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Workshop Purpose 
This workshop has been designed to help HODs and lead teachers develop tools that will 
help teachers to develop activities and homework questions for learners to help them 
develop conceptual thinking in different topics of Physics and Chemistry.   
 
 



 2 

 

Rationale for the focus on Conceptual Thinking 
The diagnostic report on the 2018 NSC for Physical Sciences identified learners’ ability to 
answer questions that required conceptual thinking as an area of weakness. The report 
encourages teachers to develop activities and questions for learners to do in class and for 
homework regularly so that these learners will be better prepared for future examinations. 
 
Methodology of the Workshop 
This workshop focuses on recommendation from the 2018 NSC Diagnostic Report. 
Participants will analyse the report and develop plans to implement the recommendations 
for topics that will be taught in the 2nd Term.  
 
Although the report identifies many areas of weakness and gives recommendations to help 
learners improve, the common thread running through the report on both papers is to 
strengthen the conceptual thinking among learners. 
 
In previous workshops, we focused on how HODs should encourage teachers to think about 
the development of concepts in a particular topic across different Grades. We also applied 
the tool of meta-cognition to various problems. This strategy helps teachers identify 
misconceptions and is crucial in developing a solid and correct conceptual understanding of 
crucial points in a topic.  
 
In this workshop, we will take time to analyse the report together and focus on how to 
implement the recommendation of developing activities and assessment questions for 
topics to be taught in term 2 in Grades 10 - 12. 
 
Reflection 

What do you understand by the phrase, “conceptual thinking”? 
 
__________________________________________________________________________ 
 

__________________________________________________________________________ 
 

__________________________________________________________________________ 
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Session 1: Analysis of the NSC Diagnostic Report 

Introduction 
The NSC diagnostic Report is an invaluable tool that needs to used in planning by all 
educators of Physical Sciences. This document provides evidence of how the CAPS 
curriculum is being delivered. The report identifies areas that need attention and gives 
many specific useful suggestions on how improvement in teaching and learning can be 
achieved. It is therefore important to take time to analyse the recommendations and to 
make plans to be incorporate them in to schools’ subject improvement plans.  

Key Findings from Report (Combination of both Papers) 

“The tremendous improvement in the performance of candidates in 2018 can be attributed 
to the stability in the curriculum and both teachers and candidates becoming familiar with 
the assessment style of the subject. 
However, there is still room for improvement in the performance of the candidates if the 
challenges surrounding problem solving skills, mathematical skills, conceptual 
understanding and integration of topics are addressed. In this regard, integrated problem 
solving must become an integral part of teaching and learning.” 
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Activity 1: Analysis of data from the report on the Physics Paper 

Instructions: Skim through the general comments from the diagnostic report and the 
graph on the next page. Please work quickly to pick out key points. 

General Comments 

a.  The multiple-choice questions (Q1) and questions on Newton’s Laws of Motion, 
Vertical Projectile Motion and Electrodynamics (Q2, Q3 and Q10) were generally well 
answered. 

b.  Grade 11 work is poorly understood. Grade 11 work should be included in classwork, 
homework and tests in Grade 12. 

c.  Questions pertaining to pure recall of content were very poorly answered. Teachers 
are advised to use many short informal assessment tasks to reinforce basic concepts 
and principles, e.g. short speed tests (± 10 minutes). This can be used to good effect 
in content relating to definitions and laws listed in the CAPS and the examination 
guideline. 

d.  Learners are still struggling with drawing and labelling free-body diagrams correctly. 
The drawing of free-body diagrams is central to solving problems involving forces 
acting on objects and teachers should therefore ensure that learners are able to 
draw free-body diagrams for such problems in classwork, homework and tests. 

e.  Interpretation of graphs is a challenge for many learners. Problem-solving exercises 
that involve graphs should be done in a variety of topics. Identification of the 
variables in relation to the equation describing the graph should 
be stressed. The scale of graphs, gradient, ordered-pairs and x and y-intercepts need 
to be emphasised within problem-solving in science contexts. 

