Items 

The test questions have been evaluated in detailed for cognitive demand as to which questions 

reveal learners understanding, which ones are basic recall of knowledge, which are standard 

procedures, and which require real problem solving.  

Comparably to the levels of cognitive demand, in the CAPS document (DoBE, 2011) for 

Physical sciences (grade 11 Chemistry), there are also four cognitive levels namely; 

 Recall (15% of the test) 

 Comprehension (40% of the test) 

 Analysis/Application (35% of the test) 

 Evaluation/Synthesis (10% of the test)  

These cognitive levels guides the teacher when setting a test or examination as to the 

recommended weighting of cognitive levels for examinations and control tests. According to 

the CAPS document “Questions in tests and examinations should assess performance at 

different cognitive levels with an emphasis on process skills, critical thinking, scientific 

reasoning and strategies to investigate and solve problems in a variety of scientific, 

technological, environmental and everyday contexts” (DoBE, 2011).  
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The test items on the LAT with respect to the levels of cognitive demand were two level ones 

(20%), four level twos (40%) and four level threes (40%). It can therefore be argued that the 

learner achievement test was pitched at the level of a grade 11 learner and it is consistent with 

the level of development of the learner. The test corresponded with the program of assessment 

and the language level of the test was appropriate for the grade. The instructions were clear and 

the questions were fair and free of bias (see section 3.5.1.1 for validity of LAT). 

The reasons for non-inclusion of ‘Cognitive level’ four questions (in CAPS document) or 

‘Doing mathematics’ (Cognitive demand) type of a task is because the researcher’s idea was 

not to evaluate the learners’ in term of who is at higher order or lower level. The aim of the 

study is to see the problem solving skills of the majority of the learners based on their 

conceptual reasoning hence much consideration was given to the middle zone (cognitive Level 

two and three according to CAPS or procedures without connections and procedures with 

connections according to cognitive demand). 

The levels of cognitive demand Stein & Smith, (1998) and their interpretations are below: 

 Memorisation; involves reproducing previously learned facts, rules, formulae, or 

definitions. 

 Procedures without connections; are algorithmic – have no connection to the concepts 

or meaning that underlies the procedure. 

 Procedures with connections; the use of procedures for the purpose of developing 

deeper understanding mathematical ideas. 

 Doing mathematics; requires complex and non-algorithmic thinking. 
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Concepts Tested by the LAT Questions per section and their Cognitive Demands 

Sections    Que. no.  Levels of Cognitive demand  Concepts Tested              

A   1  Procedure without connection Mole calculation       

  2 Procedure without connection Mass calculation      

  3 Memorisation     Ratio of mole       

  4  Procedure without connection Terminology of mole      

  5  Memorisation    Meaning of a term           

B   1  Procedure with connection  Balance equation       

Calculate molar mass 

Calculate moles 

Use mole ratio 

Calculate mass 

2  Procedure with connection   Use a balanced equation  

Calculate molar mass 

Calculate moles 

Use mole ratio 

Calculate mass 

3  Procedure with connection   Calculate moles       

Determine the mole ratio 

Compare quantities 

                        Determine limiting reactant 

4  Procedure without connection  Calculate volume using Vm 

Change subject of the formula  

Use ratio & proportion 

Convert units 

5  Procedure with connection   Balance equation 

Calculate molar mass 

Calculate moles 

Use mole ratio 

Calculate mass 

Calculate percentage yield 

 

 

 

3.4.2 Questionnaires   

Questionnaires which are the most widely used data collection technique are used to collect 

data from a large number of participants in educational research (Biljon, 2014). Therefore, both 

teachers and learners answered a semi-structured questionnaire. The teachers’ questionnaire 

was called Teacher Stoichiometry Questionnaire (TSQ) while that of the learners’ was called 

Learner Confirmatory Questionnaire (LCQ). 
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3.4.2.1 Teacher Stoichiometry Questionnaire (TSQ)  

The teacher questionnaire was called Teacher Stoichiometry Questionnaire (see appendix B) 

which was in three parts. The first part of the questionnaire contained basic questions to obtain 

teachers’ demographic information such as age, gender, highest qualification, subject majors 

and teaching experience. The second part was to determine from teachers’ perspective, what 

conceptual reasoning and problem-solving errors learners make when solving stoichiometry 

problem. This part of the questionnaire is based on the researcher’s National Senior Certificate 

(NSC) examination marking experience and day to day assessment of learners. Also portions 

of the second part of the TSQ was adapted from sources of learners’ errors (section 2.6.1) as 

reported by (Kousathana & Tsaparlis, 2002).  

The final part consisted of six-point Likert scale questions to elicit teachers’ views about 

learners’ problem-solving skills and conceptual reasoning on stoichiometry and the teachers’ 

way of teaching (Kotoka, 2013). On the scale, six was for strongly agree, five for agree, four 

for slightly agree, three for slightly disagree, two for disagree and one for strongly disagree. 

The advantages of using a Likert-type scale are, they provide flexibility, they are generally easy 

to understand and use, and the difference in intensity between items can be demonstrated 

(Babbie, 2013). 

 

3.4.2.2 Learner Confirmatory Questionnaire (LCQ)  

The learner questionnaire known as Learner Confirmatory Questionnaire (LCQ) basically 

consisted of two parts where part one was on learners’ demographics (age, gender and home 

language) and part two comprised six-point Likert scale questions (see Appendix C). In the 

second part of the LCQ, the learners’ are expected to confirm  or refute the responses that were 

put across by their teachers in the TSQ (Cohen et al., 2007). Both teachers and the learners 

have common items to which they must respond to. The aim here is to find out whether the 

learners will validate their teachers’ responses. Hence the name of this questionnaire; learner 

confirmatory questionnaire. 

 

3.4.3 Classroom Observation Schedule (COS)  

Classroom observation schedule allows researchers to gather “live data from naturally 

occurring social situations” (Cohen et al., 2007). Observation is one of the common ways of 

gathering information that help make sense of educational practices (Dhlamini, 2012).  Robson, 

(2002) explains that observation “provides a reality check” because “what people do may differ 
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from what they say they do”. Therefore, in the qualitative research process of the current study, 

a classroom observation schedule was used for data collection prior to the administering of the 

achievement test and the other instruments to verify the teachers’ ways of teaching.  

Kang & Wallace, (2005) provided guidelines for classroom observation with the aim to link 

goals and practices. These guidelines were used when the COS was developed. COS was 

developed in such a way to collect information on how the teacher introduces the lessons, 

reviews the learners’ previous knowledge, learner involvement in the lessons, teacher’s ability 

to teach the content stoichiometry and its related concepts effectively, the resources used and 

whether the teacher follows the work plan and the curriculum in the teaching.  

The following items guided the classroom observations schedule (see appendix O and P): 

 Teacher content knowledge example, he explains concepts clearly and scientifically 

correct. 

 Teacher preparation prior to lesson; teacher presents lesson according to curriculum 

expectations.  

 Consideration of learners’ prior knowledge. 

 Teacher set achievable lesson objectives. 

 Teachers’ class management. 

 Logical teaching or presentation (teacher provides well-designed materials for the 

lesson and use different resources). 

 Teachers’ ways of assessment (example, teacher teaches learners to use different 

formulae to solve problems where necessary). 

 Integration of different subjects into Physical Science. 

 Teacher provide learners with exercises but not overloading working memory of 

learners. 

 Remedial to rectify misconceptions (teacher make follow-up to check whether learners 

understand). 

 

3.4.4 Teacher Lesson Plan (TLP)  

There are some resemblances between the teacher lesson plan and the classroom observation 

schedule because parts of the classroom observation schedule were designed along the TLP. 
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Comparing the COS and TLP some items were similar. For instance, the two instruments were 

both designed to collect data on for example, grade, topic, learners’ previous knowledge, and 

lesson objectives. They also indicated common items such as resources the teachers used, 

lesson presentations, learner assessment and remedial.  

The participating teachers had to provide sample lesson plans based on a template designed by 

the researcher for purposes of uniformity (see appendix E). The reason for the lesson plan 

template was to get specific responses from the teachers, coupled with the fact that teachers 

generally do not want to write daily lesson plans (Tummons, 2010). The template was designed 

using different lesson plans from various sources but are in line with GDE lesson plans. The 

template for the teacher lesson plan (TLP) was aimed at collecting information on total time 

allocated to the topic stoichiometry, content knowledge, aims and objectives of the teacher as 

well as resources available to name but a few.  

Again, the lesson plan template was chosen to obtain data from the teachers to avoid the issue 

of teachers’ hesitation to take part in a written test (Ogbonnaya, 2011). By the help of the lesson 

plans and the observation schedule, it was hoped that the researcher would observe the lessons 

and review the way the teaching was done, the available resources used during the teaching 

and challenges faced by the teachers if any, indicated on the teachers’ lesson plans and from 

the teachers’ responses (Kanjee, 2009).  

 

3.4.5 Learner Interview Schedule (LIS) 

Semi-structured interviews are generally favoured in research studies due to the fact that they 

are flexible and can be used to follow up on incomplete and unclear responses (Harries & 

Brown, 2010). The Learner Interview Schedule (LIS), a semi-structured schedule was designed 

(see appendix D)  

The researcher conducted a face-to-face interview with learners upon conclusion of the LAT 

to seek for clarity of information about whether the learners had understood the test they wrote 

on stoichiometry and its related concepts. The interview was designed to determine learners’ 

experiences during the test and whether the choosing of the correct objective answer showed 

that the learners knew why the other choices were wrong (Gultepe et al., 2013). 
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3.4.6 Learner Workbook (LWB) 

According to CAPS (DoBE, 2011) the stoichiometric topics should be treated at the same 

stipulated period and the various sub-topics must all be treated around the same period. One 

data source was not enough to determine the relationship of the learners’ problem-solving skills 

and learners’ conceptual reasoning on concepts in stoichiometry.  The reason being that out of 

the eleven schools, six schools were sampled for observation where the researcher observed 

the teachers’ ways of teaching. Therefore, learners’ who are almost always present at school 

and learners who keep good record of class activities were targeted. 

 

3.5 Validity and Reliability 

3.5.1 Validity 

Validity demands that an item measures or describes what it is supposed to measure or describe 

(Bulsara, 2014). When developing the instruments, vague items were avoided, as well as 

leading questions, negatively phrased questions, double-barrelled questions, biased items and 

sensitive or threatening questions. The validity of instruments and how they were addressed 

are as discussed below. 

 

 

3.5.1.1 Validity of Learner Achievement Test (LAT) 

The learner achievement test was given to four experts (cluster leader, HOD, district subject 

advisor and a seasoned senior teacher) of reputable standing in content and curriculum in the 

field of science education, for their critiques and comments to ensure a high level of validity. 

The experts in the field checked if the test instrument was in line with current research issues 

about the studying of stoichiometry (Grade 11 Physical Sciences work schedule) in the teaching 

and learning of chemical concepts and to check time required to complete the test (DoBE, 

2011). This was done to check content validity, including forms of face validity (Johnson & 

Christenson, 2012). Both forms of validity were established based on personal judgements.  

For example, there was a suggestion that open-ended questions that requires learner thinking, 

be incorporated in the test since conceptual reasoning and problem-solving skills are being 

tested. 
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3.5.1.2 Validity of Questionnaires (TSQ and LCQ) 

The questionnaires were given to two senior teachers, five learners and an expert (district 

subject advisor) in the field of science for vetting to establish whether the items in the 

questionnaires relates to what they were meant to measure and whether the language is 

appropriate for the relevant respondents. They were tasked to identify areas of weakness like 

the phraseology, spellings, grammar, and ambiguity.  

The researcher considered all suggestions made by the readers and experts. Some of the 

questions were discarded because they were not appropriate to the study based on the 

recommendations of the experts who vetted the questionnaires. For instance, there was a 

statement on both teacher and learner questionnaires that require the teacher-learner ratio in 

Chemistry classes. This item was removed from the learner questionnaire. More relevant 

questions were incorporated into the questionnaires that could suit both teachers and learners.  

Following the comments and recommendations made by the respondents the instruments were 

modified including rephrasing of the questions; reducing the number of questions and reducing 

the length of the questionnaires. For example, at section B of TSQ, there were two similar items 

on ‘misunderstanding’ of concepts by leaners, one was removed.  

 

3.5.1.3 Validity of Classroom Observation Schedule and Teacher Lesson Plan 

For validation, the observation schedule (COS) and Teacher Lesson Plan (TLP) were given to 

the four experts (cluster leader, HOD, district subject advisor and a seasoned senior teacher) 

experts in Physical Science in the Tshwane North District in Gauteng province to read and 

make corrections and suggestions. This is to ensure both face and content validity. Also, data 

from classroom observation schedule and Teacher Lesson Plan was cross validated through 

convergent validity.  

The foregoing validation process made it possible for converging as well as diverging 

responses to be noted and interpreted. In this regard, Anderson, (1990) argues that conclusions 

suggested by different data sources are far stronger than those suggested by one alone. Lastly, 

triangulation characterized the validation of data from one data source to the other. 

Triangulation refers to a process of comparing data from different sources, especially if the 

generated data was supposedly exploring the same phenomenon. The use of overlapping 

methods in this case would then help to strengthen the validation process. 
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3.5.1.4 Validity of Learner Interview Schedule (LIS) 

For face validity, the learner interview schedule was given to experts. Following the comments 

and recommendations made by the above respondents the instruments were then modified. 

Their recommendations were incorporated including rephrasing of questions; reducing the 

number of questions; altering the sequencing of questions to enable logical flow of the 

questions and reducing the length of the learner interview schedule. 

 

3.5.2 Reliability 

Reliability is the degree to which a test consistently measures whatever it measures. Reliability 

tells test users about the consistency of the scores produced in a test and it is therefore important 

for judging the suitability of a test or measuring instruments (Golafshani, 2003).  

 

3.5.2.1 Reliability of the LAT 

The reliability of the test instrument was established after the validity considerations, using the 

Spearman-Brown formula. For this purpose, the test was given to a pilot sample for testing to 

determine the feasibility of the study and to check the suitability of the data collection technique 

and instruments. Test-retest reliability was used to determine the reliability of the achievement 

test. The pilot sample wrote the test twice within fourteen days.  

The marks obtained were used to calculate the Spearman correlation coefficient using SPSS 

version 23 (Siegle, 2013).The Spearman correlation coefficient produced was then used in the 

Spearman-Brown formula to determine the reliability of the test instrument, and a value of 

0.924 was obtained. This showed a high correlation between the two tests which indicated a 

high reliability of the test. 

 

3.5.2.2 Reliability of the Questionnaire 

The reliability of the teacher and learner questionnaires were carried out using Cronbach alpha 

as a measure of the internal consistency of scores from the questionnaires  Cronbach Alpha is 

an important tool used to determine the reliability of instruments by calculating a reliability 

estimate (Creswell, 2012). The internal consistency of the scores from the questionnaires were 

found to be 0.885 in SPSS version 23, for learners and 0,865 for teachers respectively. 
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Reliability is usually expressed numerically ranging from 0.0 to 1.0; so that a high coefficient 

indicates high reliability.  

 

3.5.2.3 Reliability of Classroom Observation Schedule   

Inter-rater reliability is a procedure used when making observations of behaviour (Creswell, 

2012). Observations were made by two individuals who were trained by the researcher prior to 

the observation. The training was done to ensure objectivity and the extent to which the scores 

from the observation can be corroborated. To achieve confirmability, researchers must take 

steps to demonstrate that findings emerge from the data and not their own predispositions 

(Shenton, 2004). The method employed, was that the researcher explained the process of data 

collection, data analysis, and interpretation of the data to the observers. This was to enhance 

objectivity or confirmability of the qualitative data collection and analysis process by having 

other individuals code the data and determine an inter-rater reliability score. 

The observers recorded their observation with a designed checklist and then compared their 

ratings to see if they were similar or different. The above process was done to negate any biases 

that any one individual might bring to scoring and to ensure the reliability of the classroom 

observation schedule (see appendix O). The results were compared and checked for consistency 

and agreements at the end of the observation session. There was about 87% agreement on the 

statements in the schedule for the practice sessions. At the end of two observations, the 

observation schedule was adopted for the main study. 

  

3.5.2.4 Reliability of Teacher Lesson Plan  

Reliability of the Teacher Lesson Plan was determined through a process of repeated usage of 

the teacher lesson plan template. In the repeated usage of the template, a common checklist of 

assessment criteria was employed by the researcher to ascertain that the instrument was 

reliable (Tummons, 2010). 

 

3.5.2.5 Reliability of Learner Interview Schedule 

To enhance reliability in the semi-structured interview schedule, the following precautions 

were taken into account:  
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 To conduct  the interviews in a way to reduce subjectivity and minimise variability 

(Donkor, 2010);  

 To ask the interview questions in the sequence in which they appear in the interview 

schedule and using the same words;  

 To interview all participants under similar conditions; and, 

 To conduct all interviews after contact time, at school. 

These were established by interviewing fourteen learners from another district in Gauteng 

Province. The learners’ responses were consistent, indicating that the learner interview 

instrument was reliable. 

 

3.6 Pilot Study  

A pilot study was conducted in a high school with socio-economic conditions that resembles 

those of the schools which were used in the study. This school was situated in a completely 

different area from where the chosen schools for the study were located. Convenience 

sampling technique was adopted by the researcher for the pilot study. The sample for the pilot 

study was made up of one grade 11 class in a public school (a class of 38) offering Physical 

science and their teacher. This was a group who have already dealt with the chosen topic for 

the research (Peterson & Merunka, 2014).  

 

3.7 Data collection  

Data was collected using an achievement test, questionnaires, a classroom observation 

schedule, interview schedule, and document analysis of learners’ workbook and teachers’ 

teaching lesson plan. The entire data collection period took forty-nine days which is seven 

weeks.  Data collection started on 28th of April 2016 and the whole process ended on 14th June 

2016. One week was used as an introductory week where the researcher visited the participating 

schools for the first time informing the schools about her intentions. It took about four weeks 

to do observation of the lessons. The administration of the learner achievement tests and 

questionnaires lasted for two weeks. 
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The diagram below shows the instruments and data collection procedures. 

 

Figure 3.3: Diagrammatic representations of Instruments and Data collection procedures.  
 

 

 

3.7.1 Quantitative data collection 

3.7.1.1 Learner Achievement Test  

The LAT was administered after the different schools that took part in the study completed 

teaching the knowledge area quantitative aspects of Chemical Change which is stoichiometry 

and its related concepts. The test was marked by the researcher and the test scores were 

recorded, captured into excel and later transposed into SPSS version 23.0 for statistical 

analysis. 

Note that during the marking:  

 No mark was allocated for the calculation of molar masses. 

 No formulae were provided for learners except for percentage yield in question 5 

section B.  

 Standard Temperature Pressure (STP) conditions were stated on the question paper for 

section B question 4. 

 Learners needed to come up with basic formulae such as n = 
𝑚

𝑀
  ; m = nM; n = 

𝑉

𝑉𝑚
 and 

pv = nRT.  

 Periodic tables were provided for learners to refer to. 
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3.7.1.2 Questionnaires  

There were two questionnaires used to collect data in this study namely Teacher Stoichiometry 

Questionnaire (TSQ) and Learner Confirmatory Questionnaire (LCQ).  

 

3.7.1.2.1 Teacher Questionnaire 

The teacher stoichiometry questionnaire (TSQ) which had three sections was used to collect 

data on teacher demographic information, teachers’ views on reasons for conceptual reasoning 

and problem-solving errors learners make when solving stoichiometry problems, and teachers’ 

teaching approaches. 

 

3.7.1.2.2 Learner Questionnaire 

The learner confirmatory questionnaire was meant to collect data on learner demographic 

information and was meant to collect data on questions that enable learners to approve or reject 

their teachers’ responses on the TSQ. 

  

3.7.2 Qualitative data collection 

The classroom observation schedules, semi-structured interviews, and learner workbooks 

together with teachers’ lesson plans afforded the researcher the opportunity to gain insight into 

the reasoning and cognitive processes of learners as well as some errors learners make during 

problem solving. 

 

3.7.2.1 Classroom Observation Schedule  

Like other data collection instruments in this study the items in the classroom observation 

schedule helped address pertinent issues of the study such as teachers readiness, teaching 

learning materials used during lessons, lesson delivery and lesson objectives among other 

things (Gay, Mills & Airasian, 2009).  With the classroom observations, learners were observed 

daily as they were being taught in their natural environment (own classrooms). For the sake of 

consistency in the use of the classroom observation schedule, only the researcher observed the 

six schools sampled.  

The six schools were conveniently sampled because they were closest to each other and the 

researcher could observe lessons at different times of the day. The schools observed were 
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within ten to fifteen minutes’ drive away from each other.  Hence, it was possible to observe 

all those schools within the normal periods of the individual schools per the school’s period 

based on the school’s timetables. The researcher was moving in between the six schools 

according to the timetables of the different schools as much as possible. However, few lessons 

had to be shifted here and there by the teachers concerned to allow for the observation to be 

done the within 4 weeks.   

The classroom observation schedule had on it each teacher’s code, the lesson number, subject 

title, grade and the topic (see appendix P). Each item on schedule was rated excellent, good, 

fair and poor. For each statement, the researcher’s impression is indicated in the appropriate 

box in front of the statement with X during the lesson observation. The observation schedule 

was used when the researcher observed the participating teachers during their teaching periods 

which enabled the researcher to collect data on the teaching styles of the teachers involved in 

the study. During the observation period while the lessons where been presented, the researcher 

rated the subject teacher appropriately and according to the observation schedule.  

The researcher visited the schools at the time that stoichiometric topics were being taught. 

According to the 2016 Gauteng Province teaching work schedule for grade 11 Physical 

Sciences (Chemical Change) was supposed to be taught over a three-week period. The 

researcher timed her visits to coincide with the lessons.  

In most of the schools around where the research was conducted, the schools are using eleven 

periods of 30 minutes per day timetable. Therefore, the researcher was able to observe five to 

six lessons in a day for the prescribed duration (3 weeks) for the broad knowledge area called 

Chemical Change according to the Gauteng department of education (GDE) work schedule or 

the pace setter. The reality was some teachers were par with the work schedule whereas others 

were a week behind. This gave the researcher an added time or extra days in addition to the 

prescribed duration to observe all the required lessons. Seven lessons were observed for each 

teacher. Field notes were recorded as per the classroom observation schedule.  

 

3.7.2.2 Teacher Lesson Plan 

Data was collected on the grade of the learners, topic to be treated, review of the learners’ 

previous knowledge, and lesson objectives. This instrument also collected information on items 
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such as resources the teachers used, the lesson presentations in term of teacher and learner 

activities, learner assessment and remedial in terms of evaluation and remarks after the 

teaching.  

The researcher discussed the nature of the TLP with the teachers due to the last two items of 

the TLP. The reason being that these items can only be well responded to after the teaching has 

been completed. The teacher lesson plans were given to the teachers prior to lesson observation 

to be completed but in the exception of the two final items on it. Towards the end of the lesson 

observation processes the TLP were returned to the teachers to complete the last two items on 

the TLP. These items are;  

 REFLECTION/ EVALUATION: for example, what went well, what could be 

improved, and how could you improve it. 

 REMARKS: for example, lesson completed, objectives achieved, or point(s) to 

remember for next lesson. 

The teachers completed the TLP and gave them to researcher at the end of their teaching and 

the entire observation sessions. 

 

3.7.2.3 Learner Interview Schedule 

For data collection purposes, the learners were interviewed using the Learner Interview 

Schedule and the interviews were audiotaped. During the interviews, learners’ presented 

knowledge about stoichiometric concepts. The interviews lasted between 10-15 minutes per 

learner. As indicated earlier, the questions were asked by the researcher. The interview 

questions were orally answered by learners and voice recorded by the researcher. 

The learners were chosen based on their test results of term one. The learners were classified 

as either good, average, or weak with the assistance of the subject teachers. Six learners were 

sampled from each school that participated in the interview based on their possible achievement 

in the test.   

 

3.7.2.4 Learner Workbooks 

It was not all the eleven schools involved in the study that were observed. So, it was prudent 

for the researcher to take learners Physical Science workbooks across all the participating 
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schools for appraisal. At the end of assessing the learner’s books, the researcher hopes to speak 

to the data collected on issues such as the full coverage of the topics related to stoichiometry 

using document analysis of learner workbooks in the participating schools to triangulate data. 

Convenience sampling method was employed to select the learner books. This is to help obtain 

evidence of what learners have been taught in all the participating schools as far as concepts in 

stoichiometry are concerned (see appendix S). Three books per school were retrieved and 

photocopied during the data collection stage as part of document analysis.  

 

3.8 Data Analysis Methods 

As stated in section 3.2, an explanatory sequential mixed-method approach was adopted using 

test scores, questionnaires, classroom observation schedule, interview schedule and document 

analysis to gather data to explore the problem-solving skills and conceptual reasoning of 

learners.  

The following instruments were analyzed quantitatively, the learner achievement test (LAT) 

then teacher stoichiometry questionnaire (TSQ) and learner confirmatory questionnaire (LCQ). 

To compute the scores of the achievement test, a correlational analysis as a quantitative 

technique was employed (Creswell, 2012). The computer program Statistical Package for 

Social Sciences (SPSS) version 23.0 was used to do correlational analysis.  The data generated 

from the use of the questionnaires were analysed using frequencies, percentages, mean and 

standard deviation using the SPSS computer software to answer the research questions.  

Qualitative data analysis involved analysing findings from the semi-structured interviews, 

classroom observation schedule, teacher lesson plans and learners’ workbooks through 

document analysis (Cohen et al., 2007). Qualitative data analyses involved organising, 

tabulating and explaining the data in stages.  

The interview questions were planned based on the learners’ answers given to conceptual 

reasoning and problem-solving skills questions. Learners who participated in the interviews 

(appendix D) were coded as Learner 1, Learner 2, Learner 3, etc., where the numbers 1, 2, 3 

corresponded to the numerical sequencing of the learners. The schools were assigned codes for 

example, 01, 02 etc., in that order and questions were coded Q1, Q2 for question one and two 

and so on while A1, A2 are for answer one and two etc.  
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The learner interview recordings were transcribed word for word and then classified according 

to themes to be able to paraphrase common patterns and experiences (Saldana, 2015). The 

problem-solving skills that were identified in the analysis of the learner achievement test such 

as mole calculations; balancing of chemical equations were used as guides in this phase of the 

analysis and any new findings that emanated from the interview was noted.  

Subsequently, the learners’ interviews were analysed using themes, checking similarities and 

differences with the themes emerging from the interviews (Wicks, 2017). Due to technical 

problems, two audiotapes out of eleven could not be used, so nine were eventually used for 

analysis (the audiotapes excluded were from schools with code 04 and 07). The data from the 

interview transcripts were used to substantiate and validate the results from analysis of the test. 

The observations assisted the researcher to experience and collect first-hand information on the 

way the learners were taught (teacher’s teaching style). At the end of the observation, data 

collected were analysed using percentages of the ratings and triangulated with data from the 

rest of the other research instruments. Data analysis of the teacher lesson plans as well as 

learner workbooks were that of document analysis. 

 

3.9 Ethical Considerations  

If the research involves questionnaires or interviews with human beings, then it requires an 

ethical approval prior to the beginning of the research. This is done to save the personal 

freedom and for the safety of the participants (Gay, et l., 2009). Therefore, ethical approval 

was taken prior to the beginning of the field research since learners and teachers are involved 

(Einarsdóttir, 2007). For this research, in compliance with the University of South Africa 

research ethics policy (see appendix L), all precautions were taken before the data collection 

process to adhere to the ethical measures to respect the integrity, confidentiality, anonymity, 

privacy, caring, consent and humanity of the participants.  

Permission was also obtained from the Gauteng Provincial Department of Education (see 

appendix K), through the Tshwane North District before the data collection stage of the study 

was implemented. Written consent from the participants were obtained (see appendix H and J). 

A detailed description and objectives of the study were given to the learners and teachers. In 

addition, the learners and teachers were informed of their right to withdraw from the research 

at any time during the study, if they so deem it necessary.  
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Learners were informed that an audio-recorder was to be used in interviews. They were, also, 

informed that some of their written responses to the problem-solving test were to be scanned 

and presented in the research document to be produced. They were assured that their responses 

will be treated confidentially and used for research purposes only. 

Therefore, the names of participants and the names of their schools were not revealed in the 

study; rather, codes were used instead of names. Confidentiality and anonymity was explained 

to teachers and learners in the letters of informed consent (Makwakwa, 2012).  

 

3.10 Overview 

This chapter commenced with the study design, followed by the discussion of sample and 

sampling technique. The various instruments were discussed in terms of how each of them was 

developed, used for data collection and data analysis. The chapter addresses the validity and 

the reliability of the instruments and how the pilot study was conducted. Lastly, the ethical 

issues of the study were considered. 
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CHAPTER FOUR  

4. PRESENTATION OF RESULTS 

 

4.1 Preamble  

The chapter commences by outlining the data obtained using the different data gathering 

procedures used in this study, namely, learner achievement test (LAT), teacher and learner 

questionnaires (TSQ and LCQ), document analysis (TLP and LWB), semi-structured 

interviews (LIS), and lesson observations (COS). In the chapter, the results of the study on 

stoichiometry are presented.  The chapter was closed with a brief summary of results and their 

link to the literature. 

 

4.2 Learner Achievement Test 

One of the instruments used for the study is learner achievement test dubbed LAT (see section 

3.4.1 and appendix A).  

 

4.2.1 Quantitative analysis of the Learner Achievement Test  

Quantitative method generally involves collecting numerical data that can be subjected to 

statistical analysis (Terrell, 2012). The test scores being a numerical data were analysed 

quantitatively.  

 

4.2.1.1 The Output of objective options verses their conceptual reasoning.  

Four hundred and ten (410) learners wrote the learner achievement test. In part A, five question 

pairs were set. The instruction was to choose the objective option and provide a reason for your 

choice (conceptual reasoning). The test scores were used to run a statistical analysis. The 

objective choices were run against their conceptual reasoning. The purpose for running the 

correlation for only the section A part of the test was to ascertain if the learners’ choice of the 

objective options were merely due to chance or not. Is it the case that when a learner gets the 

objective choice right, he or she automatically gets its justification or the reasoning right? Or 

if a learner gets the objective choice right, he or she gets the justification wrong and or vice 

versa. 

The descriptive statistics of the conceptual reasoning behind the choice of the objective option 
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and the objective questions as well as the means and the standard deviations and number of 

learners are presented (see table 4.1).   

 

 

Table 4.1  

Descriptive Statistics 

 Mean Std. Deviation N 

Conceptual Reasoning Q1 1.44 .886 410 

Conceptual Reasoning Q2 1.16 .976 410 

Conceptual Reasoning Q3 .95 .987 410 

Conceptual Reasoning Q4 .78 .961 410 

Conceptual Reasoning Q5 .93 .991 410 

Objective Q1 .94 .244 410 

Objective Q2 .79 .408 410 

Objective Q3 .45 .498 410 

Objective Q4 .58 .494 410 

Objective Q5 .80 .404 410 

 

The table of correlation (see table 4.2) shows a Pearson correlation for the objective test scores 

and their justification which speaks to conceptual reasoning. Correlation is significant at the 

0.01 level 2-tailed and at 0.05 level 2-tailed. The correlation coefficient shows the strength of 

the linear relationship between the variables. All the correlation coefficients were between 0.3 

and 0.6 demonstrating a strong correlation.  

From the table, the significant 2-tailed is 0.000 which is less than 0.01 and 0.05 and since the 

0.000 is less than the chosen significance levels, then the correlation observed is statistically 

significant between the variables. Therefore, the choice of the objective options and the 

justifications were not by chance and there is enough evidence to show that this correlation 

observed does exist between the variables. For this reason, the null hypothesis that said, “There 

is no relationship between a learner choosing the right objective option and the right conceptual 

reasoning” was rejected.  
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Table 4.2                                                                                                                                                                          

Correlations between the Objective Question scores and their Conceptual Reasoning 

 
Objective 

Q1 

Objective 

Q2 

Objective 

Q3 

Objective 

Q4 

Objective 

Q5 

Conceptual          Pearson      

Reasoning Q1      Correlation .367**  .073 -.118* .089 .020 

                             Sig. (2-tailed) .000 .141 .017 .072 .691 

                             N 410 410 410 410 410 

Conceptual          Pearson      

Reasoning Q2      Correlation .176** .472** .108* .020 .12* 

                             Sig. (2-tailed) .000 .000 .028 .694 .014 

                             N 410 410 410 410 410 

Conceptual          Pearson      

Reasoning Q3      Correlation .148** .197** .467** .229** .119* 

                             Sig. (2-tailed) .003 .000 .000 .000 .016 

                             N 410 410 410 410 410 

Conceptual          Pearson      

Reasoning Q4      Correlation .118* .102* .270** .615** .005 

                             Sig. (2-tailed) .016 .039 .000 .000 .922 

                             N 410 410 410 410 410 

Conceptual          Pearson      

Reasoning Q5      Correlation .112* .174** .235** .136** .426** 

                             Sig. (2-tailed) .023 .000 .000 .006 .000 

                             N 410 410 410 410 410 
**Correlation is significant at the 0.01 level (2-tailed). 

* Correlation is significant at the 0.05 level (2-tailed).  

 

 

4.2.1.2 Regression output of Objective choices and their Conceptual reasoning 

Regression is a statistical measure that attempts to determine the strength of a relationship 

between two variables. Regression goes beyond correlation by adding prediction capabilities 

(Hennie, 2013).  For that matter, regression was run for the same objective questions against 

their conceptual reasoning to see the strength of the significance of the two variables on each 

other. Each question was run separately, hence there are five different outcomes or tables for 

the model summary and their coefficients.  

As a rough guide, the following rule of thumb can be used to see how well a model fits the data 

(Muijs, 2010): 

 < 0.1: poor fit  

 0.11 – 0.3: modest fit 

 0.31 – 0.5: moderate fit 

 ˃ 0.5: strong fit 
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4.2.1.2.1 Objective question one and its Conceptual Reasoning  
 

Table 4.3  

Model Summary for question one 

Model R R Square Adjusted R Square 

Std. Error of the 

Estimate 

1 .367a .134 .132 .227 

a. Predictors: (Constant), Conceptual Reasoning Q1 
 

 

In the table above, the adjusted R square lies between 0 and 1. In this case it is 0.132 (conceptual 

reasoning), which does not suggest that the predictor is particularly good at predicting the 

objective option. The model outcome of 0.132 showed a modest fit comparing it to the rule of 

thumb. The standard error of the estimate (0.227) is a measure of how much R (the conceptual 

reasoning) is predicted to vary. 

From the table of coefficient (table 4.4), the beta value of conceptual reasoning for question 

one is 0.367. The final column in the table gives the statistical significance of the relationship 

between the predictor and the dependent variable. In other words, how likely it is that one 

would have found a relationship this strong in a sample. As can be seen, conceptual reasoning 

(the predictor) is statistically significant at p= 0.00 level. 

 

Table 4.4  

Table of Coefficientsa   for question one 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B Std. Error Beta   

1 (Constant) .791 .021  36.921 .000 

Conceptual Reasoning Q1 .101 .013 .367   7.960 .000 

a. Dependent Variable: Objective Q1 

 

 

4.2.1.2.2 Objective question two and its Conceptual Reasoning 

Table 4.5 is for objective question two and its conceptual reasoning where the adjusted R square 

is 0.221 and the predictor (conceptual reasoning) varies from the dependent variable (objective 

question) by 0.360. The model summary shows a modest fit with a value of 0.221. 
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 Table 4.5  

Model Summary for question two 

Model R R Square Adjusted R Square 

Std. Error of the 

Estimate 

1 .472a .223 .221 .360 

a. Predictors: (Constant), Conceptual Reasoning Q2 
 

 

Table 4.6 below gave a standardized coefficient beta value of 0.472 compared to the significant 

level, it means there is statistically significant relationship between the dependent and the 

independent variables.  

 

Table 4.6  

Table of Coefficientsa   for question two 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B Std. Error Beta   

1 (Constant) .561 .028  20.307 .000 

Conceptual Reasoning Q2 .197 .018 .472 10.826 .000 

a. Dependent Variable: Objective Q2 

 

 

 

4.2.1.2.3 Objective question three and its Conceptual Reasoning 

When objective question three was run against its conceptual reasoning, there was also a 

modest fit as can be seen in table 4.7 below.  

 

Table 4.7: Model Summary for question three 

 

Model R R Square Adjusted R Square 

Std. Error of the 

Estimate 

1 .467a .218 .216 .441 

a. Predictors: (Constant), Conceptual Reasoning Q3 
 

 

The coefficient in table 4.8 below indicated a strong statistical significance. The right objective 

option indeed depends on the learners’ conceptual reasoning. 
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Table 4.8  

Table of Coefficientsa   for question three 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B Std. Error Beta   

1 (Constant) .224 .030  7.417 .000 

Conceptual Reasoning Q3 .235 .022 .467 10.660 .000 

a. Dependent Variable: Objective Q3 

 

 

 

4.2.1.2.4 Objective question four and its Conceptual Reasoning 

Objective question four and its conceptual reasoning recorded a moderate fit with 0.376 

adjusted R square according to the thumb rule stated above. The conceptual reasoning varies 

from the objective choice by 39%, judging from table 4.9 below. 

 

   Table 4.9: Model Summary for question four 

 

Model R R Square Adjusted R Square 

Std. Error of the 

Estimate 

1 .615a .378 .376 .391 

a. Predictors: (Constant), Conceptual Reasoning Q4 
 

 

The coefficient beta for objective question 4 and its conceptual reasoning produced 0.615 at 

the given significant level. The relationship observed therefore, is statistically significant 

between the variables and the choice of the objective options was not by chance. There is 

enough evidence to show that the relationship observed exist between the variables. 

 

 Table 4.10  

Table of Coefficientsa   for question four 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B Std. Error Beta   

1 (Constant) .330 .025  13.276 .000 

Conceptual Reasoning Q4 .316 .020 .615 15.738 .000 

a. Dependent Variable: Objective Q4 
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4.2.1.2.5 Objective question five and its Conceptual Reasoning 

The predictor in table 4.11 is 0.180 (modest fit) and differs from the dependent variable by 

0.366. At a beta value of 0.426, there was a statistical significance between the two variables 

which was not due to chance (table 4.12). The independent variable can significantly predict 

the dependent variable. The higher the standardised regression coefficient, the better the 

prediction of the dependent variable. 

   Table 4.11: Model Summary for question five 

Model R R Square Adjusted R Square 

Std. Error of the 

Estimate 

1 .426a .182 .180 .366 

a. Predictors: (Constant), Conceptual Reasoning Q5 
 

 

    Table 4.12  

Table of Coefficientsa   for question five 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B Std. Error Beta   

1 (Constant) .634 .025  25.606 .000 

Conceptual Reasoning Q5 .174 .018 .426   9.522 .000 

a. Dependent Variable: Objective Q5 

From the regression analysis above, the outcomes showed that the choice of the objective 

option was informed by the conceptual reasoning of learners and not due to chance. The 

regression confirmed that there is strength of significance between the two variables on each 

other (the choice and the reasoning). 

 

 

4.2.1.3 Correlation to show relationship between CR and PSS   

Table 4.13 below illustrate the descriptive statistics giving the means, the standard deviation 

and the number of learners. The correlation was conducted for the learners’ problem-solving 

skills (section B) and learners’ conceptual reasoning (section A) on a whole to see if there is a 

relation between the two. The mean score for learners CR is 8.81 (SD = 3.585) and the mean 

score of learners’ PSS is 8.08 (SD = 5.898).  
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Table 4.13  

Descriptive Statistics 

 Mean Std. Deviation N 

CR 8.81 3.585 410 

PSS 8.08 5.898 410 

 

The table below shows a Pearson correlation in which conceptual reasoning (CR) is the 

independent variable and problem-solving skills (PSS) is the dependent variable. Table 4.14 

below revealed that the Pearson correlation value was 0.483 (sig. at 0.001 ˂ 0.05). The positive 

correlation is almost a moderate correlation which is less than 0.5. Hence the SD of PSS of 

5.898 indicates a wide spread of PSS attained by learners. Since the Pearson correlation has a 

moderate value of significance, it indicates that few outliers may have resulted in this value. 

The correlation revealed a positive relationship between the two variables thus there is a 

positive relationship between conceptual reasoning and the problem-solving skills. 

Table 4.14 

Correlations for Conceptual Reasoning and Problem Solving Skills 

          CR        PSS 

CR         Pearson Correlation 1 .483** 

              Sig. (2-tailed)  .001 

              N 410 410 

PSS       Pearson Correlation     .483** 1 

              Sig. (2-tailed) .001  

              N 410 410 
**. Correlation is significant at the 0.01 level (2-tailed). 

 

The outcome of the Pearson correlation has been used to draw a scatter plot (see figure 4.1 

below). This makes it easier to visualise the relationship between the two construct under 

discussion. With the scatter plot, those outliers can be seen. 
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Figure 4.1: A Scatter plot of Conceptual Reasoning versus Problem Solving Skills. 

 

 

 

4.2.1.4 Regression to show how Conceptual Reasoning predicts Problem Solving Skills  

Regression was done to see how conceptual reasoning predicts the learners’ problem-solving 

skills in order to argue that the relationship between the CR and PSS is statistically significant. 

Table 4.15 indeed gave an adjusted R square of 0.231 indicating a modest fit. 

 

Table 4.15: Model Summary for CR and PSS 

Model R R Square Adjusted R Square 

Std. Error of the 

Estimate 

1 .483a .233 .231 5.171 

a. Predictors: (Constant), CR  

b. Dependent Variable: PSS  
 

 

Table 4.16 shows that the regression is significant (beta = 0, 483; p = 0.00), which means that 

the independent variable can significantly predicts the dependent variable. The higher the 

standardised regression coefficient (in absolute terms), the better the prediction of the 

dependent variable. 
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    Table 4.16  

Table of Coefficients   for CR and PSS 

 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

 

t 

 

Sig. 

B Std. Error Beta   

1            (Constant) 1.085 .678   1.600 .000 

              CR .795 .071 .483  11.141 .000 

a. Dependent Variable: PSS 

 

There is statistically significant prediction between CR and PSS. Thus, conceptual reasoning 

had statistically significant consequence on learners’ problem-solving skills. CR is contributing 

only 23% (the adjusted R square in table 4.15) of variations in the PSS. Therefore, a linear 

regression equation of the general form as the one stated below can be used to determine 

learners’ problem solving skills. 

Coefficient: y = a + bx  

    PSS = 1.085 + 0.795CR 

Where: PSS – problem solving skills represents ‘y’ 

 CR – conceptual reasoning represents ‘x’ 

 a – is the y-intercept (known as the regression constant) 

 b – is the slope (known as the regression coefficient) 

a and b – represents Unstandardized Coefficients 

Therefore, from the equation, the regression coefficient of 0.795 means that, in this model, a 

learners conceptual reasoning increases by 0.795 with each additional mark. The interpretation 

of the constant (a = 1.085) is often not useful (Schneider, Hommel & Blettner, 2010).  

 

4.2.2 Qualitative analysis of the Learner Achievement Test  

Qualitative method relies on the views and the opinions of respondents (Fischler, 2014).  

Therefore, the researcher wants to use the qualitative results to shape the quantitative results. 

 

4.2.2.1 Conceptual reasoning questions (section A) 

Conceptual reasoning per this study means when a learner reasoned through the concepts in a 

given problem and apply adequate problem-solving skills to resolve it, then the learner 

understands the problem. The table 4.17 below shows the number of learners making the right 

objective choices in terms of the answers and justifying their choices correctly. The reasoning 
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or the justification had been categorised into ‘no conceptual reasoning’ (NCR), ‘partial 

conceptual reasoning’ (PCR) and ‘good conceptual reasoning’ (GCR). A correct objective 

choice was awarded one mark, NCR was awarded zero-mark, PCR was awarded one mark and 

the GCR was awarded two marks. The connotation of NCR was that the learner gave incorrect 

reason or no reason at all for his/her choice of an objective answer. PCR means the learner 

gave a faint or a partial valid reason; incomplete reason and or imprecise answer.  GCR would 

mean the learner stated a sound conceptual reasoning; a completely valid reason and or a 

precise answer for his/her objective choice. 

 

Table 4.17                                                                                                                   

Number of Learners making the right choice of objective answers and justifying their 

choices 

QUE 

No. 

CONCEPTS 

TESTED 

RIGHT 

OBJECTIVE 

OPTION   

NO 

CONCEPTUAL 

REASONING 

PARTIAL 

CONCEPTUAL 

REASONING 

GOOD 

CONCEPTUAL 

REASONING 

1 Mole calculation 

 

381 111 11 288 

2 Mass calculation 325 170 8 

 

232 

3 Use of Mole 

ratio 

 

189 212 9 189 

4 Difference 

between moles, 

atoms, mass, 

volume etc 

228 240 12 158 

5 Determining 

Limiting 

reactant 

325 219 5 186 

 

The above table 4.17 has been represented in the form of a double bar graph showing learners’ 

right objective answers and their justifications in percentages. The double bar graph below 

shows the percentages of learners against the different question numbers. Each question had 

an objective part and the reasoning or the justification part, which was further splitted into ‘no 

conceptual reasoning’, ‘partial conceptual reasoning’ and ‘good conceptual reasoning’. For 

question 1, there was 93% right objective option against 70% GCR, then 27% NCR and 3% 

PCR. In question 2, there was 79% right objective choice made and 57% GCR against 41% 

NCR and 2% PCR. Wonderfully, for question 3, there were 46% for both right objective 

choices and GCR and rather 52% for NCR and 2% PCR. Question 4 recorded 56% right 

objective options, 59% NCR, 3% PCR and 39% GCR of which the highest percentage was no 

conceptual reasoning. Finally, there was 79% correct objectives and 45% GCR, 53% NCR and 

about 2% PCR registered for question 5.  
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It can be seen from the graph below that questions 1, 2, and 5 were the best answered in terms 

of making the best objective choices and giving the reasons for the choices made. For questions 

3 and 4 the highest percentages were recorded for NCR which means learners could not give 

reasons for their choices. It is obvious that justifications classified as partial conceptual 

reasoning (in between GCR and NCR) was very minimal across all the questions (1% - 3% for 

PCR). The minimal percentage for PCR shows that is either the learner has the right reasoning 

about the concept being tested or he/she does not have the right concept. 

 

 

Figure 4.2: Learners right objective answer and its justification in percentages. 
 

 

 

 

Extracts of learners scripts depicting how the marking was done by applying No Conceptual 

Reasoning, Partial Conceptual Reasoning and Good Conceptual Reasoning are displayed 

below. 
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4.2.2.2 Section B: Problem Solving Skills questions 

The second part of the learner achievement test was titled section B. This section was meant to 

collect data on problem solving skills of the learners. Each question was allocated five marks 

as stated under section 3.3.1. One mark each for the formula, the substitution, the method, 

evaluation, the final answer and the unit where necessary and appropriate. The table below 

illustrates the concepts tested as per the different questions and the use of formula required for 

calculation, method of calculation and writing the required unit where necessary. 

 
 

Table 4.18                                                                                                                

Learners general approaches to the problem-solving skills questions 

QUE 

No. 

CONCEPTS TESTED Wrong 

or No 

formula 

Right 

formula 

Wrong 

method 

Right 

method 

Wrong  

or No 

unit 

Right 

unit 

1 Balance equation & 

calculate Mass 

265 146 301 110 207 200 

2 Calculation of mass 263 145 321 91 185 224 

3 Determine Limiting 

reactant 

241 175 234 144 222 168 

4 Calculate Volume at STP 162 247 153 254 177 228 

5 Calculate Percentage 

yield 

217 186 294 111 189 204 

 

 

Generally, the researcher looked at the concepts tested in the various questions relating to 

writing of formula, using a method and writing units for all final answers. For the use of the 

formula, two hundred and seven (247) of the learners did it right in question four compared to 

all other questions and so the number of learners in question four who wrote the right formula 

were above those who wrote the wrong formula, same as the application of the right method 

(yellow bar).  Still, with the application of the method, it was obvious that question two 

(calculation of mass) was the most poorly managed (brown bar). As far as units were 

concerned, question one was about 50-50 done, thus 207 learners got it wrong and 200 did it 

right but as for question two, four and five the learners wrote more right units for their answers 

than wrong units. With question three, there were more wrong units than right ones, which is 

opposite to what transpired in questions two, four and five. These can be clearly seen in the 

multiple bar graph below. 
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Figure 4.3: Learners approaches to Problem Solving Skills questions. 

 

4.2.2.3 Section B: Learners step by step approaches to Problem Solving Skills questions 

The learners step by step approaches to problem solving skills questions is shown in the table 

4.19. The number of learners who answered individual questions in a way, say those who got 

answers completely wrong, completely right, partially right and those who did not answer any 

question at all are all shown in the table.  

     

Table 4.19                                                                                                                                                                          

Learners Step by step Approaches to Problem Solving Skills questions 

Question 

Number 

Completely 

Wrong 

Completely 

Right 

Partially 

Right 

Not Answered 

At all 

1 142 67 194 7 

2 150 56 180 24 

3 202 16 156 36 

4 87 158  115 32 

5 115 62 173 60 
 

Analysing learners’ step by step approach to solving questions using problem solving skills 

revealed that 194 learners could not fully solve question one just as in question two, where 180 

learners partially solved the question. As many as 202, approximately 50% of the learners 

solved question three wrongly and only 16 of them got it fully right. Most learners (158) 
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completely solved questions four, and many more (115) completed it partially right. Learners 

who did not attempt any question at all are 1.7% for question one, 5.9% for question two, 8.8% 

for question three, and then 7.8% and 14.6% for questions four and five respectively. This 

scenario is represented in the graph below. 

 

 

Figure 4.4: Step by step approach to Problem Solving Skills questions by leaners. 
 

The trend of some learners not attempting the questions increased from question one to five 

(purple bar). But the trend of learners partially solving a question and scoring part of the mark 

was on the decline from questions one to four except in question five (green bar). Question 

four was the most completely done and scored question whereas question three was the least 

(red bar). The others were averagely ‘completely right’ in terms of solving the questions. It is 

the same way it was for the blue bar that represents ‘completely wrong’. 