f.  Some learners still cannot work with scientific formulae correctly. Teachers should 
emphasise the use of the relevant formula provided on the formula sheet, correct 
substitution and providing the answer with the correct unit and 
direction if required.  

g.  The application of mathematical principles is still a challenge for many learners. 
Learners should be given a variety of problem-solving activities that involve 
mathematical knowledge pertaining to simultaneous equations, quadratic 
equations, binomials, factorisation, trigonometry and graphs in classwork, 
homework, tests and examinations. 

h.  Problem-solving activities where different knowledge areas are integrated should be 
given to learners. 

i.  Teachers should include at least two conceptual questions on all topics in Physics in 
classwork and homework exercises each week. This will assist learners to have a 
deeper understanding of Physics concepts. 
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DIAGNOSTIC QUESTION ANALYSIS OF PAPER 1 

  

Reflection: 

Identify two or three key of the most important points you need to encourage teachers to 
focus on in their planning and teaching of Physics this year, based on the above comments 
and graph. Write each point down on a card provided. Stick your cards on to a wall or 
window. Group cards from other participants that are similar together. Arrange the groups 
of cards under two categories Recall, Develop Conceptual Understanding and Other 
 

Analysis of Selected Questions 

For this part of the activity, sections from the report have been selected relating to topics 
taught in the 2nd Term and from Question 9 which was the question on which most learners 
struggled. 

Instructions 

Work in pairs or threes on the question you have been given. Identify two or three 
strategies you need to encourage teachers to focus on in their planning and teaching of 
Physics this year, based on the suggestions for improvement mentioned in the diagnostic 
report for your question. Write each point down on a card provided. You don’t need to only 
focus on the question from the 2018 exam paper but consider the tropic more generally 
too. 
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Question 5: Work, Energy and Power 

Question 5: Extract from Diagnostic Report 

Common Errors and Misconceptions 

a.  Some candidates could not properly define non-conservative force while some 
omitted key words in their definition, e.g. omitting the word ‘work’ and using ‘force’. 

b.  Most candidates could not determine whether F is a non-conservative force or not. 

c.  Many candidates defined the work-energy theorem incorrectly viz. the net work 
done is ‘directly proportional to’ instead of ‘equal to the change in kinetic energy’. 

Suggestions for Improvement 

a.  Carefully selected examples and assessment tasks must also be used to facilitate the 
understanding of why certain forces are classified as conservative or non-
conservative. 

b.  When using Wnc= ∆U + ∆K or Wnet = ∆K learners must draw a force diagram to 
identify the forces acting in the direction of motion to determine the number of 
forces causing the net work to be done. 

c.  When calculating ∆K learners used ½ m(vf – vi)2 instead of ½ m(vf2 – vi2). 
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Question 6: Doppler Effect 

 

Question 6: Extract from Diagnostic Report 

Common Errors and Misconceptions 

a.  A number of candidates struggled to state the definition correctly. Some key terms 
in the definition were omitted. The key phrases omitted by the candidates were: 
change in frequency; relative motion. 

b.  Many candidates related the change in the pitch of sound to the loudness of the 
sound. Loudness of sound is related to amplitude and not frequency. 

c.  In Q6.3, some candidates used the equation c = fλ instead of the equation v = fλ. 
Further, some candidates substituted the speed of light instead of the speed of 
sound to determine the frequency of the sound. 

d.  In Q6.4, candidates incorrectly used the time travelled by patrol car in x metres as 
the period of the sound wave and hence calculated the frequency using this time. In 
addition, many candidates substituted the wrong value for the observed frequency 
(fL). in the Doppler equation. From this it can be deduced that they did not 
understand the meaning of the statement, ‘the driver … hears a sound with 
frequency of 50Hz lower than the sound emitted by the alarm’. 