 

4.2.2.4 Section B: Problem Solving Skills Demonstrated by learners  

The table below shows the question numbers splitted into the expected demonstrated skills by 

the learners, the number of learners who showed right method and wrong method expressed in 

percentages.  
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  Table 4.20                                                                                                                     

Problem Solving Skills Demonstrated by the learners in each question 

Question 

number 

Skills Learners are Expected to 

Demonstrate 

Wrong 

method 

Percentage 

(%) 

Right 

method 

Percentage 

(%) 

1 Balance equation 185 45.1 225 54.9 

Calculate molar mass 291 70.9 119 29.1 

Calculate moles 320 78.0 90 22.0 

Use mole ratio 228 55.6 182 44.4 

Calculate mass 343 83.7 67 12.3 

2 Use a balanced equation 203 49.5 207 50.5 

Calculate molar mass 322 78.5 88 21.5 

Calculate moles 323 78.9 87 21.1 

Use mole ratio 190 46.3 220 53.7 

Calculate mass 346 84.4 64 15.6 

3 Calculate moles 266 64.9 144 35.1 

Determine the mole ratio 357 87.1 53 12.9 

Compare quantities 378 92.2 32 7.8 

Determine limiting reactant 369 90.0 41 10.0 

4 Calculate volume using molar 

volume 

151 36.8 259 63.2 

Change subject formula/use ratios 155 37.8 255 62.2 

Convert units 190 46.3 220 53.7 

5 Balance equation 187 45.6 223 54.4 

Calculate molar mass 286 69.8 124 30.2 

Calculate moles 288 70.2 122 29.8 

Use mole ratio 307 74.9 103 25.1 

Calculate mass 317 77.3 93 22.7 

Calculate percentage yield 320 78.0 90 22.0 
 

Mostly, learners demonstrated more wrong method during their problem-solving process 

compared to right method. The percentage wrong and right for questions one and two are 

almost around the same level for all the aspects, compared to that of question three where there 

is a much variation in the percentage wrong and right. But for question four the percentage 

right supersedes the percentage wrong. In question five the percentage wrong was on the rise 

while the percentage right was in a decline. The line graph below depicts the percentages of 

learners and problem-solving skills the learners demonstrated per each question. 
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Figure 4.5: Problem Solving Skills Demonstrated by the learners. 
 

 
  

4.2.3 Summary of analysis of the Learner achievement test  

 The correlations showed that the learners’ justifications for their objective options were 

not due to chance. 

 The conceptual reasoning (justification) behind the learners’ choices, significantly 

predicted their objective choices.  

 There is a positive correlation between Conceptual Reasoning and the learners 

Problem-Solving Skills. For this reason, the null hypothesis that said, “There is no 

relationship between learners’ problem-solving skills and their conceptual reasoning” 

was rejected. 

 Conceptual reasoning has statistically significant outcome on learners’ problem-solving 

skills. Hence, the hypothesis “There is no statistically significant relationship between 

learners’ problem-solving skills and their conceptual reasoning in stoichiometry” is 

rejected. 
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 Step by step approach to solving questions using problem solving skills revealed that 

larger number of learners solved the questions completely wrong and partially right as 

compared to fully solving the questions right (see table 4.19). Thus, 142 (35%); 150 

(37%); 202 (49%); 87 (21%) and 115 (28%) number of learners solved questions 1, 2, 

3, 4, and 5 respectively completely wrong and 194 (47%); 180 (44%); 156 (38%); 115 

(28%) and 173 (42%) partially right. 

 Problem solving skills question four was the best scored while problem solving skills 

question three was the least scored. 

 

 

4.2.4 Discoveries emanating from the Learner Achievement Test Marking Process  

It was not taken for granted that learners who picked wrong objective option will give a wrong 

justification neither was it taken for granted that learners with right option will get right 

justification/reasoning. For instance, 189 out of 410 learners (221) indicated the wrong options 

for question three in section A (thus, B = 2:1) but gave the right justification (198 learners) to 

say one mole of oxygen gas is to two moles of carbon dioxide gas (table 4.17). They did not 

apply or observe the right order of the ratio from the question, O2 : 2CO2 = 1: 2 which is a ratio 

of 1 : 2. The learners did not bring out or consider the order of reactant to product ratio. In other 

words, this defeats a good conceptual reasoning. 

Concepts such as atoms, moles, mass and amount of substance were used interchangeably with 

disregard to their specific meanings (section A, question 4). For example, 182 learners could 

not differentiate between atoms, and moles hence they used the two terms interchangeably and 

wrongly. Same applies to the use of atoms and molecules or compounds (Nicoll, 2001). Two 

hundred and forty (240) showed no conceptual reasoning (see table 4.17). 

The test scripts marked showed that learners neither read or followed the instructions guiding 

the learner achievement test (see section 4.2.2.2), especially those of section B. The instructions 

were as follows:  

 Show all the steps in your calculations of the following problems.  

 Do not round off until the very last answer.  

 Do not forget to write the units. Answer the questions on the lines provided below. 

 Make sure you are working with a properly balanced equation where necessary.  



85 
 

Even though the third instruction of section B on the LAT indicated that “Do not forget to write 

units” learners still did not indicate units for their final answers despite the instructions were 

clearly stated on the question paper. Others had difficulty with putting the right units, for 

example, 222 learners for question three alone (see table 4.18).  

As much as 46.3% of learners (see table 4.20) lack the skill of converting from one unit to the 

other example, converting from cubic centimetre (cm3) to cubic decimetre (dm3); metre cube 

to litres in question 3 and 4 of section B. These were also found by  (Halliday, Resnick & 

Walker, 2013) in their study. 

A third (37.8%) of the learners were not able to change subject formula or use simple ratio and 

proportions adequately and so could not solve some of the problems given.   

Learners could not deal conclusively with questions that involved complex and multiple steps 

as can be seen with question three in section B compared to question four which was less 

complex, hence 158 learners were able to solve question four correct and 115 of them solved 

it half way through (see table 4.19). Question 4 was largely picking a formula, substituting into 

the formula and evaluating it or better still using simple ratio to solve it. 

Learners attempted to solve the problems without understanding clearly the information 

presented and what the questions required for example, sixty learners did not attempt question 

five at all and so it was for the other questions (see table 4.19). Although learners were able to 

read what was given, they had difficulty comprehending the problems, this possibly could be 

due to learner’s language barrier. So, more time was spent on comprehension of the problem 

than solving the problem (Mochesela, 2007). 

 

4.3 Questionnaires  

Two questionnaires were used in this study, namely Teacher Stoichiometry Questionnaire 

(TSQ) and Learner Confirmatory Questionnaire (LCQ). For the purpose of this questionnaires, 

problem solving skills refers to the process of working through details of a problem to reach 

solution which may include mathematical or systematic operations and can be a gauge of an 

individual’s critical thinking skills, and conceptual reasoning refers to a specific type of thought 

that involves thinking in abstract as well as creative thinking and reflection.   
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4.3.1. Teacher Questionnaire 

The TSQ had three sections which consists of section A; teacher demographic information, 

section B; causes of conceptual reasoning and problem-solving errors learners make when 

solving stoichiometry problems, and section C; teachers’ teaching approaches. 

Table 4.21 below contains the information on the background of the teachers who responded 

to the teacher stoichiometry questionnaire. In the table are the ranges of the teachers’ ages, 

experiences, subject specialisations and gender. 

 

4.3.1.1 Teachers’ Demographic  
    

 

Table 4.21                                                                                                                                                                         

Teachers background information 

CONSTRUCT RANGE NUMBER OF RESPONSES 

AGE 20-25 0 

 26-30 1 

 31-35 0 

 36-40 3 

 40+ 9 

   

GENDER Male 9 

 Female 4 

   

EXPERIENCE 0-5 1 

 13-14 4 

 14-15 1 

 16-20 3 

 20+ 4 

   

SPECIALISATION SUBJECT  

 CHEMISTRY 2 

 PHYSICS 2 

 PHYSICS & CHEMISTRY 2 

 MATHS & SCIENCE 6 

 MATHEMATICS 1 
 

   

As part of the teacher demographic, the teachers’ qualifications were collected and classified 

from certificate to degrees and others as shown in table 4.22 below. The lowest qualification 

being Secondary Teachers Diploma and the highest being Masters in Science. 
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Table 4.22                                                                                                                                                                      

Teachers background information on qualification 

QUALIFICATION ACADEMIC PROFESSIONAL OTHERS 

STD  2  

FDE 1   

ACE 1   

DIPLOMA 2 2  

PGCE  2  

B. ED HONS  3  

B.SC HONS 5   

MSC 2 3  

OTHERS   4 
 

 

 

4.3.1.2 Reasons for Common Errors learners make when solving stoichiometry problems 

According to the Teacher Stoichiometry Questionnaires, the reasons for learners’ common 

conceptual reasoning and problem-solving errors are those tabulated in table 4.23 below. Major 

amongst the reasons are; 

 Misconception   

 Carelessness  

 Language barrier 

 Misinterpretation  

 Misunderstanding  

 Inability to use correct approach 

    

Table 4.23                                                                                                                                                                        

Teachers responses to reasons for learners’ common errors 

CAUSES NUMBER OF RESPONSES 

Hastiness (Hurriedness 4 

Thoughtlessness 7 

Route learning 4 

Carelessness 12 

Misunderstanding 9 

Memorization 6 

Misinterpretation 11 

Misconception(s) 12 

Language barrier 11 

Inability to use correct approach 9 
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4.3.1.3 Teachers’ Teaching Approaches 

Section C of the TSQ was designed to collect data from teachers using six-point Likert scale 

(Kotoka, 2018). It required the teachers to rate their views on teaching and learning of 

stoichiometry in grade 11 Physical Sciences.  On the rating scale, Six (6) was for strongly agree 

(SA), Five (5) for agree (A), Four (4) for slightly agree (StA), Three (3) for slightly disagree 

(StD), Two (2) for disagree (D), and One (1) for strongly disagree (SD). The teachers had to 

respond to sixteen different items on the section C part of their questionnaire. The responses 

the teachers’ gave to all the items on their questionnaire are presented below in table 4.24. 

   

 

 Table 4.24                                                                                                                            

TSQ Responses of the participating teachers 

 TEACHERS RESPONSES 

  TQ
1 

TQ
2 

TQ
3 

TQ
4 

TQ
5 

TQ
6 

TQ
7 

TQ
8 

TQ
9 

TQ
10 

TQ
11 

TQ
12 

TQ
13 

TQ
14 

TQ
15 

TQ
16 

SD                               2 

D                                 

SL

D 
        1               1 4 1 2 

SL

A 
    3 1 1 3   2 2 1 2 3   1 2 1 

A 6 5 6 4 5 5 3 5 9 6 4 6 6 9 4   

SA 7 8 4 8 6 5 10 6 2 6 4 6 6 2 1 4 
 

 

 

4.3.2 Learner Questionnaire 

The learner questionnaire had section A and section B. Section A was meant to collect learner 

demographic information and section B was learner confirmation form. 

 

4.3.2.1 Learners’ Demographic  

Table 4.25 shows the learners gender and the range of their ages which starts from age fifteen 

to nineteen and above.  
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   Table 4.25                                                                                                                    

Learners background information 

AGE RANGE NUMBER OF RESPONSES 

 13-14 0 

 15-16 142 

 17-18 243 

 19+ 28 

   

GENDER Male 192 

 Female 221 
 

 

 

4.3.2.2 Learner Confirmation Questionnaire 

This part of the questionnaire was also in the form of a six-point Likert scale and it required 

learners to rate their views on teaching and learning of stoichiometry (Kotoka, 2018). The 

purpose of this questionnaire was for the learners to confirm or reject what their teachers were 

saying about teaching stoichiometry (section C of TSQ) to grade 11 Physical Science learners. 

Learners can provide valuable information about what happens within the classroom 

environments but “many studies tend to overlook learners‟ views and inputs (Baloyi, 2011). 

For each statement learners were supposed to mark the appropriate box that correspond to the 

extent of their agreement or disagreement on the rating scale. There are eleven items on the 

LCQ, five less than that of the TSQ. The five that was removed from the TSQ for learners    

were deemed to be better be answered by only the teachers. 

    

Table 4.26   

Responses to LCQ for all schools 

 LQ1 LQ2 LQ3 LQ4 LQ5 LQ6 LQ7 LQ8 LQ9 LQ10 LQ11 

SD 8 9 10 22 40 3 17 18 10 15 5 

D 12 17 17 9 19 4 27 26 17 27 8 

SLD 18 24 26 40 42 16 54 49 51 35 29 

SLA 54 69 80 68 82 56 84 61 88 88 56 

A 120 117 136 94 102 80 122 114 140 121 97 

SA 201 177 144 180 128 254 109 145 107 127 218 
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Table 4.26 above shows the responses of learners from the participating schools on the LCQ. 

In the topmost row of the table are the question numbers represented by LQ1, LQ2 and so forth. 

The totals in the table are the number of learners who responded to each item. Individual 

responses of learners were tallied and the mode (highest occurring number) was taken as the 

overall response of the learners. 

 

4.3.3 Quantitative analysis of Teacher-Learner questionnaires 

To find out if the teachers’ responses were corroborated by their learners’ responses, an 

independent samples t-test was conducted for the two independent groups. For the purposes of 

the statistical test, the items on the learner questionnaire were matched with those on the teacher 

questionnaire (eleven items each). There were five statements more for the teachers than that 

on the learner confirmatory questionnaire (section 4.2.2.2).  Those five items were not included 

during the running of the t-test. 

From the table of independent samples test, the t-value of items 7, 8, and 9 are greater than the 

sig. (2-tailed) values. However, the t-test showed that the t-values of the rest of the items were 

less than the sig. 2-tailed. Using the t-test for independent samples, the researcher found a 

significant difference between teachers and learners at p <0.05 for items four (0.007) and nine 

(0.024). This implies that there is a difference between what the teachers were saying from 

what the learners indicated for those items. If the sig. (2-tailed) is lesser than 0.05, accept the 

null hypothesis. Hence, the null hypothesis which would state that “There is no difference in 

the responses of teachers and learners on their respective questionnaires” would have been 

rejected.  

Below are the statements for which there was no confirmation between the teachers and their 

learners: 

4 My Chemistry teacher assesses our performance after lessons. For examples, through   

             objective test, written test, problem solving test etc. 

9 My Chemistry teacher’s teaching approaches are effective. 

Apart from items 4 and 9, at p <0.05, there was no statistically significant difference between 

what the teachers and their learners said. If the sig. (2-tailed) is bigger than 0.05, accept the 

null hypothesis. So, the null hypothesis would have been said to be accepted, in other words 
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the researcher failed to reject the null hypothesis. The nine statements where the learners 

corroborated with their teachers are listed below.  

1 My Chemistry teacher has sufficient knowledge of stoichiometry. 

2 My Chemistry teacher can apply scientific ways of thinking during his/her teaching. 

3 My Chemistry teacher develops lesson using our previous knowledge on the topic  

5 My Chemistry teacher uses different teaching styles to accommodate different 

 learners. 

6          My Chemistry teacher gives different forms of assessment such as class work,   

            homework, project and research work. 

7 My Chemistry teacher uses wide range (variety) of teaching approaches such as  

            lecturing, group discussion, practical’s question and answers, to teach. 

8 My Chemistry teacher’s classroom is well organized and well managed. 

10 My Chemistry teacher’s teaching approaches guides me in learning stoichiometry. 

11 My Chemistry teacher can integrate relevant learning areas or subjects, like    

            mathematics into teaching of stoichiometry. 

 

Table 4.27 depicts the independent samples test. Due to the length of the statistical table of the 

independent sample t-test, it has been divided into table 4.27a and table 4.27b so that each of 

them can fit onto a page. The next and the subsequent pages shows the tables for the 

independent sample t-test. 
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    Table 4.27a: Independent Samples Test 

 

 

 

 

  Levene's Test for 

Equality of 

Variances t-test for Equality of Means 

  

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Differenc

e 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

  Lower Upper 

Q1 Equal variances 

assumed 
.155 .697 -.599 24 .555 -.15385 .25705 -.68437 .37668 

Equal variances not 

assumed 

  
-.599 23.995 .555 -.15385 .25705 -.68438 .37669 

Q2 Equal variances 

assumed 
.547 .467 .272 24 .788 .07692 .28263 -.50640 .66025 

Equal variances not 

assumed 

  
.272 23.397 .788 .07692 .28263 -.50720 .66105 

Q3 Equal variances 

assumed 
.151 .701 -.232 24 .818 -.07692 .33086 -.75978 .60594 

Equal variances not 

assumed 

  
-.232 23.012 .818 -.07692 .33086 -.76134 .60749 

Q4 Equal variances 

assumed 
2.343 .139 -2.949 24 .007 -.76923 .26086 -1.30762 -.23084 

Equal variances not 

assumed 

  
-2.949 21.965 .007 -.76923 .26086 -1.31027 -.22819 

Q5 Equal variances 

assumed 
1.256 .273 .173 24 .864 .07692 .44522 -.84198 .99582 

Equal variances not 

assumed 

  
.173 18.391 .865 .07692 .44522 -.85703 1.01088 
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   Table 4.27b: Independent Samples Test Continuous 

 

 

4.4 Classroom Observation Schedule (COS) 

Mainly, the classroom observation was conducted to collect data to ascertain each teachers’ 

teaching style and addressing issues such as the extent of curriculum coverage (section 3.4.3). 

Data from the classroom observations schedule were compared with the outcome of the 

quantitative data analysis to make inferences, if any (Zormelo, 2018).  

 

Q6 Equal variances 

assumed 
5.322 .030 -1.069 24 .296 -.15385 .14391 -.45086 .14317 

Equal variances not 

assumed 

  
-1.069 20.276 .298 -.15385 .14391 -.45378 .14608 

Q7 Equal variances 

assumed 
.205 .654 1.213 24 .237 .38462 .31716 -.26997 1.03921 

Equal variances not 

assumed 

  
1.213 23.556 .237 .38462 .31716 -.27063 1.03986 

Q8 Equal variances 

assumed 
5.577 .027 .702 24 .490 .30769 .43853 -.59739 1.21277 

Equal variances not 

assumed 

  
.702 16.694 .493 .30769 .43853 -.61882 1.23420 

Q9 Equal variances 

assumed 
.874 .359 2.412 24 .024 .61538 .25512 .08883 1.14194 

Equal variances not 

assumed 

  
2.412 23.978 .024 .61538 .25512 .08881 1.14196 

Q10 Equal variances 

assumed 
.200 .658 -.277 24 .784 -.07692 .27735 -.64935 .49550 

Equal variances not 

assumed 

  
-.277 23.937 .784 -.07692 .27735 -.64943 .49558 

Q11 Equal variances 

assumed 
1.119 .301 -1.485 24 .151 -.46154 .31088 -1.10317 .18009 

Equal variances not 

assumed 

  
-1.485 23.753 .151 -.46154 .31088 -1.10352 .18044 
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Other instructional aspects of the lessons were also observed. These included teachers’ 

classroom management in the course of the lesson, learner participation and involvement 

during the lesson, content delivery during lesson, usage of other and related educational 

resources to facilitate a problem solving instruction, teachers’ initiatives and instructional 

strategies to develop learners’ problem solving skills, and teachers’ adherence to state 

recommended instructional procedures, etc. These items were included in the classroom 

observation schedule. 

 

4.4.1 Qualitative analysis of Classroom Observation Schedule  

This instrument had twelve items that guided the researcher for the collection of intended data.  

Table 4.28 illustrates item numbers from 1 to 12 and the labels of the items on the classroom 

observation schedule as well as the lessons, the ratings and the number of times an item is rated. 

The numbers in the table indicates the number of times a teacher is rated for a specific item. 

The last column of the table shows the percentage of each rating (poor; fair; good and 

excellent). The percentage is arrived at by summing up the number of times a teacher is rated 

and dividing it by 72 (number of teachers times number of item) then multiplied by 100. The 

aim of this table is to assist the researcher to come up with an overall percentage rating of the 

teachers in each lesson. 
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Table 4.28                                                                                                                                                                                    

The Ratings and Rated items on Classroom Observation Schedule per Lesson 

ITEM NUMBER 1 2 3 4 5 6 7 8 9 10 11 12 % 
R
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LESSON POOR                          

ONE FAIR           4   2       4 14 

  GOOD 3 2 2 2   2   3 4 6 6 2 44 

  EXCELLENT 3 4 4 4 6   6 1 2       42 

LESSON POOR                 1      1 

TWO FAIR       1   1   3 3   5 6 26 

  GOOD 4 2 3 3 1 5   3 2 6 1    42 

  EXCELLENT 2 4 3 2 5   6           31 

LESSON POOR                          

THREE FAIR             6 1 3 5 6   29 

  GOOD 4 5 4 2 1 4   5 3 1   4 46 

  EXCELLENT 2 1 2 4 5 2           2 25 

LESSON POOR                       2 3 

FOUR FAIR 1 1 1     6   3 2 1   4 26 

  GOOD 3 3 4 5 3     3 4 5 6   50 

  EXCELLENT 2 2 1 1 3   6           21 

LESSON POOR                          

FIVE FAIR 1 1 2 1   5   3 5     2 28 

  GOOD 4 2 1 2 3 1 6 3 1   6 4 46 

  EXCELLENT 1 3 3 3 3         6     26 

LESSON POOR                          

SIX FAIR 1   1     2   2 3 1   2 17 

  GOOD   5 5 2 1 3 6 4 3 5 6 4 61 

  EXCELLENT 5 1   4 5 1             22 

LESSON POOR                     2   3 

SEVEN FAIR 1     1 6   1     6 2   24 

  GOOD 4 5 5 2     4 3 1   2   44 

  EXCELLENT 1 1 1 3   6 1 3 5       29 

 

Two bar graphs (figure 4.5a and 4.5b) showing the seven lessons and the four ratings which 

covers all the twelve rated items as reflected in table 4.28 are  presented below. For example, 

each lesson is rated poor, fair, good and excellent and each rating has twelve items. So, for 

lesson one, the ratings were counted and recorded as can be seen in the above table. 
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Figure 4.6a: A graph of the Lessons versus the Ratings. 
 

 

 

 

 

Figure 4.6b: A graph of the Lessons versus the Ratings. 
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The completed classroom observation schedules are presented in the appendix P of this 

research report. The different lessons observed are discussed below. 

 

4.4.1.1 Lesson 1: Mole Concept 

The first lesson was on the Mole concept under which the teachers had to treat the following; 

 molecular mass 

 relative formula mass 

 relationship between moles, mass and molar mass 

 Avogadro’s constant 

 

Most teachers did justice to lesson one because the classroom observation schedule showed 

largely good (44%) to excellent (42%) ratings in the key aspects of the lessons (table 4.28). 

The preparations and the set objectives as well as revision of learners’ prior knowledge for the 

above topic was good; the highest percentage in this case. Teachers’ content knowledge and 

presentations were superb perhaps because it was the first lesson and as the saying goes “first 

impressions last the longest”. On a whole the subtopics under Mole concepts are much 

manageable (see appendix P). 

 

4.4.1.2 Lesson 2:   Molar gas volume; Avogadro’s law; Conditions at STP 

Looking at lesson two closely, it is one of the smallest subtopics under Chemical change 

(DoBE, 2011) and majority of the teachers dealt with it into detailed. Teachers (42%) did good 

and across all the items and 31% did excellent according to the schedule (table 4.28). Teachers 

did not have difficulties teaching concepts on Molar gas volume. Lessons on this topic were 

much relaxed and no problems were observed in the classrooms to be encountered by any 

learner. 

             

 4.4.1.3 Lesson 3: Concentration of Solutions 

Concentration of Solutions was taken as the third lesson and it touches on  

 Preparing standard solution 

 Dilute solutions 
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This lesson was rated good (46%) for most of the items on the classroom observation schedule 

(appendices P1 to 42).  It was observed that 42.9% of teachers employed the use of teaching 

aids and demonstrations to teach and explain the concepts where necessary. All the schools did 

well (52.4%) in their presentation which gave the impression of a good content knowledge of 

the teachers on this very concept as can be seen in table 4.29 and 76.4% of the teachers have a 

good content knowledge of concentration of solutions. 

 

4.4.1.4 Lesson 4: Percentage composition of chemical compounds 

This is a straightforward topic, Percentage composition of chemical compounds is a topic in 

stoichiometry that does not require many formulae and complex steps. In terms of percentage, 

50% of the teachers (figure 4.5b) treated this topic well and learners seemed to understand what 

they had been taught judging from some responses given by learners to oral questions posed to 

them by their teachers. Not much attention was given to this topic throughout the different 

schools because of its simplistic nature. Involvement of learners in lesson 4 was rated excellent 

(50%) and the usage of resources like teaching aids was fair at 50% and class management was 

rated good (61.9%), see table 4.29. On a whole it was a good lesson rated at 50% (figure 4.5b). 

 

4.4.1.5 Lesson 5: Empirical and Molecular formulae 

This topic entails a series of steps in its teaching and requires integration of mathematical skills. 

Most of the teachers did a great ‘job’ in terms of teaching it because there was good usage of 

resources, good learner involvement across the different schools and excellent class control 

(table 4.28 and figure 4.5a). In some of the lessons, thus teachers teaching the same lesson, 

learners were allocated to groups for class discussions. Learners had difficulty understanding 

and following the various steps of the Empirical and Molecular formulae problem solving 

procedures due to the many steps involved. This topic tends to be one of the challenging topics 

for learners hence, the teachers did well (52.4%) with its assessment (see table 4.29). The 

teachers assessed learners on the topic and tried in some cases to do remedial with the learners 

such as reviewing the class activities and homework. 
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4.4.1.6 Lesson 6: Limiting reactants and excess reactants 

This topic borders much on the mole concept and its calculations (more complex stoichiometric 

calculations). During the classroom observation, it was clear due to the kinds of questions the 

learners raised that the learners found it difficult to do the activities on limiting reactant. For 

instance, a learner wanted to know if he can work with a chemical equation without balancing 

it. As a matter of fact, in two of the schools observed, the teachers used peer teaching where 

the most brilliant learners in the class were used to teach the relatively weak learners. This was 

fascinating to observe, and it tends to work out positively. The teachers made use of lots of 

illustrations, scenarios and analogies to introduce the topic to bring it to down to the level of 

understanding for the learners.  It was one interesting but challenging topic the researcher 

witnessed across the schools. Most of the items were rated good and some excellent and few 

others as fair (see both table 4.28 and figure 4.5a and 4.5b). 

 

4.4.1.7 Lesson 7: Percentage yield in a chemical reaction 

Percentage yield in a chemical reaction is also one straight forward topics in stoichiometry 

comparably to Molar gas volume (lesson 2) and Percentage composition of compound (lesson 

4). It comes with one formula but involves some calculations based on Mole concept. From the 

observation schedule, all teachers taught this topic to the best of their abilities (good at 44%) 

even though, less teaching aids were used to teach this topic and there was less assessment of 

this concept generally (table 4.28). Perhaps the above assertion might be due to the nature of 

the topic itself making it difficult to use teaching aids. 

 

4.4.2 Summary of analysis of Classroom Observation Schedule  

Table 4.29 gives a summary of rated items and their ratings expressed as a percentage. There 

were seven lessons multiplied by six teachers which makes the total number of forty-two. 

Hence, the number of each rating was divided by forty-two and multiplied by a hundred to get 

the percentage.  
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Table 4.29                                                                                                                                                                            

Summary of the Ratings on COS Item by Item expressed in Percentages 

 
 

Taking each item on the classroom observation schedule into consideration as can be seen in 

table 4.29 and as presented in figure 4.6, the following needs to be noted:  

The ‘Teacher preparation prior to lesson’ (item 1 in table 4.29) was mostly good (52.4%); In 

totality, ‘Achievable objective(s) set by teachers’ was good (52.4% for item 2); ‘Review of 

learners previous knowledge’ (item 3) was rated good (54.8%); ‘Teachers presentation of 

topics logically’ was excellent at 52.4% (item 4); ‘Teacher content knowledge’ which is item 

5 was excellent (76.2%); ‘Teachers’ use of  teaching aids’ was summed up to be 50%, thus a 

fair rating (item 6); ‘Learner involvement in lessons’ was also excellent (item 7) at 50%; 

‘Teachers’ use of different ways of assessment’ (item 8) was basically rated as good (52.4%); 

‘Teacher teaches learners to use different formulae’ (item 9) was barely good at 50%; ‘Teachers 

use of different resources’ (item 10) was mostly good (90.5%); item 11, ‘Teachers class 

management’ was also good (61.9%); and lastly, item 12, ‘Teachers remedial to clear 

misconceptions’ was fairly done (57.6%). 

The bar graph below (figure 4.6), is presented to support table 4.29 above where the rated items 

were plotted against the individual ratings in percentages. 
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1 Teacher preparation prior to lesson 3 7.1 22 52.4 17 40.5

2 Achievable objective(s) set by teachers 1 2.4 22 52.4 19 45.2

3 Review of  learners’ previous knowledge 5 11.9 23 54.8 14 33.3

4 Teachers presentation of topics logically 1 2.4 19 45.2 22 52.4

5 Teacher content knowledge 10 24 32 76.2

6 Teachers’ use of teaching aids 21 50 16 38.1 1 2.4

7 Learner involvement in lessons 8 19 13 30.9 21 50

8 Teachers’use of different ways of assessment 1 2.4 18 42.9 22 52.4 1 2.4

9 Teacher teaches learners to use different formulae 1 2.4 20 47.6 21 50

10 Teachers use of different resource 3 7.1 38 90.5 1 2.4

11 Teachers class management 16 38.1 26 61.9

12 Teachers remedials to clear misconceptions 6 14.4 24 57.6 12 28.8

TOTAL NUMBER OF SCHEDULE TIMES ITEMS 42 42 42 42

RATINGS

POOR FAIR GOOD EXCELLENT
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Figure 4.7: A graph of the Rated Items versus Ratings in Percentage. 

 

4.5 Teacher Lesson Plan (TLP)  

One of the instruments used for data collection as stated in chapter 3, was the teacher lesson 

plan (see appendix E for TLP template) designed by the researcher for the purposes of 

uniformity and to collect the intended data as indicated at section 3.4.4. 

 

4.5.1 Qualitative analysis of the Teacher Lessons Plan 

The completed TLP were retrieved from the participating teachers (N = 06) and analysed 

(document analysis). Revelations from the TLP (see appendix Q) are those listed below.  

 It was shown on the lesson plans that Stoichiometry was taught in term two to grade 11 

Physical Science learners under the broad knowledge area Chemical change.  

 The teachers indicated on the lesson plans the duration stipulated by Gauteng 

department of education Physical Science work schedule which is fifteen school days 

(three weeks).  
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 The teachers used different and available resources to them as represented on the lesson 

plans. For example, textbooks such as Doc Scientia text book, Study and Master, 

Oxford successful Physical Sciences grade 11. Electronic resources like mindset 

learning videos, U-tube videos/simulations and Doc Scientia Power points. Other 

resources stated on the completed TLP were Periodic tables, Calculators and formula 

sheets. 

 The teachers set varied lesson objectives for themselves to achieve at the end of their 

lessons. Some of which are ‘Learners should be able to: ‘Calculate percentage 

composition, yield and purity’; ‘Determine empirical and molecular formulae’; 

Determine the limiting and excess reagents’; ‘Know how to calculate the number of 

moles using equations like n = m/M, C = n/v etc’; ‘Define and calculate concentration 

of solutions’; and ‘Do more complex stoichiometric calculations’. 

 The teachers stated on the TLP the learners’ previous knowledge for example, what 

learners are already familiar with prior to the new lesson. Like, Learners are familiar 

with Mole definition, Relative atomic mass, the formula n = m/M, calculating relative 

molecular mass of substances and calculating the concentration when given the number 

of moles and volume. These are learners’ prior knowledge from grade 10.  

 The teachers specified on the TLP the Teacher activity and Learner activity in terms of 

introduction of the lesson, the main lesson and the conclusion of the lesson. 

 The teachers noted the way learners were assessed on the TLP for instance, ‘written 

work; exercises from the textbook, oral lesson evaluation and class tests were given. 

Some examples of such work are shown below,  

1. Define each of the following terms;  

i) the mole  ii) molar mass   iii) limiting reagent 

2. Calculate the molar mass of  

i) MgCl2  and  ii) NaOH 

3. Calculate the number of moles present in 3g of NaOH.  

4. Calculate the number of particle present in 3 moles of N2 gas. 

5. 15g of N2 gas reacts with 10g of H2 gas to form ammonia as shown in the reaction,  

N2 + 3H2            2NH3 
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a) Find the number of moles of N2 and H2 

b) Determine the limiting reagent. 

 From the teachers’ lesson plans, it was noted that the teachers evaluated their teachings 

in terms of what went well, what could be improved and how to improve them. For 

example, learners were able to calculate the molar mass, referring to the periodic table; 

but learners were struggling with the use of ratios.  

 The teachers made remarks after the lessons, for instance lesson completed and or 

lesson objectives achieved as can be seen on some of the TLP (in appendix Q).  Other 

examples are; lessons were successfully completed; set objectives were achieved; and 

more exercises on balancing equations should be given to learners who were struggling 

with the balancing of chemical equations. 

 

4.5.2 Summary of analysis of Teacher Lesson Plan 

What was unexpected was that eleven teachers participated in the study but all of them did not 

submit their teacher lesson plans. Six of the teachers completed and submitted their TLPs and 

five of them did not complete theirs. 

It is perceived that a lesson plan should just be a guide for the teacher during the delivery of 

the lesson. So, on the teacher lessons plans, it was observed that not every subtopic was 

presented and not all teacher-learner activities were shown.  

 

4.6 Learner Interviews Schedule (LIS) 

The LIS was a semi-structured instrument with five items. The researcher asked structured 

questions including probing questions to ensure that the learners understood the questions that 

were asked. This was done in an orderly function (see section 3.4.5).  

 

4.6.1 Questions on Learner Interview Schedule  

Below are the learners’ interview questions as it appears on the learner interview schedule. 

However, the learners’ transcribed responses word for word are presented in appendix R.  

Q1; Were the problems on the learner achievement test difficult or easy? 

Q2; How did you balance the chemical equations in question one and five in section B? 
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Q3; How did you relate mass, molar mass and moles of substances? 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

Q5; How do you understand limiting reactant? 

 

4.6.2 Qualitative analysis of Learner Interview Schedule  

Qualitatively, thematic analysis was chosen where similarities, and or differences based on 

themes identified by the researcher were used to analyse the learner interview schedule (Tesch, 

1990; Creswell, 2007). Transcribed interviews (see appendix R) were classified according to 

similar but different themes (Saldana, 2015). Data from each interview session was grouped 

under three themes that related to the main questions that were asked during the interview 

sessions.  

Colour coding of interview transcripts into themes based on similarities and differences: 

Q1; Were the problems on the learner achievement test difficult or easy? 

    Not difficult  (Easy)                        A bit difficult (Fair)         Difficult 

Q2; How did you balance the chemical equations in question one and five in section B? 

     Balanced reactants & products      Partial balancing               Could not balance 

Q3; How did you relate mass, molar mass and moles of substances? 

     Used the relation n=m/M            Have no idea                         Wrong 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

     Apply mole ratio                         Have no idea                         Did not apply mole ratio 

Q5; How do you understand limiting reactant? 

     Right                                            No idea                                 Wrong    

 

Items from these themes were compared and the prominent themes that emerged for each 

category were titled;  

  Most favourable responses 

  Fair (to neutral) responses 

       Unfavourable responses 
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The above emerging themes are presented in table 4.30 below looking at the number of 

learners’ responses. The responses have been converted into percentages in the table. 

 
 

Table 4.30                                                                                                                           

Number of Responses given by the Learners and its Percentages 

Most favourable responses Fair (to neutral) responses Unfavourable responses 

Responses Percentage Responses Percentage Responses Percentage 

1. 18 33.3% 30 53.7% 6 13.0% 

2. 33 61.1% 6 11.1% 15 27.8% 

3. 47 87.0% 7 13.0% 0 - 

4. 13 24.0% 0 - 41 76.0% 

5. 33 61.1% 0 - 21 38.9% 

AVERAGE 53.30%  15.56%  31.14% 

 

Table 4.30 shows the number of responses learners gave during the interview sessions, 

categorised under the identified themes colour coded green, blue and red (Wicks, 2017). The 

responses have been expressed as percentages by taking the number of responses over the 

product of number of learners (6) per school and total number of schools interviewed (9) which 

makes it 54 multiplied by a hundred. The individual percentages per question assisted in 

making inferences. Then an average percentage was arrived at for each category which enabled 

the researcher to make a deduction.                                

 

4.6.2.1 Were the problems on the learner achievement test difficult or easy? 

To the above question, 18 learners out of 54 (33.3%) said the question was not difficult, while 

six learners said it was difficult. 53.7% of the learners (30) answered that the questions were 

fair; not difficult nor easy. One learner said, and I quote “They were difficult though, but I did 

not see any problem for me “. 

 

4.6.2.2 How did you balance the chemical equations in question one and five in section B? 

The learners answered this question in various ways, but the majority of them answered 

correctly. Thus, 33 learners which is 61.1% gave the most favourable response and 27.8% (15 
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out of 54) gave unfavourable response whereas a few of the learners (11.1%) have no clue 

about how to balance a chemical equation. Examples of some responses on the transcripts are; 

“I was actually looking at the reaction first and then determining the number of moles at the 

reactant and also the product. I would compare the coefficients and balance them “. 

“I will check how many reactants are this side and see if the products are the same and if they 

are not the same then I try to balance them”. 

“I calculated the atomic number”. 

 

4.6.2.3 How did you relate mass, molar mass and moles of substances? 

The above question had a positive response as far as the content of stoichiometry is concerned. 

The majority 47 out of 54 learners (87%) mentioned the formula that connects mass, molar 

mass and moles. Only 13% (7) of the learners were not sure of their interpretation about the 

relationship between mass, molar mass and moles (see appendix R). 

 

4.6.2.4 Regarding question 3, in section B, how did you apply the concept of mole ratio? 

This interview question was the worst answered, in as far as correct responses are concerned. 

It was either the learner knew what to do or did not know what to do. Thirteen learners (24%) 

were able to apply mole ratio to solve the given problem (question 3, in section B). As much 

as 41 learners (76%) did not apply mole ratio which was the required approach to solving the 

given problem. Below are some learners’ responses; 

“I think I used formula and notes on limiting reactant”. 

“I solved it using the mole ratio”. 

“I do not understand the question”. 

“I used concentration equals moles over volume”. 

 

4.6.2.5 How do you understand limiting reactant? 

There were a larger percentage of correct responses (favourable) for interview question five. 

Here, 61.1% of the learners (33) understood what limiting reactant is and 38.9% (21) could not 

explain it. There were no learners who were unsure. The researcher observed during the 
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marking process that the definition or the explanation of limiting reactant was one of the most 

understood concepts by learners as compared to the calculation of limiting reactant (question 

3 in section B of LAT). Table 4.20 illustrates the above observation where 90% of the learner 

participants calculated limiting reactant incorrectly. 

  

4.6.3 Summary of analysis of Learner Interview Schedule  

From the problem solving questions answered in the section B of the LAT, and the results 

presented in table 4.20 showed the percentages of wrong and right methods used during 

learners’ calculations. Concerning interview question two, about 61% of the learners knew how 

to balance chemical equation and the test result also showed that 55% were able to balance 

chemical equations for questions one and five (section 4.6.2.2).  

Interview question three is on mass, mole and molar mass, as 87% of the learners were able to 

mention the formula that connects the three concepts but the test results revealed that an 

average of 70% of the learners could not calculate moles and mass of substances using the 

molar mass correctly (see table 4.20). Table 4.18 depicts right and wrong formula used by 

learners among others and 146 out of 410 learners (35.5%) wrote the correct formula for 

calculating moles and or mass according to the test result. The reason the researcher suspects 

the learners were not able to calculate moles and mass of substances using the molar mass 

correctly could be due to the multiple steps involved in this type of calculations. The learner 

had to calculate first of all the molar mass of the substance to be able to calculate the moles 

and or mass of the substance. In situations where the chemical equation given is not balanced, 

the learner had to balance the chemical equation before commencing with the calculations. 

The interview question four indicated that 24% of learners used mole ratio correctly in solving 

stoichiometric problem 3 in section B and from the test results, only 13% of the learners applied 

mole ratio correctly to solve the given problem (question 3, in section B). Indeed, only 16 

learners out of 410 (4%) were able to solve this question completely right (see table 4.19). 

Lastly, the fifth interview item, attested that learners could defined limiting reactant (61.1%) 

but the outcome of the test showed that merely 10% of learners could actually work through 

the calculations of limiting reactants using the right method (table 4.20 under section 4.2.2.4). 

Finally, learners belonging to the different themes identified earlier in this section were 

compared (see table 4.30). Learners belonging to the ‘most favourable responses’ theme 

constitute an average percentage of 53.30%; learners belonging to the theme of ‘fair to neutral 
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responses’, constitute an average percentage of 15.56%; and learners belonging to 

‘unfavourable responses’ theme stood at 31.14%. These average percentages have been 

represented as a pie chart below (figure 4.7). 

 

Figure 4.8: A Pie Chart showing the Average percentages of the Themes. 

  
 

4.7 Analysis of Learner Workbooks 

As discussed in section 3.4.6, leaners books were collected for document analysis in 

conjunction with the Teacher Lesson Plans and the Classroom Observation Schedule. Since 

not all the eleven schools involved in the study were observed, it was practical for the 

researcher to look at learners Physical Science workbooks in the participating schools for 

evaluation. This was to verify the depth of the concepts treated in terms of the contextual notes 

and assessments that the teachers gave the learners during the teaching of stoichiometry.  

 

4.7.1 Topics treated 

A review of the learners’ work books on stoichiometry revealed notes and work on the 

following topics and their sub-topics (DoBE, 2015); as presented in table 4.31 below as was 

identified in the learner books. The table included the school codes, expected topics to be 

treated, the evidence of the teaching in learners’ book and the researcher’s observation or 

remarks. Under the remark’s column in the table,  

53%

16%

31%

AVERAGE  PERCENTAGES

Most favourable responses

Fair responses

Unfavourable responses
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*Treated: When all aspects of the concepts are treated (42 out of 70 cases). 

*Fairly treated: When some aspects of the concepts are not treated (11 out of 70 cases). 

 *Not treated: When the concepts are not treated (17 out of 70 cases). 

From the table 4.31a and 4.31b below there is evidence that not all the expected topics and sub-

topics of the concepts were taught to the learners. The analysis showed that 14 concepts were 

supposed to be treated in each school. The product of the five schools and the 14 concepts 

makes it 70 in total. The analysis showed that 42 out of 70 cases (60%) were well treated 

whereas 11 out of 70 cases (15.7%) were fairly treated and 17 out of 70 (24.3%) were not 

treated at all.  

Obvious among concepts not being treated are sub-topics Avogadro’s constant under Mole 

concept (to a lesser extent), Avogadro’s law (Molar gas volume) and the topic Percentage 

composition with sub-topics, percentage purity and its calculations (see table 4.31). It is worth 

indicating that in the learner achievement test there were no questions set on Avogadro’s 

constant, Avogadro’s law, percentage composition and percentage purity. 
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Table 4.31a                                                                                                                                                                   

Analysis of Learners’ Workbook compared to what is expected from DoBE 

SCHOOL 

CODE 

EXPECTED DoBE TOPICS 

TO BE TREATED 

SUB-TOPICS 

TREATED 

TOPICS 

TREATED  

OBSERVATIONS/ 

REMARKS 

01  Mole concept Molar mass; Mr; 

Avogadro’s 

constant; and 

Calculations 

Yes 

Yes  

 

      Yes  

Treated 

Treated  

 

Treated     

 Molar gas volume STP Conditions; 

Avogadro’s law 

and Calculations   

Yes 

Yes  

Yes  

Treated 

Treated  

Treated   

 Concentration of solution Standard 

solution; and 

Calculations 

Yes 

 

Yes  

Treated  

 

Treated   

 Percentage composition % composition; 

% purity and 

Calculations 

Yes 

No  

 

Yes  

Treated 

Not treated 

 

Treated   

 Empirical/Molecular… Calculations  Yes Fairly treated   

 Limiting and Excess 

reactant 

Calculations Yes Treated   

 Percentage yield Calculations  Yes Treated  

05 Mole concept Molar mass; Mr; 

Avogadro’s 

constant; and 

Calculations 

Yes 

Yes   

 

Yes  

Treated 

Fairly treated  

 Molar gas volume STP Conditions; 

Avogadro’s law 

and Calculations   

Yes 

No  

      Yes  

Treated  

Not treated 

 Concentration of solution Standard 

solution; and 

Calculations 

Yes 

 

Yes  

Treated 

 

Treated   

 Percentage composition % composition; 

% purity and 

Calculations 

No  

No 

No  

Not treated 

Not treated 

Not treated 

 Empirical/Molecular… Calculations  Yes Fairly treated 

 Limiting & Excess… Calculations Yes Treated  

 Percentage yield Calculations  Yes Treated   

06 Mole concept Molar mass; Mr; 

Avogadro’s 

constant; and 

Calculations 

Yes 

Yes  

 

Yes 

Treated 

Fairly treated 

 

Fairly treated 

 Molar gas volume STP Conditions; 

Avogadro’s law 

and Calculations   

Yes 

Yes   

Yes 

Treated 

Treated  

Treated  

 Concentration of solution Standard 

solution; and 

Calculations 

Yes 

 

Yes  

Treated 

 

Treated  

 Percentage composition % composition; 

% purity and 

Calculations 

No  

No  

No   

Not Treated  

Not treated 

Not treated 

 Empirical/Molecular… Calculations  No  Not treated  

 Limiting & Excess… Calculations No   Not treated  

 Percentage yield Calculations  Yes Treated 
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Table 4.31b                                                                                                                                                                  

Analysis of Learners’ Workbook compared to what is expected from DoBE 

SCHOOL 

CODE 

EXPECTED DoBE 

TOPICS TO BE 

TREATED 

SUB-TOPICS 

TREATED 

TOPICS 

TREATED 

IN BOOK 

OBSERVATIONS/ 

REMARKS 

07 Mole concept Molar mass; Mr; 

Avogadro’s 

constant; and 

Calculations 

Yes 

No 

 

Yes  

Treated  

Not treated 

 

Treated  

 Molar gas volume STP Conditions; 

Avogadro’s law 

and Calculations   

Yes 

No  

Yes  

Fairly treated 

Not treated 

Fairly treated 

 Concentration of solution Standard 

solution; and 

Calculations 

Yes 

 

Yes  

Treated  

 

Treated  

 Percentage composition % composition; 

% purity and 

Calculations 

No 

No 

No   

Not treated 

Not treated 

Not treated  

 Empirical/Molecular… Calculations  No   Not treated 

 Limiting & Excess… Calculations Yes Treated 

 Percentage yield Calculations  Yes Fairly Treated  

09 Mole concept Molar mass; Mr; 

Avogadro’s 

constant; and 

Calculations 

Yes 

Yes 

 

Yes  

Treated 

Treated 

 

Treated  

 Molar gas volume STP Conditions; 

Avogadro’s law 

and Calculations   

Yes 

No  

Yes  

Treated 

Not treated 

Fairly treated 

 Concentration of solution Standard 

solution; and 

Calculations 

Yes 

 

Yes  

Fairly treated 

 

Fairly treated  

 Percentage composition % composition; 

% purity and 

Calculations 

Yes 

Yes 

Yes   

Treated 

Treated  

Treated  

 Empirical/Molecular… Calculations  Yes Treated 

 Limiting & Excess… Calculations Yes Treated  

 Percentage yield Calculations  Yes Treated  

 

 

4.7.2 Summary of analysis of Learner Workbooks  

One can then assume that there is 75.7% (60% + 15.7%) chance of learners being taught 

concepts in stoichiometry and 24.3% chance of learners not being taught specific concepts. 

From analysing the contents treated under stoichiometry it can be argued that learners should 

acquire the concepts and the skills (Mugisha, 2012; Polya, 1956) listed below in order to 

demonstrate how to: 

 Determine and write the correct formula example, n = m/M 
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 Balance chemical equations or use a given balanced equation 

 Determine and use mole ratio  

 Calculate molar mass of a given compound 

 Calculate moles of a given compound 

 Calculate mass of a given compound 

 Know the relationship between moles, mass and molar mass 

 Compare quantities based on mole ratio 

 Determine limiting or excess reactant 

 Use and calculate molar volume at STP 

 Do change of subject of a formula 

 Use simple ratio to do stoichiometric calculations 

 Calculate percentage yield 

 Calculate empirical and molecular formulae of compounds 

 Convert between different units 

 Write the correct units for quantities. 

Although evidence on concepts are found in the learner workbooks, the above are problem 

solving skills learners were found to be handicapped with when they wrote the learner 

achievement test on concepts in stoichiometry as presented in section 4.2.3.4 and illustrated in 

table 4.20. 

 

4.8 Overview 

The chapter presented and analysed data generated from learner achievement test, teacher and 

learner questionnaires, document analysis, interviews as well as lesson observations. The 

documents analysed were the learners’ work books and the teachers’ lesson plans. These 

documents revealed that, teachers know what should be taught concerning the topic 

stoichiometry and are teaching it (75.7%) as far as the curriculum stipulates. The interview 

reports have shown that the topic is presented to the learners, but 24.3% of the learners 
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experience a number of difficulties when presented with questions on stoichiometry (see table 

4.31).  

The data generated through lesson observations and book review revealed that the participating 

teachers have knowledge on stoichiometry. It was however noted that the teachers have an idea 

of how to present the topic using different teaching styles, but the lesson observation showed 

one teaching style dominated which is the teacher-centred method as opposed to practical 

activities.   

The result of data analysed would be used to interrogate the findings of the study and answer 

the research questions, interpret and discuss the findings presented in the next chapter. 
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CHAPTER FIVE  

5. DISCUSSION OF FINDINGS AND SUMMARY 

 

5.1 Preamble 

In this chapter, the questions guiding this study will be reviewed and answered. The research 

findings are interpreted and discussed as presented in the preceding chapters. The interpretation 

and discussion are based on the data presented in chapter four mainly. In the discussion, I draw 

on the literature explored in chapter two as well as my viewpoints in order to structure the 

interpretation of the data. 

 

5.2 Discussions and Answers to the research questions 

Figure 5.1 illustrates the different research instruments used to collect data in the study and the 

question each of them was used to answer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: A mind map of Questions answered by the different research instruments. 

 

Below are the answers to the five research questions that guided the study, the discussion of   

the findings and their summaries. In sections 5.2.1 to 5.2.5, RQ is used to refer to research 

question, for example RQ1 means research question 1.  

 

QUESTION 4 

QUESTION 5 

QUESTION 5 

QUESTION 5 

QUESTION 4 QUESTION 5 

QUESTION INSTRUMENT QUESTION INSTRUMENT

T 

LAT 

TSQ 

LCQ 
LIS 

LWB 

COS 

TLP 

QUESTION 2 

QUESTION 3 

QUESTION 4 

QUESTION 4 

QUESTION 5 

QUESTION 4 

QUESTION 5 

Answering Research 

Questions 

QUESTION 1 



115 
 

5.2.1 The first Research question   

RQ1; Are learners’ choices of their objective options in the learner achievement test due to 

chance or based on their conceptual reasoning? 

1H0: There is no relationship between a learner choosing the right objective option and the right 

conceptual reasoning. 

It was not taken for granted that learners who chose the right objective answers in section A of 

the learner achievement test also gave the correct conceptual reasons (Gultepe et al., 2013). So, 

a statistical test was run for the objective choice answers against their conceptual reasoning to 

ascertain whether the choices are not by chance. The Pearson correlation and Regression 

showed that the choices of the objective options were not by chance and that there is enough 

evidence (see table 4.2) to show that this correlation observed does exist between the two 

variables.  

For this reason, it can be concluded that, “If a learner gets an objective question right it means 

the learner has the right conceptual reasoning”. The findings therefore rejects the null 

hypothesis. These findings are in agreement with other studies (see sub-sections under 2.3) that 

verified the above correlation (Cracolice et al., 2008; Hanson, 2016; and Chiu, 2001).  