Suggestions for Improvement 

a.  Teachers need to source and expose learners to questions that require them to solve 
for different variables instead of always solving for the frequency of the detected 
sound or the velocity of the sound source or of the listener. 

b.  Revise the use of the wave equation: v = fλ  
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Question 9: Electric Circuits (Internal Resistance) 
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Question 9: Extract from Diagnostic Report  

Common Errors and Misconceptions 
a.  Candidates failed to recognise that the given equation, R = ∈" − 	% , was in the form of 

a linear equation, dealt with in Mathematics. If they did, they would have answered 
the question quite easily as it required them to determine the intercept on the y axis 
of the graph (-r) and the emf (∈), which was the gradient in the equation. 

b.  Several candidates also failed to see that entries on the x-axis were ∈"  . This meant 
that if they chose to use the equation,E= I(R + r) , they had to select the appropriate 
points and then take the inverse of these points on the x-axis. 

Suggestions for Improvement 

a.  The experiment on internal resistance must get the necessary attention. Make sure 
that the graph drawn is also mathematically understood. This means that learners 
must also be able to write the equation of the graph and be able to identify the 
variables in the equation as relevant physical quantities that apply. 

b.  Refer to alternative graphs to the one presented in this paper. Expose learners to 
graphs in general. Also ensure that learners use two sets of coordinates (i.e. two 
ordered pairs) for calculating the gradient. 

c.  Teachers must assist learners to understand the x and y variables, x-intercept, y-
intercept and gradient and gradient in terms of physical quantities. Give learners 
exercises involving graphs on all knowledge areas in Physics. Learners should do at 
least two problem-solving activities involving graphs on any topic in Physics each 
week. 

Group Activity 

You will see that space has been created on one of the walls or windows in the room for 
recommendations on each question to be collated. 
1. Place the cards you have been working on in your pairs or 3s under the headings, 

Enhance Recall & Develop Conceptual Understanding. You can also place a card in 
between these headings too if the strategy you suggest targets both of these areas. 

2. When placing your cards, explain your strategies to other participants working on 
the same question. Group similar items from other small groups together.  

3. Evaluate the arrangement of the cards and make suggestions of where cards could 
be moved if necessary. 

4. Take turns to look at the ideas suggested by the groups working on the other 
question. Look for similar strategies in different questions. Think critically about 
where Recall or Conceptual Understand is required. Let one or two members that 
were working on a question stay with the cards to answer questions from other 
participants. Make sure the people that stay also gets a chance to see what other 
groups have done.  
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Activity 2: Analysis of data from the report on the Chemistry Paper  

Note: The general comments from the diagnostic report and the graph on the next page 
have been given here as a reference only. You will see the comments also highlight the need 
to improve both Recall and Conceptual Understanding. 

General Comments 

a. Q2 assessed knowledge and skills learnt in the prescribed experiment on the 
preparation of esters and was not answered as expected. Practical work seemed to 
be neglected in most schools. 

b.  Questions on chemical equilibrium (Q6) and fertilisers (Q10) were poorly answered. 
Most candidates had a poor understanding of Le Chatelier’s principle resulting in 
poor performance in Q6. Most candidates struggled to answer the calculation in 
Q10. 

c.  Questions pertaining to pure recall of content were answered very poorly. Teachers 
are advised to use more short informal assessment tasks in order to reinforce basic 
concepts and principles, e.g. short speed tests (± 10 minutes).This can be used to 
good effect in content relating to definitions and laws listed in the CAPS and the 
examination guidelines. 

d.  Grade 11 work (Stoichiometry) is poorly understood. Grade 11 work should be 
included in classwork, homework and tests in Grade 12. 
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Analysis of Selected Questions 

Instructions 

For this part of the activity, sections from the report have been selected relating to topics 
taught in the 2nd Term, namely Question 5 to 7. 

Work in pairs or threes on the question you have been given. Identify two practical 
strategies   you need to encourage teachers to focus on in their planning and teaching of 
Chemistry this year that will develop conceptual understanding. Also include one strategy 
that will promote recall. You can be guided by the suggestions for improvement related to 
each question as well as guidance given in CAPS Write each strategy down in point form on 
the cards provided. 