From the results in table 4.17, objective question 3 and 4 were poorly answered compared to 

1, 2 and 5 (in LAT section A). Amazingly, question 3 which was the worst answered is a 

memorization question in terms of the levels of cognitive demand. The same number of learners 

(189) who got their objective choice right got the reasoning right too. This implies that those 

learners who could not recall from memory or follow the wording of the question (reactant to 

product) were not able to answer it correctly. Question 4 on the other hand, falls under 

‘procedure without connections’ where the task have no connection to the meaning that 

underlies the procedures, but this question needed some judgement and conceptual reasoning 

on the part of the learner. For example, a learner had to differentiate between amounts of 

substance in mol, mass in grams, volume in litres and/or number of entity (atoms) in order to 

settle on the right answer. Hence the low performance in this question can be understandable. 

 

5.2.2 The second Research question   

RQ2; Is there a statistical relationship between problem solving skills and conceptual      

reasoning in stoichiometry?  
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2H0: There is no relationship between learners’ problem-solving skills and their conceptual      

reasoning. 

Pearson correlation was used as statistical analysis. The Pearson correlation in which 

conceptual reasoning (CR) is the independent variable and Problem-Solving Skills (PSS) is the 

dependent variable revealed a positive relationship between the two variables meaning, there 

is a positive relationship between the learners’ conceptual reasoning and their problem solving 

skills (from table 4.14). The null hypothesis is therefore rejected. The above results are 

consistent with other researchers in this field as discussed in section 2.3.5. For example, most 

learners were considered both good problem solvers and good conceptual thinkers according 

to a study done in a local high school in Taiwan (Chiu, 2001), and the current result also 

supports findings by Gultepe et al., (2013) where increased conceptual problem-solving ability 

improved algorithmic problem-solving skills in their study.  

 

5.2.3 The third Research question   

RQ3; Does learners conceptual reasoning significantly predict learners’ problem-solving 

skills?  

3H0: There is no statistically significant relationship between learners’ problem-solving skills 

and their conceptual reasoning in stoichiometry. 

A further statistical test (Regression) was used to predict the significance a conceptual 

reasoning has on learners’ problem-solving skills. The regression correlation (see table 4.16) 

showed a statistically significant prediction between conceptual reasoning and problem-

solving skills. In other words, conceptual reasoning had statistical significance on learners’ 

problem-solving skills. Therefore, the third and the final null hypothesis is rejected. The 

findings are in agreement with a study that found that there is a significantly positive 

relationship between algorithmic problem-solving skills and conceptual understanding and 

mathematical processing skills (Gultepe et al., 2013).  

Using the levels of cognitive demand, only test item four in section B of the learner 

achievement test is at ‘procedure without connections’ cognitive demand level, all the others 

are at ‘procedure with connections’ level. Table 4.19 showed that question four was the best 

answered and question three was the worst answered. Comparing the steps involved in all the 
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questions apart from question four and the concepts being tested (see table 4.20), question three 

is similar to the others. The low performance in this question may be due to both its multistep 

(mole calculation) and the fact that the learner has to compare quantities using mole ratio in 

terms of the moles of the substance that reacted and the moles used/needed for the reaction to 

come to completion in order to be able to determine the limiting reactant. It was observed 

during the class room observation that this topic was complex (section 4.4.1.6, table 4.29) and 

needed more time both for its teaching and remedial. In the doc.Scientia Physical science text 

book for grade 11 page 256, the various steps required in determining limiting and excess 

reactants is explicitly illustrated  (de Vos, du Plessis, Nel, Spies & van Wyk, 2015). The test 

item four, on the other hand, falls under cognitive demand level ‘procedure without 

connections’ which is algorithmic in nature and so entails a procedure that was easily managed 

by the learners. The above assertions do confirm that learners’ conceptual reasoning and or 

conceptual understanding significantly predicted learners’ problem-solving skills. The manner 

in which the learners performed in question three on one hand and question four on the other, 

is supported by Cracolice et al., (2008) who hypothesized that the cause of the gap between 

learners conceptual and algorithmic problem solving ability is due to poor reasoning skills 

(section 2.5.3). In the above study being referred to, findings confirmed that success in 

algorithmic questions were higher than in conceptual questions that requires learners’ deeper 

understanding of the concepts. 

 

5.2.4 The fourth Research question  

RQ4; What are the common conceptual reasoning and problem-solving errors learners make 

when solving stoichiometry problems and the possible reasons for the errors? 

According to Kousathana & Tsaparlis, (2002) the kinds of common errors learners make during 

problem solving can be categorise into; 

Random errors caused by  

 hastiness   

 thoughtlessness  

 an overload of working memory  

 a combination of the above factors 

Systematic errors caused by  
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 misconception(s), or by  

 a difficulty in understanding of the underlying theory, concepts, or processes.  

Referring to question three in section A on the learner achievement test, learners did not pay 

attention to the words ‘moles used’ to ‘moles produced’ hence they were choosing the wrong 

mole ratio (see section 4.2.4). For instance, from the above example, learners were confused 

about ‘number of reactants’, which is the same as ‘amount of substance’ and particularly the 

‘mole’. They also confused the phase (ℓ) = liquid and (g) = gas of the reactants and the products 

with the units of the entities (grams and litres). This could partly be due to language barrier 

perhaps or what could be referred to as Chemistry language (see section 2.6.1.4) that learners 

find difficult to relate to (Huddle & Pillay, 1996).  

From interviewing the learners, some of them have problems with the usage of the right 

terminologies to describe some concepts (Chiu, 2005). For example, when learners had to say 

how they balanced a chemical equation, they struggled with the right terms (see appendix R).  

As alluded to in section 4.2.4, learners showed carelessness (section 2.6.1.2) with the 

instructions for the test and the wording of the questions. Learners did not follow all the 

instructions even during the process of their problem solving. One of the errors the learners 

were committing is that they did not observe the use of the mole ratio. These findings are in 

agreement with a study among high school learners in Nigeria (Upahi & Olorundare, 2012).  

Learners demonstrated misconception with the calculation of limiting reactant in question three 

section B of LAT (see section 2.6.1.6). Learners thought the reactant that is smaller in quantity 

limits the reaction. These findings are in agreement with findings from a study where it was 

reported that learners were calculating the amount of product as a summation of the amounts 

of reactants. In this way the learners were not appreciating that atoms in molecules rearrange 

when reactions take place; solving some problems directly from grams and not converting to 

moles; and lack of units at the end of calculations (Sostarecz & Sostarecz, 2012).  The above 

accessions speak to misunderstanding, misinterpretation and inability to use the correct 

approach to problem solving on the part of the learners.  

Regarding errors leaners make due to misinterpretation (section 2.5.1.3), a study done in 

Germany confirmed that learners mix up concepts like atoms, mole, mass etc., (Fach et al., 

2007). This is also the case of the current study because similar evidence was gathered where 

the question (question 4 of section A) posed as follows: 
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“Which of the following is true about the total number of reactants and the total number of 

products in the reaction shown below? “C5H12(ℓ) + 8O2(g) → 5CO2(g) + 6H2O(g)” 

 A. 9 mol of reactants chemically change into 11 mol of product. 

 B. 9 grams of reactants chemically change into 11 grams of product. 

 C. 9 litres of reactants chemically change into 11 litres of product. 

 D. 9 atoms of reactants chemically change into 11 atoms of product. 

Learners were supposed to know that the question is referring to the total moles (amount or 

number of substance) for reactants and products if they know the differences between moles, 

mass, volume and atoms but that was not the situation.  

From the classroom observation schedule analysis (section 4.4.2, table 4.29), the researcher 

rated the teachers as follow; 

‘Teacher preparation prior to lesson’ was rated as good (52.4% of the teachers) and 41% 

excellent preparation, hence on a whole teacher preparation is not a problem; 

‘Achievable objective(s) was good (52.4% of the teachers) and excellent at 45.2%, together, 

the two percentages showed that teachers are setting achievable goals for their lessons;  

‘Review of learners’ previous knowledge’ was good (54.8% of the teachers), and 33.3% of the 

teachers were rated excellent. This is a reflection that leaners previous knowledge were being 

reviewed prior to the new lesson; 

‘Teachers presentation of topics logically’ was excellent (52.4% of the teachers) and 45.2% of 

the teachers were rated good for logical presentation of lessons; 

‘Teacher content knowledge’ was evaluated as excellent, thus 76.2% of the teachers have 

content knowledge of their subject matter;  

‘Teachers’ use of teaching aids’ was summed up to be fair (50.0% of the teachers) as well as 

38% good; 

‘Learner involvement in lessons’ was also excellent (50.0% of the teachers) and 30.9% good, 

which presupposes that learners are being involved in lessons; 
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‘Teachers’ use of different ways of assessment’ was rated as good (52.4% of the teachers) but 

42.9% fair; 

‘Teacher teaches learners to use different formulae’ (50.0% of the teachers) was good but 

47.6% fair. There is a need for more integration to be done in terms of formulae; 

‘Teachers use of different resources’ was mostly good (90.5% of the teachers) meaning there 

is good usage of available resources;  

‘Teachers class management’ was also good (61.9% of the teachers) and fair (38.1%); and 

‘Teachers remedial to clear misconceptions’ was fairly done (57.6% of the teachers).  

One could argue that the above ratings indicated that the teachers are doing what they should 

be doing as far as teaching stoichiometry is concerned. Therefore, the onus rest with the leaners 

to study and put into practice what they have been taught by way of demonstrating good 

problem solving based on their conceptual reasoning (Mason & Singh, 2016). When this is 

achieved, the common errors learners make when solving stoichiometry problems would be 

minimized if not eliminated. 

By way of recapping, the findings made (on common conceptual reasoning and problem-

solving errors) after marking the learner achievement test (see section 4.2.1) were that learners; 

 misrepresented the order of mole ratio in terms of reactant and products 

 interchanged concepts such as mole, mass and atom for one another 

 misunderstood some of the concepts and terms 

 could not do change of the subject  

 could not calculate limiting reactant 

 could not solve problems step by step 

 could not round off final answers to the required decimal places 

 did not write units nor could not write the right units 

 could not balance chemical equations correctly   

 could not convert between units of measurements 

 could not perform simple ratios in some cases.  
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The above findings were also found by previous researchers in literature that have been cited 

in different sections of the study for example,  (Mensah & Morabe, 2018); Malcolm, et al., 

(2015); Hanson, (2016); Ndlovu, (2017); Upahi & Olorundare, (2012); Fach et al., (2007); 

Chiu, (2005); Huddle & Pillay, (1996); Furio, et al., (2002);  Sostarecz & Sostarecz, (2012); 

and Kousathana & Tsaparlis, (2002). 

In chapter two, section 2.4, the researcher conceptualized that the learner’s common errors may 

be due to reasons such as the nature of stoichiometry, learners mathematical skills, the teachers’ 

teaching style, language barrier, inadequate access to practical activities in some schools, and 

learners’ own approach to learning. The results from the teachers’ stoichiometry questionnaire 

and the learner achievement test affirms some of the above perceived factors but differ from 

other attributes professed.    

A summary from the TSQ revealed that learners make errors when solving stoichiometry 

problems. The teachers’ views about learners’ problems with conceptual reasoning and 

problem-solving skills were that most learners are not paying much attention during lessons. 

According to the teachers (appendix B), major amongst the reasons for learners’ errors are; 

 Misconception   

 Carelessness  

 Language barrier 

 Misinterpretation  

 Misunderstanding  

 Inability to use correct approach 

In the current study memorisation by learners, over dependency on conventional methods of 

teaching, and language barrier were some of the reasons learners make common errors when 

solving stoichiometry problems. High teacher-learner ratio in some cases could also be a 

problem. 

Memorisation by learners has been mentioned in chapter two, section 2.6.1, to be one of the 

reasons why learners cannot solve stoichiometry problems. The reason being that the learners 

do not really comprehend the underlining theories, concepts and processes of stoichiometry 

(Mensah & Morabe, 2018). Therefore, they depend on memorizing, mnemonics, and 

procedures for problem-solving skills as they are only eager to pass the national examinations 

without making sense of the topic  (Boujaoude & Baracat, 2000).  
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One could see some amount of memorisation of formulae by learners during the marking of 

the learner achievement test. The learners wrote formulae that has no bearing on questions 

asked (see section 4.2.4). Even in the interviews, learners would mention a formula that has 

nothing to do with the question or concept (see section 4.6 and appendix R).  

With the issue of over dependency on conventional methods of teaching, teachers merely 

interchange the idea of ‘problem-solving’ with ‘solving-problems’ as a teaching approach.  

Learners are given a lot of ‘problems’ to solve and this is taken as problem solving approach 

(Cardellini, 2006).  Simply overloading the working memory of learners, in the researcher’s 

opinion this does not enhance problem solving skills. The cognitive load theory warns teachers 

to guide against instructions that overloads learners working memory (see section 2.4.1).  

Research shows that there exists a gap between new teaching techniques and practices that are 

carried out in schools as teachers continue using conventional methods. According to Kelder, 

Govender, & Govender, (2007); and Vamvakeros, Pavlatou & Spyrellis, (2010), the teaching 

of Physical Sciences endorses the use of process skills, critical thinking, scientific reasoning 

and strategies to investigate and solve problems in a variety of scientific, technological, 

environmental and everyday contexts. By observing the lessons, it seems as if there is over-

dependence on the textbook by the teachers (90.5% as shown in table 4.29) to an extent that 

learners are perceiving stoichiometry as textbook based concept which does not relate to real 

life, and this probably could lead to rote learning (Marumeru, 2012).   

English language might be second or third language of most learners (Leki, 2017). Hence this 

could be a barrier that makes it difficult and leads to communication breakdown. Furthermore, 

it could also lead to the missing links between the teacher and the learner and between the 

learner and the Chemistry subject. Chemistry has its own language and so when learners fail 

to make sense of stoichiometry as a result of basic background information they subsequently 

do have gaps in conceptual reasoning and tend to follow routine when solving problems (Toth 

& Sebestyen, 2009).   For instance, a question was asked,  

‘Regarding question 3, in section B, how did you apply the concept of mole ratio? The learner’s 

response was; I used a formula which is pV = nRT. The above scenario could be interpreted as 

the learner does not have the vocabulary to express himself or herself to show how he/she 

applied the concept of mole ratio. 
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Schools experience high teacher-learner ratio than what is stipulated due to large enrolment of 

learners (Howie & Plomp, 2001). This causes overcrowding in the classrooms and will impact 

negatively on the quality of teaching and learning because the desired skills and knowledge to 

be attained will be difficult to achieve (Marumeru, 2012) . Unfortunately, some teachers have 

challenges with class management skills and the skills for teaching learners for conceptual 

reasoning and problem-solving skills so cannot attend to all learners effectively (Kauffman, 

Ge, Xie & Chen, 2008). Though, learners in their learner confirmatory questionnaire confirmed 

good class control and class management as seen in section 4.3.3 from the independent sample 

t-test (table 4.27) where the learners corroborate with their teachers. From the researcher’s 

observation, inadequate class control and poor class management is still a problem due to high 

teacher-learner ratio. The ratings on the classroom observation schedule indicated 38.1% of 

teachers are fairly managing their classes and 61.9% are doing it well (see table 4.29). 

 

5.2.5 The fifth Research question 

RQ5: Is there a link, between the way learners are taught and the conceptual reasoning and 

problem-solving errors they make when solving stoichiometry problems? 

From the classroom observation schedule, the learners were taught concepts in stoichiometry 

as seen in table 4.29 at section 4.4.2 in chapter four of this study. The number of days spent in 

completing some subtopics were inadequate because it was observed that other learners needed 

a lot more practice and or remedial to clear their misconceptions (table 4.31). The extent to 

which topics on stoichiometry and its related concepts were covered was satisfactory in the 

view of the researcher. It is clear from figure 4.6 that teachers prepare for their lessons, with 

set objectives in mind. The relevant previous knowledge of learners are reviewed before and 

during the start of a new lesson and the lessons are presented in a logical manner because 

teachers have the content knowledge. The extent of teachers’ subject and pedagogical 

knowledge was appreciable, and the teachers did well as far as the topic under discussion was 

concerned. 

A review of the learners’ workbooks (see appendix S) revealed detailed of work done on the 

topic under discussion. Even though some concepts were treated in more details than others by 

some teachers and so it was with assessment of the concepts as well as remedial (class exercises 

and home works) conducted by the teachers to clear learners’ misconceptions (section 4.7.1; 
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table 4.31). It was noted that some sub-topics were not dealt with, for example, Avogadro’s 

constant and Avogadro’s law in most cases. 

Upon interviewing the learners as stated in section 4.6.2, table 4.30, it became clear that 

learners have knowledge about the concepts under stoichiometry and know how to do 

stoichiometric calculations. Over 53% of the learners gave favourable responses as to how they 

wrote the achievement test during the interviews (see table 4.30 and figure 4.7). To support my 

findings, a study showed that learners are not effective in stoichiometric calculations because 

of their inadequate basic concepts such as ratio and proportions as well as balancing of 

chemical equations which relate to solving stoichiometric problems (Davidowitz, 

Chittleborough & Murray, 2010). Noticeably, in this study, the application of mole ratio and 

in some cases balancing of chemical equations were difficult for the learners. 

Data gathered from TLP gave an indication that some of the sampled schools have access to 

science laboratory while others do not (Kotoka, 2012). On the teacher lesson plan template, 

teachers were supposed to write down the materials needed for the lessons as well as resources 

required (section 4.5.2 and see appendix Q for scanned copies of the teachers’ lesson plans). 

Resources in terms of textbooks was not a problem as all the schools indicated two to three 

different ones but the same cannot be said of chemicals (materials). So, if there are problems 

experienced by teachers when teaching stoichiometry, they might be mainly due to resources 

that should aid practical experiments. It will require a lot of time to circumvent the problems 

teachers encounter in teaching stoichiometry because the teachers must improvise laboratories 

and or laboratory equipment in order to demonstrate certain aspects of the lessons. This is in 

line with a study conducted by Kihumba, (2009) which postulate that laboratory  

experiences are essential to a learner. As this enhances understanding  

of science and lead to better performance in sciences and that inadequate exposure to practical 

work has impart on learners performance. 

Analysis of teacher stoichiometry questionnaire and learner confirmatory questionnaire were 

done to see the agreement levels between the teachers and their learners concerning the style 

of teaching. The learners were supposed to confirm or reject the responses given by their 

teachers to the items on their questionnaire. Whatever the teachers and the learners indicated 

were used to run an independent sample t-test. The outcome of this t-test (see section 4.3.3, 

table 4.27) showed that learners disagreed with their teachers on two of the items. But the 
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learners confirmed the rest of the items on the questionnaire, noticeably among them are the 

statements paraphrased below,    

 My Chemistry teacher has enough knowledge of stoichiometry. 

 My Chemistry teacher gives different forms of assessment in various ways. 

 My Chemistry teacher uses wide range of teaching approaches to teach. 

 My Chemistry teacher can integrate relevant learning areas or subjects into his teaching.  

It could be that the learners were not able to corroborate with their teachers on item four and 

nine due to the way the items were phrased. It is possible that the teachers might be doing one 

or two but not everything in the list especially on item four (see appendix B and C).   

In answering the fifth research question, it is noted that from the findings of the study, it could 

not be verified that there is a direct connection between the teachers’ teaching of stoichiometry 

and errors learners make during problem solving even though there exist mismatch between 

the implemented curriculum (TLP, LWB and COS) and the attained curriculum (LAT, LCQ, 

LIS and DoBE report) as stated earlier in section 2.6. Possible reasons for not finding a direct 

link between learners’ errors and the way the teachers teach stoichiometry, may be attributed 

to other contextual factors such as inadequate resources in some schools, insufficient notional 

time allocated for the knowledge area, language barrier of learners, inattentiveness of learners 

or not paying attention to details, and high teacher-learner ratios in some cases and or 

misconceptions on the part of the learners.  

 

5. 3 The Relevance of the Theoretical frameworks on the Study 

To connect learners’ working memory to the way they are taught was crucial to this study, 

hence the choice of cognitive load theory as a theoretical framework to support the study (see 

section 2.5.1). There are two forms of cognitive load, namely intrinsic (complexity of the 

knowledge) and extraneous cognitive load (instructional procedures). If the manner in which 

an instruction is presented, is managed and or controlled, then the learner would have more 

memory resources for deeper processing to process what is to be learnt. Instructions can impose 

high (complex) working memory load or low (simple) working memory load (section 2.5.1) 

on learners. 
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 Problem solving is regarded as an important cognitive activity in everyday and professional 

contexts (Jonassen, 2017). So, it requires teachers to know where to focus their teaching and 

how to assess learners’ work better to avoid unnecessary overloading of the working memory 

of learners which might affect the performance of learners. The researcher would edge teachers 

to endeavour to teach for comprehension to enhance learners’ conceptual reasoning of all 

concepts in stoichiometry. 

On the other hand, the typology of curriculum levels adapted and modified from Van der 

Akker, (2004), page 3, is shown below (figure 5.2). The figure makes it easier to visualise the 

curriculum levels and its alignment regarding the teaching of stoichiometry. The different 

instruments used in this study can help us analyse the alignment of the curriculum levels. This 

explains the relevance of the second theoretical framework that supported the study (see 

curriculum level alignment in section 2.6).  

There was a lack of alignment between specific levels of the curriculum on concepts in 

stoichiometry. Apart from the close alignment of the experiential curriculum (LCQ and LIS) 

with the perceived (TLP), the operational (COS) and the formal curricula (CAPS document), 

there is no alignment with the assessed curriculum (diagnostic report) and the learned. 

Misalignment was earlier reported between the formal (intended) and attained levels of the 

South African Physical Sciences curriculum, and misalignment of the formal and implemented 

curriculum of biology in Zimbabwe (Kotoka & Kriek, 2019). 

Sections of concepts on stoichiometry (see table 4.31) were not taught to learners and this is a 

characteristic for non-alignment of the formal curriculum with the perceived and experiential 

curricula. Learners did not, report that these sections were taught or not taught during their 

interviews because as reported earlier those sections were not included in the LAT (learned 

curriculum). Document analysis of the learners’ workbooks showed that those sections were 

treated in some of the individual schools (see table 4.31). A likely reason for teachers not 

teaching these sections could be that teachers think they possibly might not finish the syllabus 

on time and therefore omitted these sections, that are part of the pace setters (a work schedule 

offered by the district).  

This study confirms that inconsistencies exist between what is planned to happen in the class 

(implemented; - perceived and operational curricula) and what is happening (the attained 

curriculum; - experiential, assessed and learned). This was also the findings of  Shimizu, (2002) 

who wrote a paper on the Discrepancies in perceptions of lesson structure between the teacher 
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and the students in the mathematics classroom. These findings could possibly inform 

curriculum implementers and designers to ensure that teachers teach all that is expected by the 

curriculum. 

 

 

 

 Figure 5.2: The Typology of Curriculum Levels. 
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Learners made common errors during the writing of the learner achievement test, for example, 

learners could not apply mole ratio to solve stoichiometric problems even where they were 

given a balanced chemical equation. They were unable to change subject formula and they 

interchange the meaning of chemical terms such as mole, molecule, atoms and mass. The 

possible reasons for the errors, and how it is linked to the way the learners were taught, lies 

with the alignment of the curriculum levels. Findings indicate that there is a mismatch between 

what is expected in stoichiometry from the CAPS curriculum (intended curriculum) and the 

teacher lesson plans, classroom observations and the learner workbooks (implemented 

curriculum).  

In the TSQ, teachers indicated that the errors are due to misconceptions, misunderstanding, 

carelessness and misinterpretation and these were found when marking the learner achievement 

test as indicated earlier. The teacher lesson plans were in agreement with the classroom 

observations but not with the learner workbooks. The analysis of the content of learners’ 

workbooks for topics treated under stoichiometry, revealed that 75.7% of concepts were being 

taught while 24.3% were not. The analysis showed that learners experience difficulties with 

calculating the concept of limiting reactant. There is a discrepancy between the implemented 

and the attained curriculum levels.  

 

5.4 Summary of the Findings 

The learners’ conceptual reasoning determined their choices of the answers to the objective 

questions in section A of the learner achievement test, hence it was not due to chance. 

Statistically, there is a positive correlation between problem solving skills and the conceptual 

reasoning of learners in stoichiometry using Pearson correlation. Furthermore, regression 

analysis showed that the relationship between CR and PSS is statistically significant. Meaning, 

learners’ conceptual reasoning had statistically significantly predicted learners’ problem-

solving skills.  

Teachers sampled in this study confirmed that learners commit common conceptual reasoning 

and problem solving errors when solving stoichiometry problems. The errors of the learners 

from my analysis were ‘not paying attention to details’; ‘not understanding the Chemistry 

terms’; ‘confusing symbols like g = gas phase for gram’; ‘not following given instructions’; 

and ‘not converting between units’ nor ‘writing units for final answers’ where applicable. 
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These errors were as a result of misconception, carelessness, language barrier, 

misinterpretation, misunderstanding and inability to use correct approach. Other reasons for 

the common errors learners make when solving stoichiometry problems may be due to 

memorisation by learners, over dependency on conventional methods of teaching, and high 

teacher-learner ratio (Marumeru, 2012).  

As a final point, a direct link could not be drawn by the researcher between the way learners 

were taught stoichiometry and its related concepts and the common errors they made when 

solving stoichiometry problems. In a similar scenario, when an introductory college Chemistry 

students’ understanding was assessed by Wolfer, (2000) on the topic Introductory College 

Chemistry Students' Understanding of Stoichiometry; Connections between Conceptual and 

Computational Understandings and Instruction. The results indicated that the students had an 

acceptable understanding of the particulate nature of matter but did not apply this knowledge 

to problem solving. The students were most comfortable solving computational problems 

where they could apply algorithms learned from their instructor where it was not appropriate. 

Hence the students applied algorithms in answering conceptual problems. Application of 

algorithms in computational problems is expected and sometimes encouraged Kean & 

Middlecamp, (1994) but it is also expected that algorithms be applied with conceptual 

understanding and reasoning. 
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CHAPTER SIX  

6. CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 Preamble 

The aim of the study is to investigate grade 11 learners’ problem-solving skills and conceptual 

reasoning on concepts in stoichiometry. In a nutshell, this study is about how learners could 

use their conceptual reasoning during the process of their problem solving. In other words, do 

learners’ conceptual reasoning reflect their problem solving skills? Let us assume a learner was 

taught the Stoichiometric concepts to his or her understanding bearing in mind the cognitive 

load theory (not overloading the working memory of the learner). When a question is posed to 

this learner can the learner reason through the given question, plan the response to the question, 

execute the plan to the best of his/her ability and look back to the answer and how it was 

obtained (Polya, 1956). If this is the case, then one can conclude that the learner’s problem 

solving skill is influenced by his or her conceptual reasoning.  

Therefore, in this chapter, I begin with the conclusion of the study. In the conclusion, I will 

therefore put together the findings from chapter five. These findings will be discussed in terms 

of both methodological and theoretical contributions. Some recommendations and suggestions 

for future research will also be provided. The last two sections will talk about implications and 

limitations of the study. 

 

6.2 Conclusions  

Chemistry by nature is difficult for learners to comprehend some of its concepts. This is 

confirmed by Goodman, (2017)  who said the abstract nature of Chemistry makes it difficult 

for learners to conceptualise the important concepts. The current study found that learners were 

using concepts such as mole, molecule, molar mass, molar volume, and atoms interchangeably 

and wrongly in solving stoichiometric problems (Fach et al., 2007).  This is also in line with 

the work on Semantic mistakes and didactic difficulties in teaching the “amount of substance” 

concept: a useful model (Pekdağ & Azizoğlu, 2013). Many learners were unable to write and 

balance chemical equations and so ended up performing poorly in the problem-solving skills 

questions that they were given. Only some learners have a robust mathematical ability and had 

less difficulty balancing chemical equations and solving problems because they had a sound 

understanding of ratios which is a prerequisite in learning and solving stoichiometry.  
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From research, it is evident that learners have great difficulty relating what they have learnt 

(Onwu & Randall, 2006). Just as this study has also found in terms of learners connecting 

previously learnt concepts to the present. If learners have good conceptual reasoning and 

adequate problem solving skills they perform better (Kurt et al., 2013). Sufficient conceptual 

reasoning and adequate problem solving skills reduce misconceptions of learners and promote 

better performance because learners will understand the problem in question.  

It is worthwhile to note that for the questions in section B of LAT, learners did not show 

conceptual reasoning in all the steps in their calculations; in rounding off their final answers 

and in the use of properly balanced equation where necessary. Hence, they could not deal 

conclusively with questions that involved complex and multiple steps. Learners lack the skill 

of converting from one unit to the other. For example, converting from cubic centimetre (cm3) 

to cubic decimetre (dm3); metre cube to litres and to change subject formula or use simple ratio 

and proportions adequately and so could not solve some of the problems given.  

A step by step approach to solving questions using problem solving skills revealed that a good 

amount of the learners failed to attempt to answer the questions (section 4.2.3.3). This might 

be an indication of their lack of confidence, and perhaps incompetence in solving these types 

of stoichiometry questions. Some of the learners could solve the problem or parts thereof, but 

without providing fully correct answers. A small number of learners completely solved the 

problems and got them completely right but the majority of the learners provided completely 

wrong solutions to the questions (figure 4.3). 

 

These findings are in line with other research studies that also suggest learners’ resort to 

procedures to solve Chemistry problems; and when learners solve the problems using 

memorized procedures, they do not necessarily understand the chemical concepts behind these 

procedures (BouJaoude, Salloum & Abd-El-Khalick, 2004). When learners comprehend 

concepts, they solve problems in a sequential manner showing all details as much as possible 

(Chirinda, 2013). 

The findings made from marking the learner achievement test, and analysing the transcripts of 

the learners’ interview schedules showed some of the difficulties learners had in expressing 

themselves concerning problem solving. For example, the Mole calculation results according 

to the learner achievement test (LAT) showed that 93% of learners were able to pick the right 

objective answers and 70% of them gave the correct reasoning for their choices (fig. 4.2 based 
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on section A of LAT). However, an average of 27% of the learners could do the problem 

solving questions fully and correctly (see table 4.20). Meanwhile, during the interviews, 87% 

of the learner population responded favourably to the questions related to Mole calculation. 

The above observation was the same made as far as calculation involving the Mass of a 

substance is concerned, 79% for objective choice, 57% for reasoning and 36% for problem 

solving (section A and B of the LAT).  

Application of the concept of Mole ratio was a challenge for learners as 46% of them chose the 

right objective answers and the same gave the right reasoning as well. Then 40% of the learners 

got the problem solving part of the test correct and 24% were able to express themselves during 

the interview on how to apply the Mole ratio. As many as 79% of the learners gave the correct 

objective answer concerning Limiting reagent and 45% provided the right reasoning for their 

choice. However, only 10% (table 4.20) of the learners showed the correct problem solving 

skills in response to this question in the section B of the learner achievement test. 

On a whole, the interview results highlighted that learners have an idea about the concepts of 

stoichiometry but have problems with terminology. For instance, when learners were asked in 

the interview about  

“How did you balance the chemical equations in question one and five in section B?” and 

“Regarding question three, in section B, how did you apply the concept of mole ratio?” 

 Learners found it difficult describing their approach to solving the given questions (see section 

4.6.2).  

An in-depth qualitative analysis of the class observation schedules (section 4.4.1) shed light on 

the effort teachers are making as far as classroom teaching and learning are concerned. For 

example, the classroom observation schedule showed 61% (table 4.28) of teaching of Limiting 

reagent and 61% of the learners were able to define the above concept as they were interviewed 

(table 4.30). The classroom observation schedule revealed that the Mole concepts are taught 

(see section 4.4.1.1) per the schools sampled in this study. Also the assessments in learners 

work books (LWB) discloses that learners were not left unattended to even though the 

researcher thinks that there is still room for improvement. For example, Limiting reagent is one 

of the topics found in all sampled learner work books. 
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Based on the foregoing assertions, when a comparison of items that cuts across the LAT, the 

LIS, together with the COS and the LWB for example on the Mole concepts and Limiting 

reagents was undertaken. It appeared that a bigger percentage of the learners chose the right 

objective options. Then there was a decrease in the percentage for those who gave the right 

reasoning and a further decrease in the percentage that showed correct problem solving skills. 

But the learner interview schedule gave an indication of learners having the knowledge of the 

various stoichiometric concepts except they used inappropriate terminologies to explain 

themselves. The TLP, COS and LWB revealed that some amount of work is being done in 

terms of teaching and learning of stoichiometry. 

The independence samples t-test used to analyse teacher stoichiometry questionnaire and 

learner confirmatory questionnaire showed that the learners generally agreed with their 

teachers on the teachers teaching approaches and styles as well as classroom practices. Out of 

the eleven items on the questionnaires, learners corroborated with their teachers on nine items 

and disagreed only on two.  

Document analysis revealed that the concepts relating to stoichiometry were treated by the 

teachers (75.7%) and learners could have acquired the skills of solving problems on 

stoichiometry and its related concepts based on their conceptual reasoning (Mugisha, 2012; 

Polya, 1956). Nonetheless, there are some contextual factors observed such as notional time 

allocated for topics, class size and inadequate resources in some cases that could be affecting 

learners’ assimilation of concepts which can impact learners’ problem solving skills. 

Learners must not only understand symbols, terminologies, and theories used in learning 

chemical concepts, but they also need to transform instructional language or material teachers 

use in the Chemistry classroom into meaningful representation Chiu, (2005). Learners should 

be made to visualise the phenomenon of the concepts using laboratory equipment for Physical 

Science experiments as well as introducing learners to graphical methods of solving problems 

in some cases (Cardellini, 2006).  

In conclusion, qualitative findings were consistent with quantitative results.  It was discovered 

through statistics that learners’ conceptual reasoning informed their choices of answers to the 

objective options. The relationship between conceptual reasoning and problem-solving skills 

is positive (correlational). The existence of a positive relationship might mean learners’ 

problem solving skills reflects their conceptual reasoning. The correlation coefficient showed 
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a statistically significant outcome of learners’ conceptual reasoning on their problem-solving 

skills. This means that one variable can possibly predict the other.  

For learners to pass stoichiometry they should be good in solving conceptual problems. 

Learners have difficulties in solving multi-stepped problems, interpreting chemical equations 

and understanding calculations based on limiting reactant (Tigere, 2014). Centred on the levels 

of cognitive demand evaluation done in section 3.4.1.1, the performance of the learners in their 

learner achievement test cannot be associated with the difficulty levels of the test items alone. 

It may also be due to the learners’ ability to recall, and apply what they have learnt based on 

how they comprehended the concepts taught. According to this study, there is not a direct link 

between the ways the learners were taught and the conceptual reasoning and problem-solving 

errors they commit during problem solving. As cited earlier in section 5.4, two studies that 

found similar outcome as the above are those of (Wolfer, 2000) and (Kean & Middlecamp, 

1994). 

The data presented were from one district, therefore, should be regarded as illustrative rather 

than exhaustive because it limits the transferability of the study to other contexts since it is not 

representative for other contexts (Patton, 2002). The findings therefore cannot be generalised. 

 

6.3 Recommendations 

When teaching stoichiometry and its related concepts, it is recommended that teachers should 

teach the concepts until learners clearly comprehend the concepts very well, before engaging 

in helping them to solve problems using procedures (Dahsah & Coll, 2007). Furthermore, when 

teaching learners how to solve stoichiometry problems, teachers should require learners to 

think rather than to simply memorize and use procedures (Boujaoude & Baracat, 2000).  

Instruction that emphasizes how to solve problems without the comprehension of the concepts 

themselves, does not necessarily help learners to learn how to apply their knowledge for solving 

new or more complex problems. Therefore, teachers should evaluate learners’ reasoning of the 

underlying concepts.  

In a study conducted by Kotoka & Kriek, (2014), learners’ conceptual understanding was 

confirmed by the usage of computer simulations during teaching and learning of 

Electromagnetism. Based on the above finding, the researcher will recommend that to enhance 
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learners’ conceptual reasoning and problem-solving skills, instructional methods should 

include audio-visuals teaching and learning materials. 

An addition of visual materials such as graphical methodology to the teaching of stoichiometry 

and its related concepts will have great potential of increasing learners’ comprehension of this 

important Chemistry topic (Sostarecz & Sostarecz, 2012). An integrated method that offers an 

explanation that is both quantitative and visual for example solving a question on limiting 

reactant would be beneficial for possibly minimizing memorization and increase 

comprehension and conceptual reasoning. 

The communication breakdown and the missing link between learners and teachers as well as 

learners and the Chemistry subject due to language barrier, may be reduced by making learners 

visualise the phenomenon of the concepts in experiments being conducted but not all schools 

have laboratory equipment for Physical Science experiments (Kihumba, 2009). Government 

should endeavour to provide well equipped Science laboratories to schools if possible or invest 

in technology that could partly help improve good teaching and learning in schools.  Likewise, 

curriculum implementers through regular visits to the schools for routine supervision should 

see to it that teachers teach what is expected by the curriculum.      

One of the things that became apparent to the researcher, is that in an tempt to clarify items or 

for the sake of clarity some items on the TSQ and LCQ were lumped together and needed to 

be separated. One such item on the questionnaire is ‘My Chemistry teacher assesses our 

performance after lessons. For examples, through objective test, written test, problem solving 

test etc’. It will be prudent that in future studies items should be separated into different options 

and not made into a list. This will make it easier for respondents to react appropriately and be 

decisive in making a choice.  

 

6.4 Implications for teaching and learning  
Constructivist-based teaching according to literature, proposes that the understanding of 

previous knowledge of learners’ conceptions provide a useful insight into their reasoning, and 

may allow teachers to develop instructions appropriate for their learners (Dahsah & Coll, 

2007).   
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Previous knowledge of learners’ conceptions including their misconceptions may be helpful in 

developing effective instructions. Hence the findings from this study provides helpful tools for 

teachers and help raise awareness of how to teach stoichiometry concepts in problem solving 

context (Clough, 2006). 

Teachers should be mindful during instructional activities in order not to overload the working 

memory of learners in an attempt to enhance problem solving skills of the learners (Sweller, 

2016). It is important to ensure that curriculum needs are met in all aspects of the topic where 

all levels (Intended, Implemented and Attained) of the curriculum will align properly (Van der 

Akker, 2004). 

The instructive method for teaching concepts in stoichiometry is an integrated teaching 

approach that utilizes Chemistry concepts and Mathematical reasoning to increase retention of 

concept learned in order to promote problem solving skills of learners and to build a foundation 

for future Chemistry related courses (Cotes & Cotuá, 2014). 

For the sake of instruction, teachers should pay special attention to all concepts of 

stoichiometry (the mole concept,  molar gas volume, concentration of solutions, percentage 

composition, empirical and molecular formula, stoichiometric calculations etc.) during 

teaching to promote learners’ problem solving skills (Ndlovu, 2017).  

 

6.5 Limitations of the study  

This study only focused on grade 11 as well as the grade 11 topic stoichiometry. This is only 

one of the many grades and many topics in Chemistry. Due to the above declaration, the 

researcher is not attempting to generalise the findings of this study to other topics and other 

grades (Silverman, 2015). 

 
Based on the findings of this single explanatory sequential study, the researcher could not draw 

conclusive and generalizable conclusions. Further research is required on this problem, 

probably, using many more schools, grades and or topics in data collection in order to obtain a 

more robust evidence for the findings. 
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APPENDICES 

APPENDIX A: LEARNER ACHIEVEMENT TEST (LAT)  

Learner Code ______________   School Code __________    Date __________    Class____ 

Total: 40 Marks   Time: 1 Hour 30 Minutes  

 

Instructions and information 

1. This question paper consists of TWO sections.  

2. Answer ALL the questions.  

3. Keep the question numbers correctly as used in this question paper.  

4. Non-programmable and non-graphical calculators may be used.  

5. All calculations must be clearly shown.  

6. Write neatly and legibly. 

 

 SECTIONS A (15 Mark) 

Stoichiometry multiple choices test on Conceptual Reasoning.  

Four options are provided as possible answers to the following questions. Each question has 

only ONE correct answer. Only circle boldly the letter (A–D) next to the question number. 

Give reason(s) for the option you chose. Three marks will be awarded for each question, one 

mark for choosing a correct option and two marks for the justification. 

1.  Calculate the number of moles of oxygen atoms in 35.2 grams of oxygen. 

 A. 2.20 moles 

 B. 4.42 moles 

 C. 0.54 moles 

 D. 2.57 moles            (1) 

 

Give reason for your answer (justify)   ____________________________________________ 

___________________________________________________________________________

________________________________________________________________________ (2) 

 

2.  What is the mass of 0.432 moles of C8H9O4? 

 A. 86.9g 

 B. 391g 

 C. 113.8g 
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 D. 73.0g                          (1)

           

Give reason for your answer (justify) _____________________________________________ 

___________________________________________________________________________

________________________________________________________________________ (2) 

 

3.  In the reaction 2CO(g) + O2(g) → 2CO2(g), what is the ratio of moles of oxygen used 

to moles of CO2 produced? 

 A. 1:1 

 B. 2:1 

 C. 1:2 

 D. 2:2            (1) 

            

Give reason for your answer (justify) _____________________________________________ 

___________________________________________________________________________

________________________________________________________________________ (2) 

 

4.  Which of the following is true about the total number of reactants and the total number 

of products in the reaction shown below? 

 C5H12(ℓ) + 8O2(g) → 5CO2(g) + 6H2O(g) 

 A. 9 moles of reactants chemically change into 11 moles of product. 

 B. 9 grams of reactants chemically change into 11 grams of product. 

 C. 9 litres of reactants chemically change into 11 litres of product. 

 D. 9 atoms of reactants chemically change into 11 atoms of product.   (1)

   

Give reason for your answer (justify) _____________________________________________ 

___________________________________________________________________________

________________________________________________________________________ (2) 

 

5.  When two substances react to form products, the reactant which is used up is called the 

____. 

 A. determining reactant 

 B. limiting reactant 

 C. excess reactant 
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 D. catalytic reactant          (1)

          

Give reason for your answer (justify) _____________________________________________ 

___________________________________________________________________________

________________________________________________________________________ (2)

                      [15] 

SECTIONS B 

Problem Solving Skills Questions on Stoichiometry. Five marks each, a total of 25 marks. 

 

Instructions:  

1. Show all the steps in your calculations of the following problems.  

2. Don't round off until the very last answer.  

3. Do not forget to write the units. Answer the questions on the lines provided below. 

4. Make sure you are working with a properly balanced equation where necessary.  

 

QUESTION 1 

Hydrogen sulfide reacts with sulfur dioxide to give H2O and S, balance the equation;  

H2S(g) + SO2(g) → H2O(ℓ) + S(s). 

If Hydrogen sulfide contains 125 g, how much S(s) is produced?     (5) 

 

QUESTION 2 

How many grams of Na are required to react completely with 75.0 grams of Chlorine using 

this reaction: 2 Na + Cℓ2 → 2 NaCℓ.         (5) 

  

QUESTION 3 

If 50 cm3 of silver nitrate solution with a concentration of 0.2 mol/dm3 is added to 100 cm3 of 

a sodium chloride solution with a concentration 0.5 mol/dm3. How many moles of silver nitrate 

and sodium chloride were present in the solutions? What is the limiting reactant?   

AgNO3(aq) + NaCℓ(aq) → AgCℓ + NaNO3(aq) 

       (5) 

QUESTION 4 

How many litres does 3.8 moles of O2 occupy at STP (standard temperature and pressure)?  

NOTE: At STP, 1 mole of any gas = 22.4ℓ.  STP is 273K (0 C) and 1 atm (1.013 x 105).  

                      (5) 
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QUESTION 5 

When 12.8g Cu is allowed to burn in oxygen, 15.2g copper (II) oxide is produced. Balance the 

chemical equation for the reaction that occurs; Cu(s) + O2 (g) → CuO(s).                         

Determine the percentage yield using the formula below; 

Percentage yield =  
𝑎𝑐𝑡𝑢𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑
 x 100% 

            (5) 

          [25] 

 

WRITE THE ANSWERS TO QUESTIONS 1 TO 5 IN SECTION B HERE. 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________
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MARKING GUIDELINES FOR LEARNER ACHIEVEMENT TEST (LAT) 

Learner Code_______________   School Code_________   Date________   Class______ 

Total: 40 Marks   Time: 1 Hour 30 Minutes            SECTIONS A (15 Mark)  

Stoichiometry multiple choices test on Conceptual Reasoning. 

1. A  

Justification: Using the knowledge of mole relating it to the mass and molar mass of Oxygen 

(1mol = 16g/mol,).  

n = m/M  ∴ O = 35.2g/16 = 2.2 mol 

2. D  

Justification: Know calculation of molar mass, use relation between mass & moles                                             

n = m/M so, m = n x M = 0.432 x 169 = 73g because C8H9O4 = 169g/mol 

3. C 

Justification: Know the mole ratio between O2 and CO2 produced. Also be able to identify the 

reactant and the product and their coefficient.   ∴  O2 : 2CO2 = 1 : 2 

4. A 

Justification: Know total moles (amount of substance) for reactants and products and the 

difference between moles, mass, volume and atoms. ∴ 1 + 8 = 5 + 6 thus 9 : 11 

5. B 

Justification: Know the concept of limiting reagent and being able to define it as the 

substance that is totally used up when the chemical reaction is complete. And that it 

determines how many moles of a product should be formed. 

 

 

TOTAL MARK = 15 

Marking criteria for SECTION A: 3 MARKS EACH 

QUESTION CONCEPTS TESTED OBJECTIVE CHOICE  CONCEPTUAL REASONING 

  1 mark NCR = 0 PCR = 1 GCR = 2 

1 Mole Calculation     

2 Mole Calculation     

3 Mole Ratio     

4 

Distinguish between 

Moles, Atoms, Mass, 

Volume etc. 

    

5 Limiting Reagent     
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NCR- No Conceptual Reasoning, PCR- Partial Conceptual Reasoning &  

GCR- Good Conceptual Reasoning. 

NCR    PCR    GCR 

No reason at all Partially valid reason  Sound conceptual reasoning 

Incorrect reason  Incomplete reason  Complete valid reason 

    Imprecise reason  Precise reason 

 

SECTION B (25 marks) Problem Solving Questions on Stoichiometry 

Criateria:  Formula/ Equation   (1) 

Substitution    (1) 

Method/Evaluation   (2) 

Correct Answer  (1) 

  

Q1. Solution:  

Balanced reaction:  2 H2S + SO2 → 2 H2O + 3 S (solid).  

n(H2S)  = 
𝑚

𝑀
 = 

125𝑔 

34 gmol−1 
 x 2  = 

125𝑔 

68 gmol−1 
  = 1.8382mol  

n(S) = 3 × 1.8382 = 5.5146mol  

mass(S) = 5.5146  × 32 = 176.47g 

OR 

2 H2S + SO2 → 2 H2O + 3 S (solid). 

 n(H2S)  = 
𝑚

𝑀
 = 

125𝑔 

34 gmol−1 
 = 3.676mol 

mole ratio is 2:3 

n(S) = 3/2 × 3.676 = 5.5146mol 

mass(S) = 5.5146  ×32 = 176.47g 

OR 

2 H2S + SO2 → 2 H2O + 3 S (solid).  

125g          x 

68g/mol         96g/mol 

X = 
125 𝑥 96

68
 = 176.47g 
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Q2. Solution:   

Moles(Cℓ2) = 
𝑚

𝑀
 = 

75.0𝑔

70.906 gmol−1 
  =1.06 mol  

From mole ratio: 2 : 1  

So, 2 x 1.06mol = 2.12 mol  of Na 

∴ 2.12 mol × 22.99 g/mol = 48.7 g

OR 

2Na(g)   Cℓ2  

46g/mol  71g/mol 

X   75g 

X = 
46 𝑥 75

71
 = 48.6g

 

Q3. Solution:   

n = cv = 0.2(50 ÷ 1000) = 0.01 mol AgNO3    

n(NaCℓ) = 0.5(100 ÷ 1000) = 0.05 mol.  

From mole ratio; 1mole of AgNO3 : 1mole  NaCℓ  

So, 0.01mole of AgNO3 : 0.01mole of NaCℓ 

Therefore, if all the AgNO3 is used up, there is still 0.05 – 0.01 = 0.04mol NaCℓ left. 

Hence, AgNO3 is the limiting reagent. 

 

Q4. Solution:  

Volume = n × Vm 

= 3.8 mol × 22.4L  

= 85.12 litres of O2  

OR 

pV =nRT

1.013 x 105 x V = 3.8 x 8.31 x 273  

V = 
8620.794

101300
 = 0.085m3  

∴ 0,085 x 1000 = 85L 

At STP, 1 mol of any gas = 22.4dm3 or 22.4L, T = 273K (0°C) and 1 atm 
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Q5. Solution;  

2Cu(s) + O2 (g) → 2CuO(s).  

M(CuO) = 63.5 + 16 = 79.5 g/mol 

M(Cu) = 63.5 g/mol 

n = 
𝑚

𝑀
 = 

12.8

63.5
 = 0.2 mol Cu  

mole ratio = 2 : 2  

∴ 0.2 mol Cu : 0.2 mol CuO 

So, m = nM = 0.2(79.5) = 15.9g CuO should theoretically be formed.   

Percentage yield =  
𝑎𝑐𝑡𝑢𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑
 x 100% 

     = 
15.2

15.9
 x 100% = 95.59% 

OR 

m(2Cu) = 127g/mol 

n = 
𝑚

𝑀
 = 12.8/127 = 0.1mol 

m(2CuO) = 79.5 x 2 = 159g/mol

n(Cu) = n(CuO) 

∴ n = 
𝑚

𝑀
 = 0.1 x 159 = 15.9 

Percentage yield =  
𝑎𝑐𝑡𝑢𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑦𝑖𝑒𝑙𝑑
 x 100% 

     =  
15.2

15.9
 x 100% = 95.59% 
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APPENDIX B: TEACHER STOICHIOMETRY QUESTIONNAIRE (TSQ) 

The following questionnaire is aimed at obtaining information about your teaching of 

Chemistry (stoichiometry) in Grade11. Your response will be anonymous, and the information 

gathered will help improve the teaching of Chemistry and help our learners to perform better. 

I would appreciate your completion of the questionnaire. I understand your schedule is very 

busy. However, I hope that the 15 to 20 minutes you may take to complete this questionnaire 

will help us understand how to improve the teaching of Chemistry in South Africa bearing in 

mind learners’ problem-solving skills and conceptual reasoning. 

  

SECTION A. Demographic Information  

Thank you for taking time to complete this questionnaire. Please answer each question to the 

best of your knowledge. Your thoughtfulness and candid responses will be greatly appreciated. 

Your individual name and school will not at any time be associated with your responses. Your 

responses will be kept completely confidential.  

 

1. Teacher Code ……………………………………………………………………......... 

2.  School Code …………………………………………………………………………… 

3.  Age range (Years):  

[     ] 20 – 25,  [     ] 26 – 30,   [     ] 31 – 35, 

  [     ] 36 – 40,   [     ] 40+ 

4.  Gender:  

[     ] Male  

[     ] Female  

5.  How many years have you taught Chemistry at FET band?  

[     ] 0 – 5 years,  [    ] 6 – 10 years,  [     ] 11 –15 years  

[     ] 16 –20 years,  [     ] Over 20 years  

6.  Highest Qualification(s):  

Professional ..................................................................................................................... 

Academic ………………………………………………………………………………. 

Others ………………………………………………………………………………….. 

7.  Subject specialisation: ..................................................................................................... 
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SECTION B: Reasons for common errors learners make when solving stoichiometry 

problems 

For the purpose of this questionnaire, Problem solving skills is referring to the process of 

working through details of a problem to reach solution. Problem solving may include 

mathematical or systematic operations and can be a gauge of an individual’s critical thinking 

skills, and Conceptual Reasoning refers to a specific type of thought that involves thinking in 

abstract as well as creative thinking and reflection. This is the way learners go about making 

connections between concepts in which Chemistry is portrayed.  

 

The following are reasons for the common errors in learners’ scripts that teachers may come 

across when assessing and monitoring learners on concepts in stoichiometry. From your 

experience as a teacher can you tick those you have come across from the list below; 

 

Hastiness (Hurriedness)

Thoughtlessness

Route learning

Carelessness

Misunderstanding

Memorization

Inability to use correct approach

Misinterpretation

Misconception(s)

Difficulty in understanding theory, concepts or process

Language barrier
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SECTION C: TEACHERS TEACHING APPROACHES 

Instructions  

1. This part of the questionnaire requires you to rate your views on teaching and learning 

of stoichiometry in Grade 11.  

2. For each statement mark X in the appropriate box that corresponds to the extent of your 

agreement or disagreement.  

3. Please give a rating to every statement.  

4.  On the rating scale, Six (6) will be for strongly agree (SA),  

       Five (5) for agree (A),  

       Four (4) for slightly agree (StA), 

       Three (3) for slightly disagree (StD), 

       Two (2) for disagree (D), and  

       One (1) for strongly disagree (SD). 

 

 ITEMS RATING SCALE 

  SD D StD StA A SA 

No.  1 2 3 4 5 6 

1 I have sufficient knowledge about stoichiometry.       

2 I can use a scientific way of thinking.       

3 I evaluate learners’ prior knowledge before teaching 

my lessons. 

      

4 I know how to assess learners’ performance in a 

classroom. For examples, through objective test, 

written test, problem solving test etc. 

      

5 I can adapt my teaching style to different learners.       

6 I can assess learners learning in multiple ways, such 

as class work, homework, project and research work. 

      

7 I can use a wide range of teaching approaches in a 

classroom setting such as lecturing, group discussion, 

practical’s question and answers, to teach. 

      

8 I know how to organize and maintain classroom 

management. 

      

9 I can adapt my teaching based-upon what learners 

currently understand or do not understand.   

      

10 I can select effective teaching approaches to guide 

learners thinking and learning in stoichiometry. 

      

11 I am able to integrate relevant learning areas or 

subjects into teaching of stoichiometry. 

      

12 I am familiar with common learners’ understandings 

and misconceptions.  

      

13 I can break down the work schedule into teachable 

units or sections. 
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14 I can complete each teaching unit stipulated in the 

work schedule within the time frame. 

      

15 Learners show signs of memorisations of concepts, 

theories and processes. 

      

16 The teacher-learner ratio in my Chemistry classes is 

very high. 
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APPENDIX C: LEARNER CONFIRMATORY QUESTIONNAIRE (LCQ) 

The following questionnaire is aimed at obtaining information about your Chemistry teacher’s 

teaching of stoichiometry in Grade 11. Your response will be anonymous, and the information 

gathered will help us improve the teaching of Chemistry and help learners like you to perform 

better. I would appreciate your completion of the questionnaire.  I hope that the 15 to 20 

minutes it will take you will help us understand how to improve the teaching and learning of 

Chemistry in South Africa.  

Section A. Demographic Information  

Thank you for taking time to complete this questionnaire. Please answer each question to the 

best of your knowledge. Your thoughtfulness and candid responses will be greatly appreciated. 

Your individual name or identification number or school name will not at any time be 

associated with your responses. Your responses will be kept completely confidential.  

 

1. Learner Code: …….………………………………………………………………… 

2.  School Code ………………………………………………………………………… 

3.  Age range (Years):  

[      ] 13 – 14  

[      ] 15 – 16 

[      ] 17 – 18  

[      ] Over 19 

4.  Gender:  

[       ] Male,   [       ] Female  
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SECTION B. LEARNER CONFIRMATION FORM 

For the purpose of this questionnaire, Problem solving skills is referring to the process of 

working through details of a problem to reach solution. Problem solving may include 

mathematical or systematic operations and can be a gauge of an individual’s critical thinking 

skills, and Conceptual Reasoning refers to a specific type of thought that involves thinking in 

abstract as well as creative thinking and reflection. This is the way learners go about making 

connections between concepts in which Chemistry is portrayed.  

 

Instructions  

1. This questionnaire requires you to rate your views on teaching and learning of 

stoichiometry in Grade11. 

2. For each statement mark X in the appropriate box that corresponds to the extent of 

your agreement or disagreement. 

3. Please give a rating to every question or statement.  

4.  On the rating scale, Six (6) will be for strongly agree (SA),  

       Five (5) for agree (A),  

       Four (4) for slightly agree (StA), 

       Three (3) for slightly disagree (StD), 

       Two (2) for disagree (D), and  

       One (1) for strongly disagree (SD). 

 

 ITEMS RATING SCALE 

  SD D StD StA A SA 

No.  1 2 3 4 5 6 

1 My Chemistry teacher has sufficient knowledge of 

stoichiometry. 

      

2 My Chemistry teacher can apply scientific ways of 

thinking during his/her teaching. 

      

3 My Chemistry teacher develops lesson using our 

previous knowledge on the topic. 

      

4 My Chemistry teacher assesses our performance after 

lessons. For examples, through objective test, written 

test, problem solving test etc. 

      

5 My Chemistry teacher uses different teaching styles 

to accommodate different learners. 
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6 My Chemistry teacher gives different forms of 

assessment such as class work, homework, project 

and research work. 

      

7 My Chemistry teacher uses wide range (variety) of 

teaching approaches such as lecturing, group 

discussion, practical’s question and answers, to teach. 

      

8 My Chemistry teacher’s classroom is well organized 

and well managed. 

      

9 My Chemistry teacher’s teaching approaches are 

effective. 

      

10 My Chemistry teacher’s teaching approaches guides 

me in learning stoichiometry. 

      

11 My Chemistry teacher can integrate relevant learning 

areas or subjects, like mathematics into teaching of 

stoichiometry. 
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APPENDIX D: LEARNER INTERVIEW SCHEDULE (LIS)  

 

Q1; Were the problems on the learner achievement test difficult or easy? 

Q2; How did you balance the chemical equations in question one and five in section B? 

Q3; How did you relate mass, molar mass and moles of substances? 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

Q5; How do you understand limiting reactant? 
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APPENDIX E: TEACHER LESSON PLAN (TLP) TEMPLATE 

YOU CAN WRITE ON AN ADDITIONAL PAGE IF YOU FIND THE SPACE 

PROVIDED INADEQUATE. 

LESSON PLAN 

GRADE:                                                                                 TERM: 

LEARNING AREA:                                                              TOPIC: 

DATE STARTED: DATE COMPLETED: DURATION: 

MATERIALS NEEDED: eg.  Reactants, 

beakers, etc. 

 

RESOURCES: eg. Textbooks, Internet 

resources, 

Past question papers, Power points etc. 

 

LESSON OBJECTIVES: eg. At the end of the lesson learners should be able to… 

 

 

 

LEARNERS PREVIOUS KNOWLEDGE: eg. Learners are familiar with… 

 

 

 TEACHER 

ACTIVITY 

LEARNER 

ACTIVITY 

CONTENT/ MAIN 

POINTS 

PROCEDURE: 

ACTIVITIES 

/LEARNING & 

TEACHING 

STRATEGIES 

Eg. Introduction 

Step (1): 

 

 

 

 

 

   

CONCLUSION: Bring lesson to conclusion, summarize and reiterate key points and ideas 

represented. 

 

 

 

ASSESSMENT OF LEARNING AND TEACHING: eg. Discussion, Oral or written work, 

homework, or test etc. 

 

 

 

REFLECTION/ EVALUATION: eg. What went well, what could be improved, and How could you 

improve it. 

 

 

 

REMARKS/ NOTES FOR NEXT LESSON: eg. Lesson completed, Objectives achieved, or point 

to remember for next lesson. 
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APPENDIX F: LETTER TO GAUTENG DEPARTMENT OF EDUCATION – GDE 

 

Dear Sir/Madam, 

REQUEST FOR PERMISSION TO CONDUCT A RESEARCH  

I am Kotoka Love (Mrs.), a full-time teacher at Hammanskraal Secondary School, and a PhD 

student at UNISA. As a requirement for the award of a Doctor of Science degree in Science, 

Mathematics and Technology Education, I am investigating grade 11 learners’ problem-

solving skills and conceptual reasoning on stoichiometry and its related concepts. 

I would like to humbly request your permission to invite eleven schools to participate in an 

academic research study in this regard. In this study the grade 11 Physical Science learners will 

be expected to write one test and respond to a questionnaire and be interviewed after they have 

been taught stoichiometry by their teacher(s). The interview will be audiotaped. The teacher(s) 

will also be expected to respond to one questionnaire. 

There would be no interruption of normal school programme, I would follow the normal school 

timetable and the Physical Science periods will be used. The data collected will be treated with 

confidentiality and the names of the school, the teachers and the learners will not be used in 

the analysis of the data.  

The Department of Education will benefit from the study in that the research will inform policy 

makers to make informed decisions on the adoption of problem-solving teaching and learning 

approach and the application of problem-solving skills by learners depending on the outcome 

of the study. 

Upon completion of this study, a copy of the report will be made available to the Department 

of Education and other educational agencies as may be required. 

Please do not hesitate to contact me if you have any further queries or clarifications. My contact 

details are as follows: 

Cell number: 0725746200. 

Email: kotokalove@gmail.com 

I look forward to your anticipated positive response. 
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Thank you. 

Yours faithfully, 

(                      ) 

Kotoka Love. 
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APPENDIX G: LETTER TO THE PRINCIPAL  

 

Dear sir/ Madam  

REQUEST FOR PERMISSION TO CONDUCT A RESEARCH IN YOUR SCHOOL.  

 

I am Kotoka Love (Mrs), a full-time teacher at Hammanskraal Secondary School, and a PhD 

student at UNISA. As a requirement for the award of a Doctor of Science degree in Science, 

Mathematics and Technology Education, I am investigating grade 11 learners’ problem-

solving skills and conceptual reasoning on stoichiometry and its related concepts. 

I would like to humbly request your permission to invite your school to participate in an 

academic research study in this regard. In this study the grade 11 Physical Science learners will 

be expected to write one test and respond to a questionnaire and be interviewed after they have 

been taught stoichiometry by their teacher(s). The interview will be audiotaped. The teacher(s) 

will also be expected to respond to one questionnaire. 

There would be no interruption of normal school programme, I would follow the normal school 

timetable and the Physical Science periods will be used. The data collected will be treated with 

confidentiality and the names of the school, the teachers and the learners will not be used in 

the analysis of the data.  

Your approval to conduct this study will be greatly appreciated as I firmly believe that both 

your school and I will benefit from this research relationship. Because this study is being 

conducted with the view to offering useful solutions to the teaching of Chemistry in order to 

improve learners’ performance in the subject. 

Upon completion of this study, a copy of the report will be made available to the Department 

of Education and other educational agencies. 

Please do not hesitate to contact me if you have any further queries or clarifications. My contact 

details are as follows: 

Cell number: 0725746200. 

Email: kotokalove@gmail.com 

I look forward to your anticipated positive response. 
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Thank you. 

Yours faithfully, 

(                      ) 

Kotoka Love. 

 

Consent form for the Principal  

I, (Name) _____________________________________________________________  

the principal of ______________________________________________________ School, 

hereby grants consent to Mrs Kotoka Love, to involve the Grade 11 learners and their teacher(s) 

in her research.  The data collected should be treated with confidentiality and the name of the 

school and the participants (teachers and learners) should not be mentioned in the analysis of 

the data. The participants (teachers and learners) may withdraw from the study at any time 

without any penalties and they have the right not to answer a question.  

Thank you.  

 

Signature: ____________________________    

Date: ________________________________ 
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APPENDIX H: LETTER TO CHEMISTRY EDUCATOR(S) 

Dear Educator,  

REQUEST FOR PERMISSION TO CONDUCT A RESEARCH  

I am Kotoka Love (Mrs), a full-time teacher at Hammanskraal Secondary School, and a PhD 

student at UNISA. As a requirement for the award of a Doctor of Science degree in Science, 

Mathematics and Technology Education, I am investigating grade 11 learners’ problem-

solving skills and conceptual reasoning on stoichiometry and its related concepts. 

I would like to humbly request you to participate in an academic research study in this regard. 

In this study the grade 11 Physical Science learners will be expected to write one test and 

respond to a questionnaire and be interviewed after you have taught them stoichiometry. The 

interview will be audiotaped. You on the other hand will be expected to respond to one 

questionnaire and provide the researcher with your teaching lesson plan. The researcher will 

also request few learner workbooks to look at notes and activities on stoichiometry. 

Participation in this research is voluntary and there will be no victimization whatsoever for 

refusal to participate. There would be no interruption of your normal school programme, the 

normal school timetable and the Physical Science periods will be used. The data collected will 

be treated with confidentiality and the names of your school, yourself and learners will not be 

divulged.  

This study is being conducted with the view to offering useful solutions to the teaching of 

Chemistry to improve learners’ performance in the subject. 

Please do not hesitate to contact me if you have any further queries or clarifications. My contact 

details are as follows:  

Cell number: 0725746200. 

Email: kotokalove@gmail.com 

I look forward to your anticipated positive response. 

Thank you. 

Yours faithfully, 

(                      ) 

Kotoka Love. 
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Consent form for teacher participants  

I, (Name) ________________________________________________________________  

a teacher at ___________________________________________________________ School, 

hereby grants consent to Mrs. Kotoka Love to be part of his research. The data that will be 

collected from me and my class should only be used for research purposes. The data collected 

should be treated with confidentiality and the name of the participants (teachers and learners) 

should not be mentioned in the analysis of the data. The participants (teachers and learners) 

may withdraw from the study at any time without any penalties and they have the right not to 

answer a question.  

Thank you.  

 

Signature: _______________________________   

Date: ___________________________________ 
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APPENDIX I: LETTER TO PARENTS/GUARDIAN 

Dear Parent/Guardian,  

REQUEST FOR PERMISSION TO CONDUCT A RESEARCH 

I am Kotoka Love (Mrs), a full-time teacher at Hammanskraal Secondary School, and a PhD 

student at UNISA. As a requirement for the award of a Doctor of Science degree in Science, 

Mathematics and Technology Education, I am investigating grade 11 learners’ problem-

solving skills and conceptual reasoning on stoichiometry and its related concepts. 

I will like to humbly seek your consent for your child to be part of an academic research study 

in this regard. I will collect data by administering a test on stoichiometry and a questionnaire 

and an interview will be conducted. The interview will be audiotaped. Participation in this 

research is voluntary and there will be no negative consequences whatsoever for refusal to 

participate. 

There will be no interruption of your child’s normal school programme, the normal school 

timetable shall be followed, and your child will be taught by their usual subject teacher. The 

data collected will be treated with confidentiality and the name of your child will not be 

mentioned in the analysis of the data. That is, the name and identity of your child will be 

protected in this study.  

This study is being conducted with the view to offering useful solutions to the teaching of 

physics to improve learners’ performance in the subject. 

Please do not hesitate to contact me if you have any further queries or clarifications. My contact 

details are as follows:  

Cell number: 0725746200. 

Email: kotokalove@gmail.com 

I look forward to your anticipated positive response. 

Thank you. 

Yours faithfully, 

(                      ) 

Kotoka Love. 
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Consent form for parents  

I, (Name)  __________________________________________________________  

the parent of _____________________________________________________________ 

hereby grant consent to Mrs. Kotoka Love to allow my ward to be part of his research. The 

data that will be collected from my ward and his/her class should only be used for research 

purposes. The data collected should be treated with confidentiality and neither the name of the 

school, my ward or the teacher should be mentioned in the analysis of the data. The participants 

(teachers and learners) may withdraw from the study at any time without any penalties and they 

have the right not to answer a question.  

Thank you.  

 

Parents Signature: ______________________________    

Date:  ________________________________________ 
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APPENDIX J: LETTER TO PARTICIPANTS 

 

Dear Participant, 

REQUEST FOR PERMISSION TO CONDUCT A RESEARCH 

I am Kotoka Love (Mrs), a full-time teacher at Hammanskraal Secondary School, and a PhD 

student at UNISA. As a requirement for the award of a Doctor of Science degree in Science, 

Mathematics and Technology Education, I am investigating grade 11 learners’ problem-

solving skills and conceptual reasoning on stoichiometry and its related concepts. 

I would like to humbly request you to participate in an academic research study in this regard. 

In this study you the grade 11 Physical Science learner will be expected to write one test and 

respond to a questionnaire and be interviewed after you have been taught stoichiometry by your 

teacher. The interview will be audiotaped. The researcher will also request few learner 

workbooks to look at notes and activities on stoichiometry. 

To participate in this study, you will be given a consent form to be signed by either your parent 

or guardian and you should return it to the researcher at the onset of the data collection process. 

Your participation in this study is voluntary and confidential. At no time will the name of your 

school or your name be identified. While this study may be published, you are guaranteed that 

neither your school nor your name will be identified in any report of the results of the study. 

No costs will be incurred by either your school or you as a participant. 

There will be no interruption of your normal school programme, the normal school timetable 

shall be followed, and you will be taught by your usual subject teacher. The data collected will 

be treated with confidentiality and your name will not be mentioned in the analysis of the data.  

This study is being conducted with the view to offering useful solutions to the teaching of 

Chemistry to improve learners’ performance in the subject. 

Please do not hesitate to contact me if you have any further queries or clarifications. My contact 

details are as follows:  

Cell number: 0725746200. 

Email: kotokalove@gmail.com 

I look forward to your anticipated positive response. 
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Thank you. 

Yours faithfully, 

(                      ) 

Kotoka Love. 

 

 

Consent form for learner participants in the study  

I, (Name) _____________________________________________________________, of 

_____________________________________________________________ school, have read 

and understood the procedures involved in the study and what is expected of me as a 

participant. I understand that my name and identity will be protected in the study. I willingly 

give consent that I am willing to participate in the study. The data collected shall be treated 

with confidentiality and the name of the participants (teachers and learners) will not be 

mentioned in the analysis of the data. The participants (teachers and learners) may withdraw 

from the study at any time without any penalties and they have the right not to answer a 

question. 

Thank you.  

 

-------------------------                                                 ------------------------  

Signature of learner                                                           Date  
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APPENDIX K: APPROVAL LETTER FROM GAUTENG DEPT OF EDUCATION 
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APPENDIX K: LETTER CONTINUOUS 
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APPENDIX L: AN ETHICS LETTER FROM UNIVERSITY OF SOUTH AFRICA 
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APPENDIX L: LETTER CONTINUOUS 
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APPENDIX M: OUTPUT FOR RESEARCH QUESTION TWO FOR CONCEPTUAL 

REASONING PREDICTING PROBLEM SOLVING SKILLS 

Residuals Statisticsa 

 Minimum Maximum Mean Std. Deviation N 

Predicted Value 1.09 13.00 8.08 2.849 410 

Std. Predicted Value -2.456 1.727 .000 1.000 410 

Standard Error of 

Predicted Value 
.256 .678 .348 .097 410 

Adjusted Predicted Value .98 13.13 8.08 2.850 410 

Residual -13.003 14.353 .000 5.165 410 

Std. Residual -2.515 2.776 .000 .999 410 

Stud. Residual -2.527 2.780 .000 1.001 410 

Deleted Residual -13.131 14.397 .000 5.186 410 

Stud. Deleted Residual -2.544 2.803 .000 1.003 410 

Mahal. Distance .003 6.034 .998 1.211 410 

Cook's Distance .000 .031 .002 .003 410 

Centered Leverage Value .000 .015 .002 .003 410 

a. Dependent Variable: PSS     
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APPENDIX N: OUTPUT FOR TEACHERS- LEARNERS QUESTIONNAIRE 

Group Statistics 

 GROUP N Mean Std. Deviation Std. Error Mean 

Q1 T 13 5.4615 .66023 .18311 

L 13 5.6154 .65044 .18040 

Q2 T 13 5.5385 .66023 .18311 

L 13 5.4615 .77625 .21529 

Q3 T 13 5.2308 .92681 .25705 

L 13 5.3077 .75107 .20831 

Q4 T 13 5.0769 .75955 .21066 

L 13 5.8462 .55470 .15385 

Q5 T 13 5.0769 .75955 .21066 

L 13 5.0000 1.41421 .39223 

Q6 T 13 5.7692 .43853 .12163 

L 13 5.9231 .27735 .07692 

Q7 T 13 5.3077 .75107 .20831 

L 13 4.9231 .86232 .23916 

Q8 T 13 5.3846 .65044 .18040 

L 13 5.0769 1.44115 .39970 

Q9 T 13 5.5385 .66023 .18311 

L 13 4.9231 .64051 .17765 

Q10 T 13 5.1538 .68874 .19102 

L 13 5.2308 .72501 .20108 

Q11 T 13 5.2308 .83205 .23077 

L 13 5.6923 .75107 .20831 
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APPENDIX O1: A SAMPLE OF COMPLETED CLASSROOM OBSERVATION SCHEDULE 

FOR THE PILOT STUDY 

 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: ______________________________  Lesson number: ___________ 

Observer code: _____________________________   Subject: __________________ 

Topic               : _____________________________            Grade: ___________________ 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teachers presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and Integrate Maths 

(change of subject) where necessary 

X    

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

X    

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX O2: COMPLETED CLASSROOM OBSERVATION SCHEDULE FOR THE 

PILOT STUDY 

 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: ______________________________  Lesson number: ___________ 

Observer code: _____________________________   Subject: __________________ 

Topic               : _____________________________            Grade: ___________________ 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the lesson X    

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teachers presents topics logically according to the 

arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. he 

explains concepts clearly and provides relevant 

examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners by 

appropriately using teaching aids to facilitate 

teaching and learning 

X    

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts learners in 

groups to solve stoichiometric problems) 

X    

8 Teacher uses different ways of assessment (e.g. class 

exercises, homework, oral questions, tests etc) to 

evaluate lessons to check the achievement of lesson 

objectives.   

 X   

9 Teacher teaches learners to use different formulae to 

solve problems and Integrate Maths (change of 

subject) where necessary 

X    

10 Teacher uses different resources during the lesson 

such as different textbooks, study guides, internet 

resources, past question paper, power points etc 

X    

11 Teacher’s general class management (e.g. managing 

class discussions, activities and learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions (e.g. 

Teacher makes follow-up to check whether learners 

understand) 

  X  
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APPENDIX P1: COMPLETED CLASSROOM OBSERVATION SCHEDULE 

 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 02      Lesson number: ONE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLE CONCEPT              Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

X    

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P2 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 02      Lesson number: TWO 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLAR GAS VOLUME             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P3 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 02      Lesson number: THREE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Concentration of Solutions             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

  X  

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX P4 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 02      Lesson number: FOUR 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE COMPOSITION            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

  X  

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

 X   

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P5 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 02      Lesson number: FIVE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Empirical & Molecular Formulae           Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

  X  

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

  X  

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

 X   

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teachear’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

   X 
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APPENDIX P6 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 02      Lesson number: SIX 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: LIMITING REACTANT            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

  X  

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

 X   

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

X    

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

  X  

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX P7 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 02      Lesson number: SEVEN 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE YIELD             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

  X  

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX P8 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 03      Lesson number: ONE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLE CONCEPT              Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P9 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 03      Lesson number: TWO 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLAR GAS VOLUME             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P10 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 03      Lesson number: THREE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Concentration of Solutions             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

 X   

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

  X  

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P11 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 03      Lesson number: FOUR 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE COMPOSITION            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

   X 
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APPENDIX P12 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 03      Lesson number: FIVE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Empirical & Molecular Formulae           Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P13 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 03      Lesson number: SIX 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: LIMITING REACTANT            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

  X  

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P14  

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 03      Lesson number: SEVEN 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE YIELD             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P15 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 04      Lesson number: ONE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLE CONCEPT              Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   

 

 



199 
 

APPENDIX P16 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 04      Lesson number: TWO 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLAR GAS VOLUME             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P17 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 04      Lesson number: THREE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Concentration of Solutions             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

  X  

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P18 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 04      Lesson number: FOUR 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE COMPOSITION            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

   X 
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APPENDIX P19 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 04      Lesson number: FIVE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Empirical & Molecular Formulae           Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P20 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 04      Lesson number: SIX 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: LIMITING REACTANT            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX P21 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 04      Lesson number: SEVEN 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE YIELD             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

  X  

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

   X 
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APPENDIX P22 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 08      Lesson number: ONE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLE CONCEPT              Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX P23 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 08      Lesson number: TWO 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLAR GAS VOLUME             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P24 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 08      Lesson number: THREE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Concentration of Solutions             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

  X  

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   

 



208 
 

APPENDIX P25 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 08      Lesson number: FOUR 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE COMPOSITION            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

 X   

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P26 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 08      Lesson number: FIVE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Empirical & Molecular Formulae           Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

  X  

3 Teacher considers and reviews learners previous 

knowledge 

  X  

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

 X   

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

   X 
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APPENDIX P27 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 08      Lesson number: SIX 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: LIMITING REACTANT            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX P28 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 08      Lesson number: SEVEN 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE YIELD             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P29 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 10      Lesson number: ONE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLE CONCEPT              Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P30 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 10      Lesson number: TWO 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLAR GAS VOLUME             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

  X  

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

 X   

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P31 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 10      Lesson number: THREE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Concentration of Solutions             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

  X  

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

X    

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX P32 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 10      Lesson number: FOUR 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE COMPOSITION            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

  X  

3 Teacher considers and reviews learners previous 

knowledge 

  X  

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

 X   

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

  X  

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

   X 
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APPENDIX P33 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 10      Lesson number: FIVE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Empirical & Molecular Formulae           Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

  X  

3 Teacher considers and reviews learners previous 

knowledge 

  X  

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

 X   

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P34 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 10      Lesson number: SIX 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: LIMITING REACTANT            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX P35 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 10      Lesson number: SEVEN 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE YIELD             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

  X  

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

 X   

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

   X 

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

  X  

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

   X 
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APPENDIX P36 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 11      Lesson number: ONE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLE CONCEPT              Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P37 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 11      Lesson number: TWO 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: MOLAR GAS VOLUME             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

  X  

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

   X 

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P38 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 11      Lesson number: THREE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Concentration of Solutions             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

 X   

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

 X   

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

  X  

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX P39 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 11      Lesson number: FOUR 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE COMPOSITION            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P40 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 11      Lesson number: FIVE 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: Empirical & Molecular Formulae           Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

 X   

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

X    

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P41 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 11      Lesson number: SIX 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: LIMITING REACTANT            Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

 X   

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

 X   

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

 X   

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

 X   

12 Teacher did remedials to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

  X  
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APPENDIX P42 

CLASSROOM OBSERVATION SCHEDULE 

 

Teacher code: 11      Lesson number: SEVEN 

Observer code: RESEARCHER    Subject: PHYSICAL SCIENCES 

Topic: PERCENTAGE YIELD             Grade: ELEVEN 

Instructions:  

For each of these statements indicate in the appropriate box in front of it with X  

 Teachers teaching approach Excellent Good Fair Poor 

1 Evidence of Teacher preparation prior to lesson; 

Teacher presents well planned lesson   

X    

2 Teacher set an achievable objective(s) for the 

lesson 

X    

3 Teacher considers and reviews learners previous 

knowledge 

 X   

4 Teacher presents topics logically according to 

the arrangement in the CAPS document 

X    

5 Teacher shows much content knowledge (e.g. 

he explains concepts clearly and provides 

relevant examples on concepts 

X    

6 Teacher simplifies difficult concepts for learners 

by appropriately using teaching aids to facilitate 

teaching and learning 

  X  

7 Teacher involves learners in the lesson and uses 

strategies for engaging learners (e.g. puts 

learners in groups to solve stoichiometric 

problems) 

X    

8 Teacher uses different ways of assessment (e.g. 

class exercises, homework, oral questions, tests 

etc) to evaluate lessons to check the 

achievement of lesson objectives.   

 X   

9 Teacher teaches learners to use different 

formulae to solve problems and integrate Maths 

(change of subject) where necessary 

  X  

10 Teacher uses different resources during the 

lesson such as different textbooks, study guides, 

internet resources, past question paper, power 

points etc 

 X   

11 Teacher’s general class management (e.g. 

managing class discussions, activities and 

learner discipline) 

  X  

12 Teacher did remedial to rectify misconceptions 

(e.g. Teacher makes follow-up to check whether 

learners understand) 

 X   
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APPENDIX Q: COMPLETED TEACHER LESSON PLANS 
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APPENDIX R: TRANSCRIPTION OF LEARNER INTERVIEW SCHEDULE 

  

SCHOOL CODE: 01 

LEARNER 1 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; A bit difficult. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I looked at the moles and the stoichiometric ratio of the reactants and the products and 

balanced them. If there were 2 Hs on the reactant side, there has to be 2 Hs on the product 

side. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; You calculate moles by using n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used c = n/v. 

Q5; How do you understand limiting reactant? 

A5; It is the reactant that is completely used up in the chemical reaction. 

 

LEARNER 2 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Some were difficult, others were okay. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; Firstly, I looked at the equations to see which is balanced and which is not balanced and 

try to balance them. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I used the formula n = m/M. 
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Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the equation of nb /na = Cb + Vb/Ca +Vb. 

Q5; How do you understand limiting reactant? 

A5; It is like something that is left. 

 

LEARNER  3 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Both difficult and easy for me. Eish! It needs a practice. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; Mainly when I balance equations I looked for the element that is not balanced and 

balance it first and look for another and another. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; There is equation that is n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; Yes, the formula that I used is nb /na = Cb + Vb/Ca +Vb. 

Q5; How do you understand limiting reactant? 

A5; It is a compound that is left behind during a reaction. 

 

LEARNER  4 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was difficult although some were simple and easy. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; Firstly, I would looked at those which are balanced and find those which are not and try 

to balance them. 
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Q3; How did you relate mass, molar mass and moles of substances? 

A3; I related them by using the equation n = m/M.  

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula of nb /na = CbVb/CaVb. 

Q5; How do you understand limiting reactant? 

A5; The reactants that are left out. 

 

LEARNER  5 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; I found them a bit difficult. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; Balancing the equations, we have been doing it for a while now so I know how to 

balance equation. I balanced it the way they taught us to check how many Hs or Os are there 

and balance them.   

Q3; How did you relate mass, molar mass and moles of substances? 

A3; Number of moles is equal to mass divided by the molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used a formula. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant is like let say you have 5 here and 2 there, 2 is the limiting reactant 

because is the one that is stopping you from doing something. 
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LEARNER 6 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was easy but a bit tricking here and there, and I just forgot how to calculate few things. 

It was very satisfying to know that I could actually work out the problems and have been 

listening in class.   

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; You will first look at the unbalanced equation then you will list all the elements that are 

exactly in the chemical equation and then balance them.  

Q3; How did you relate mass, molar mass and moles of substances? 

A3; It has an equation which you have to work it out and then to get your mass you have to 

take your number of moles and multiply by the molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; What I did was I listed my equation to see if it was balanced and then I automatically put 

in the ratio 1:1 or 1:2. To get the number of moles then I took my concentration and 

multiplied it by the volume. 

Q5; How do you understand limiting reactant? 

A5; It is the reactant that is used up first in the chemical reaction. 

 

SCHOOL CODE: 02 

LEARNER 1 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Some were easy some were difficult especially question 5 but I answered some. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; First of all, I start with the reactant and after I looked at the product. I see how many 

elements do I have there then I balance them. 
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Q3; How did you relate mass, molar mass and moles of substances? 

A3; I just use the formula n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I start with which one is limiting reactant first, then after finding it I use that to calculate 

moles. 

Q5; How do you understand limiting reactant? 

A5; It is the one that is used up in the reaction. 

LEARNER 2 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Some of them were friendly some of them were difficult. I was very much happy that I 

was given an opportunity to write this test. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; First I looked at the molar mass and secondly, I calculated the number of moles. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I will firstly calculate molar mass then I find the moles using n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula to calculate it using CaVa/CbVb = na /nb  

Q5; How do you understand limiting reactant? 

A5; I have forgotten it. 

 

LEARNER 3 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Some of them were easy and others difficult but it was a good practice for me. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I first looked at the reactant then I checked the products then I balance them. 
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Q3; How did you relate mass, molar mass and moles of substances? 

A3; I will use the formula moles equals mass over molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; In fact, I didn’t get it right. 

Q5; How do you understand limiting reactant? 

A5; I couldn’t define it. 

 

LEARNER 4 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Most of them were easy but some were difficult and I was able to see where did I 

struggle. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I checked the number of moles that I have in the reactants and the products before I 

balance them. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I relate them using n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I didn’t get it right. 

Q5; How do you understand limiting reactant? 

A5; It is the substance that is used up in a chemical reaction. 

A5; It is the substance that is used up in a chemical reaction. 
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LEARNER 5 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Some of them were difficult that I could not answer and others easy. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I looked at the products that are unequal so that I can balance them. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; Using the formula n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; Is the em … 

Q5; How do you understand limiting reactant? 

A5; I don’t know it. 

 

LEARNER 6 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Some questions were easy, and some others were difficult. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I looked at the molar mass in the chemical reactant and compared them to the molar mass 

of the product. And I made sure that their molar masses are equal. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; They relate with the formula n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I couldn’t answer that question. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant is the mass that is totally used up in a reaction. 
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SCHOOL COCE 03 

LEARNER 1 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was kind of difficult. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; Like if there is one mole here and two there. I have to make sure they are both balanced. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I’m gonna used the formula n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula n = c/v. 

Q5; How do you understand limiting reactant? 

A5; They are atoms on the reactant side that would determine how many product will be 

produced. 

 

LEARNER 2 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were easy. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; First I looked at the number of molecules of Hs then they were 2 and on the other side 

sulphur they were 3 and so I went to the product and balance it. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; It is … 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I applied the concentration formula c = n/v. 
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Q5; How do you understand limiting reactant?  

A5; Limiting reactant is a reactant that is used up and determines the product. 

 

LEARNER 3 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Easy; It was a very good challenge. I have to use my brain. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; To balance the equation I have to make sure the moles are equal on each side. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; They all contribute to the reaction forming a product. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula for calculating concentration, c = n/v 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant in a reaction is the reactant that is used up. But there is still more 

reactants that are reacting.  

 

LEARNER 4 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; I think easy because it leads to other things that can open your mind to think about other 

things than using your own ways of solving problems. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; The approach was that I couldn’t get the formula properly because it kind of confusing. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; First I have to know that the molar mass if the mass is given then n = m/M. 
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Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used a formula c = n/v 

Q5; How do you understand limiting reactant? 

A5; I know that limiting reactant is the one that it makes other substances in terms of it is less 

or more. 

 

LEARNER 5 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; I would say they were fair. I think it gave enough practice.  

 Q2; How did you balance the chemical equations in question one and five in section B? 

A2; My approach was simple. I just made sure that there is enough each on both sides of 

reactants and products. So that when there is 4 oxygen on this side there is also 4 oxygen on 

the other side and that is how I did it. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; Moles equals to mass over molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I didn’t answer it 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant is the reactant that falls short. 

 

LEARNER 6 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; For me it was difficult because I am not sure about all my answers. 
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Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I compared the number of moles at the side of the reactants and on the other side of the 

products. And… 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; For the number of moles, you divide the number of given mass by the molar mass.  

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula for calculating concentration. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant is the reactant that is completely used up in a chemical reaction. 

 

SCHOOL CODE: 05 

LEARNER 1 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; I believed they were quite easy. I really enjoyed it because it also helped me since we are 

writing chemistry exam soon. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; My approach was I usually start with the factor of two and then if it does not work, I look 

at the substances of the left-hand side to those of the right-hand side. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; Those formula which is known as n = m /M which is when mass and molar mass is 

given.  

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I applied c = n/v as well as the mole ratio. 

Q5; How do you understand limiting reactant? 

A5; What I understand is that it is the reactant that will usually get used up in a chemical 

reaction. 
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LEARNER 2 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Easy; It was normal, we are used to it. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I just looked at it and then I counted the number of let say hydrogen atoms that are there 

if they don’t equal up then I have to balance it. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; They use the same equation. So that means mole is directly proportional to mass and 

indirectly proportional to the molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used c = n/v regarding question three. 

Q5; How do you understand limiting reactant? 

A5; It will be the reactant that is used up and limits the production of others. 

 

LEARNER 3 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were not that difficult. I would say they were easy. I thought it was fun. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I know that the number of moles in the reactants has to be equal to the product. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; They have a relationship where you have to find one of them using the equation n = 

m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; So, we need AgNO3 and NaCl so the mole ratio was 1:1. So I used that concept find my 

moles for both of them and at the end you see which one is the limiting reactant. 
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Q5; How do you understand limiting reactant? 

A5; It is the substance which is used up in a chemical reaction. 

 

LEARNER 4 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was easy because I understood the questions. There were some questions that were just 

a bit like considered as a long process. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I think it was kind of easy because like you know, I just counted on each side how many 

Cs, Hs there were and I tried to balance them so that the number of moles will be the same. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; The number of moles is equal to the number of mass over the molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the concentration formula where c = n/v then I worked out the number of moles 

from there to get the ratio. 

Q5; How do you understand limiting reactant?  

A5; Limiting reactant is the one in the equation that decreases the product. 

 

LEARNER 5 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; I found them a bit difficult. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; Balancing the equations, we have been doing it for a while now so I know how to 

balance equation. I balanced it the way they taught us to check how many Hs or Os are there 

and balance them.   
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Q3; How did you relate mass, molar mass and moles of substances? 

A3; Number of moles is equal to mass divided by the molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant is like let say you have 5 here and 2 there, 2 is the limiting reactant 

because is the one that is stopping you from doing something. 

 

LEARNER 6 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was easy but a bit tricking here and there, and I just forgot how to calculate few things.  

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; You will first look at the unbalanced equation then you will list all the elements that are 

exactly in the chemical equation and then balance them.  

Q3; How did you relate mass, molar mass and moles of substances? 

A3; It has an equation which you have to work it out and then to get your mass you have to 

take your number of moles and multiply by the molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; What I did was I listed my equation to see if it was balanced and then I automatically put 

in the ratio 1:1 or 1:2. To get the number of moles then I took my concentration and 

multiplied it by the volume. 

Q5; How do you understand limiting reactant? 

A5; It is the reactant that is used up first in the chemical reaction. 
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SCHOOL CODE: 06  

LEARNER 1 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; I think they were difficult because we didn’t have enough practice of exam questions. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; First you count the elements on both sides of the chemical equation. And uh…  

Q3; How did you relate mass, molar mass and moles of substances? 

A3; It is n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I don’t understand question 3. I didn’t write it. 

Q5; How do you understand limiting reactant? 

A5; I know the definition like they are completely used up. 

 

LEARNER 2 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Difficult because it is a little bit challenging. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I looked at the equations, therefore if I have 2 oxygen, I must add them. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I know the formula which is n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used a formula. 

Q5; How do you understand limiting reactant? 

A5; It is when two substances react. 
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LEARNER 3 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Easy but the last question challenged me. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I checked the reactants and the products whether they are equal or not and balanced them 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I used the formula n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula for concentration to calculate the mole then I used mole ratio. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactants are the total reactants used up in chemical reaction. 

 

LEARNER 4 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was fair enough. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I didn’t balance it first because I think they are all right. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; By using formula n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula c = n/v. 

Q5; How do you understand limiting reactant? 

A5; It is when two substances react to form a product the reactant which is used up. 
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LEARNER 5 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were fair. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; The reactants must be equal to the product. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I will use the formula n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula n = c/v. 

Q5; How do you understand limiting reactant? 

A5; I have forgotten. 

 

LEARNER 6 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was fair. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I first looked at the reactant if the atom in the reactant has much more than then I have to 

balance it and make it equal. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I used the formula n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I did used a formula. I got volume and concentration of AgNO3 so I used n = c/v then I 

got moles. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant I could not defined. 
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SCHOOL CODE: 08 

LEARNER 1 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was challenging, it was both difficult and easy. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; The left-hand side must be equal to the right-hand side in terms of number of moles. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; In order to find moles, you divide the mass over the molar mass and mass you multiply 

moles with the molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used concentration equals moles over volume. 

Q5; How do you understand limiting reactant? 

A5; It is … eg. 4H and 3O to give two waters. 

 

LEARNER 2 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; I would say some were difficult and some were easy. Some of the questions were 

challenging because I did not know which formula to put where and some have similar 

formula. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; The balancing equation were easy for me. I took the first product and the final one then I 

saw if there is 2 oxygen at the first side then there must be 2 at the final too. I did all like that 

to balance them. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I would say that the small m = mass and M = molar mass and n = moles so I put it like 

that way. 
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Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used concentration equals moles over volume to find moles and then used mole ratio. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant is the one or the substance that gets finished up during the process first. 

 

LEARNER 3 

Q1; Were the problems on the learner achievement test difficult or easy?  

A1; They were very easy. It was a good way to prepare me for exams. It showed me some of 

my weak and strong points. It showed me how I forgot some of the formulae. It showed me 

where to improve upon. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I first looked at the reactants and I compared them to the products, and I looked at which 

element was lacking and how I have to balance them. So, what I did basically was I think the 

equation was water with sulphur, so I did add another sulphur to balance the equation. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I know that we use moles = mass over molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used concentration equals moles over volume. 

Q5; How do you understand limiting reactant? 

A5; It is the opposite of the element that is in excess. So, if an element is in excess it means 

there is more of it. 
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LEARNER 4 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; I would say that some of them were easy to answer and some were hard to answer. I did 

not do my best but as much as I keep on studying and understanding the concepts, I will be 

better. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; Well, I first looked at the question then I times and see if they are all balance and what I 

do to the left side I must do to the right side until they all balance together. 

Q 3; How did you relate mass, molar mass and moles of substances? 

A3; I will say there is not much difference though. The mole contains … 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I did used the formula c = n/v to calculate the moles. 

Q5; How do you understand limiting reactant? 

A5; It is the one that is used up in a reaction. It will be the one limiting the other reactants. 

 

 LEARNER 5 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was difficult. It looks like it challenged me to do my level best.  

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I took the steps for instance … 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I used the formula of the moles equals mass over molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I do not understand the question. 
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Q5; How do you understand limiting reactant?  

A5; I understand it according to me when I took the definition. 

 

LEARNER 6 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were easy if you understand it. It was one that made you to think. Like you needed 

to reason about the answer. You needed to use your brain.  

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; If you see the bottom number to see if the right-hand side number and the left-hand side 

are not equal, you try to make them equal. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; It is n = m/M 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I made use of mole ratio. 

Q5; How do you understand limiting reactant? 

A5; The limiting reactant is the one that is completely used up. There is nothing left of it. 

 

SCHOOL CODE: 09 

LEARNER 1 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Some easy and others tricky. Problem solving experience is all about critical thinking 

and you should kind of come with strategies and solutions to solve the problem. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I checked the molar masses and number of moles and the ratios and then checked if they 

are balanced. 
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Q3; How did you relate mass, molar mass and moles of substances? 

A3; To calculate number of moles you say mass over molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I think I used formula and notes on limiting reactant. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant is the molecule that is totally used. 

 

LEARNER 2 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Most of them were easy but I found a few difficult. At first it felt difficult but as you go it 

became easy. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I calculated the atomic number. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I would say n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I solved it using the mole ratio. 

Q5; How do you understand limiting reactant? 

A5; The limiting reactant is completely used up in a chemical equation. 

 

LEARNER 3 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were easy but some of them were difficult. 

Q2; How did you balance the chemical equations in question one and five in section B?  

A2; I took 2 to the other side and my final equation was balanced. 
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Q3; How did you relate mass, molar mass and moles of substances? 

A3; It is number of moles equals mass over molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula for percentage yield. I looked for number of moles, 

Q5; How do you understand limiting reactant? 

A5; For limiting reactant example, if I have 5M and 3M then 5M is greater than 3. So my 

limiting reactant is 5. 

 

LEARNER 4 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were a little bit difficult. It was an experience. The challenges were fun. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I will start off by checking the coefficient if they are the same and then one element on 

the reactant must be the same on the product. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; When you calculate moles is the mass divided by molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula which is c = n/v. 

Q5; How do you understand limiting reactant? 

A5; It is that reactant that is used completely in a chemical reactant. 

 

LEARNER 5 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were easy. It was fun but question five was difficult. 
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Q2; How did you balance the chemical equations in question one and five in section B? 

A2; You count number of atoms of the reactant and number of atoms of the products then 

you balance them. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; There is an equation that links them, but I have forgotten. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I applied mole ratio and I also used c = n/v. 

Q5; How do you understand limiting reactant? 

A5; I don’t understand that one. 

 

LEARNER 6 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was fair. It was a learning process. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I think you need to look at the number of moles so that you can know if may be say how 

many H is here and there then you balance it. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; Number of moles is mass over molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used a formula CaVa = CbVb. 

Q5; How do you understand limiting reactant? 

A5; Is the reactant that is used up in equation. 
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SCHOOL CODE: 10 

LEARNER 1 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; I think they were easy. Mum, it was a good test because it challenged my thinking after 

all this other tests. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; First I looked at the reactant side and then the product side and I looked at the 

coefficients of the molecules so that I was able to balance.  

Q3; How did you relate mass, molar mass and moles of substances? 

A3; For moles, mass and molar mass of a substance, what I know is a mole = mass over 

molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used mole ratio to that question. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant, I understand that it is the remaining substance that we have after we 

have mix all these substances and it is the one that is used up. 

 

LEARNER 2 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Not easy at all, they were difficult. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I checked the number of moles in the reactants and in the product of the equation and I 

got to balance them to be equal on both sides. 

Q3; How did you relate mass, molar mass and moles of substances?  

A3; I checked the mass that I was given and then to get moles I divided the mass with the 

molar mass. 
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Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used mole ratio. 

Q5; How do you understand limiting reactant? 

A5; I think the limiting reactant is the total amount that the molecule can … 

 

LEARNER 3 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Easy. I think it helped us a lot to refresh our memories. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I checked every element in the reactant and then I checked the products and took it from 

there. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; The number of moles is inversely proportional to the molar mass and directly 

proportional to the mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula of c = n/v. 

Q5; How do you understand limiting reactant? 

A5; It is a reactant which is used up in a reaction before any other substance. 

 

LEARNER 4 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were easy. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I started with number of elements found in the reactants must be equal to the number of 

those in the product. 
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Q3; How did you relate mass, molar mass and moles of substances? 

A3; The mass is inversely proportional to the molar mass and directly proportional to the 

moles. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula c = n/v. 

Q5; How do you understand limiting reactant? 

A5; It is an element found in a reaction that is required and needed for the reaction to take 

place. 

 

LEARNER 5 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; Not easy nor difficult. I think it is fair. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; Okay, so I looked at how many moles are at the right-hand side do I have and I must 

change the number of moles here to match the left hand side. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I know that moles is equal to mass over molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used formula CaVa/CbVb  

Q5; How do you understand limiting reactant? 

A5; I don’t really understand. 
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LEARNER 6 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were easy if you understand it. It was mind boggling.   

Q2; What was your approach to balancing the chemical equations in question 1 and 5 in 

section B? 

A2; If you see the bottom number to see if the right-hand side number and the left-hand side 

are not equal, you try to make them equal. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; It is n = m/M 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I made use of mole ratio. 

Q5; How do you understand limiting reactant? 

A5; The limiting reactant is the one that is completely used up. There is nothing left of it. 

 

SCHOOL CODE: 11 

LEARNER 1 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; The problems were difficult because you had to give reasons sometimes. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I balanced the equation firstly you check products then you put the coefficient then you 

can draw a table on the side to see if you reach. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; It depend on the question because there are two formulae; n = cv and n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula which is n = V/Vm  
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Q5; How do you understand limiting reactant? 

A5; It is the reactant which will run out first during the chemical reaction. 

 

LEARNER 2 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were easy; It was okay for someone who studied or who understands what he/she 

was doing. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; It was very to balance. Firstly, I took my elements in the reactants and the products. If for 

example, Cu is 2 at the product they have to be. That is how I balanced it.  

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I used the formula mole is mass over molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; On question 3, I calculated the number of moles for AgNO3 and the number of moles for 

NaCl. Therefore, AgNO3 had the least number of moles than NaCl and said AgNO3 is the 

limiting reactant. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant is the reactant that is firstly used up in a chemical reaction. 

 

LEARNER 3 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; It was easy. I cannot say it was difficult. It was okay. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I will check how many reactants are this side and see if the products are the same and if 

they are not the same then I try to balance them. 
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Q3; How did you relate mass, molar mass and moles of substances? 

A3; Moles equals mass over molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used the formula which is c = n/v. 

Q5; How do you understand limiting reactant? 

A5; I don’t understand limiting reactant. 

 

LEARNER 4 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were a bit difficult for me. I didn’t feel comfortable because I made a lot of 

mistakes. 

Q2; How did you balance the chemical equations in question one and five in section B?  

A2; I looked at the reactants first and then at the products. And then I looked at the 

coefficient of the reactants and of the products and I used the coefficients to balance 

everything. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; It is number of moles equals mass of a substance divided by the molar mass. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I applied the formula which is c = n/v. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant is the reactant which is completely used in a solution. 
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LEARNER 5 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were difficult though, but I did not see any problem for me. My confidence was 

high and I felt good because for me this was a revision. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; Here I just put 2 for the coefficient of the reactant and on the product, I put 3 to balance 

them. 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; The relationship is when you have a mass it is easy to get the moles because is n = m/M. 

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; Yes, I used a formula c = n/v. 

Q5; How do you understand limiting reactant? 

A5; Limiting reactant; you calculate the number of moles then you multiply it. 

 

LEARNER 6 

Q1; Were the problems on the learner achievement test difficult or easy? 

A1; They were easy. For me the questions were friendly, they were not all that difficult. They 

were just challenging in a way and then you have to use your experience. 

Q2; How did you balance the chemical equations in question one and five in section B? 

A2; I was actually looking at the reaction first and then determining the number of moles at 

the reactant and also the product. I would compare the coefficients and balance them 

Q3; How did you relate mass, molar mass and moles of substances? 

A3; I would say moles equals mass over molar mass.   

Q4; Regarding question three, in section B, how did you apply the concept of mole ratio? 

A4; I used a formula which is pV = nRT 
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Q5; How do you understand limiting reactant? 

A5; Limiting reactant I understand it according to when you have to calculate percentage yield. 
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APPENDIX S1: SAMPLES OF LEARNER WORKBOOK 
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APPENDIX T: CERTIFICATE FOR TURN-IT-IN 
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APPENDIX U: CERTIFICATE FOR LANGUAGE EDITING 

 