Question 5: Reaction Rate & Stoichiometry 
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Question 5: Extract from Diagnostic Report 

Common Errors and Misconceptions 
a.  In Q5.1, candidates had a poor understanding of the concepts independent variable, 

dependent variable and controlled variable which are taught from grade 10. 
b.  The definition of reaction rate is still a challenge to many candidates (Q5.2). Key 

words in the definition such as per unit time and change were often omitted. 
Common incorrect definitions were: 
* The rate at which reactants are changed into products (no mentioning of amount, 
volume, mass, concentration) 
* The speed at which reactants convert to products 

c.  In Q5.3, candidates failed to realise that the only difference between experiment 2 
and experiment 4 was the volume (in excess) of HCℓ. Therefore the average reaction 
rate and thus the reactions times would be the same. 

d.  Most candidates obtained marks for the interpretation of the Boltzmann distribution 
curves in Q5.4, but failed to give correct reasons for their answers. 
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e.  The calculation of the average rate of the reaction in Q5.6 was a challenge to many 
candidates. Common errors were: 
* Substituting the mass of Zn in the numerator when calculating the reaction rate 
* Calculating the concentration of Zn using the volume of acid and then using this  
concentration to calculate reaction rate 
* Swapping the initial and final moles of Zn and/or swapping the initial and the final 
times 
* Obtaining a negative answer for reaction rate 

 
Suggestions for Improvement 
a.  When calculating reaction rate for a reaction using the number of moles of 

reactants, the following expression should be used:  

Average rate =  −∆(
∆) = − (+	,	(-

)+	,	)-
  

The number of moles of reactants decreases because reactants are used and 
therefore nf – ni will be negative. The minus sign ensures that a positive value is 
obtained for reaction rate.  
When calculating reaction rate for a reaction using the number of moles of products, 
the following expression should be used:  

Average rate =  ∆(∆) =
(+	,	(-
)+	,	)-

   

 Here the rate is still positive because products are being formed. 

Question 6 Chemical Equilibrium 
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Question 6: Extract from Diagnostic Report 

Common Errors and Misconceptions 

a.  Candidates who did not obtain full marks for stating Le Chatelier’s principle in Q6.1, 
omitted one or more of the following keywords: When the ‘equilibrium is disturbed’, 
the system will ‘re-instate a new equilibrium’ by ‘opposing the disturbance’. 

b.  In the explanation using Le Chatelier’s principle in Q6.2, many candidates could not 
identify the forward reaction as endothermic. Other common errors were: 
* Omitting the statement that a decrease in temperature will favour the exothermic  
reaction 
* Not stating that the reverse reaction is favoured 

c.  Most candidates could not apply Le Chatelier’s principle in Q6.3.1 to a situation where 
the pressure of a gas increases due to a decrease in volume. 

d.  Many candidates missed the effect of an increase in pressure due to a decrease in 
volume of a gas on the rate of the forward and reverse reactions in Q6.3.3. Due to the 
increase in concentration, the rates of both reactions will increase. 
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e.  The Kc calculation in Q6.4 was poorly answered due to one or more of the following 
reasons: 
* Not using 20% of X to find the moles of [N2O4] that have reacted 
* Using the 20% of X as the amount left at equilibrium instead of the amount used 
* Ignoring the 20% of X 

* No Kc expression (Note that Kc = [/01234)5][7894)9()5] is NOT a Kc expression!) 

* Incorrect Kc expression 
* Splitting the N2O4 into N2 and O4 resulting in three columns in the table  

Suggestions for Improvement 

a.  Content and methodology training of teachers on the application of Le Chatelier’s 
principle will assist inexperienced teachers to teach this topic. Experienced teachers 
can also share methodology in the teaching of the topic with others. 

b.  More emphasis should be placed in class on explanations requiring Le Chatelier’s 
principle. Learners struggle to express themselves when explaining in terms of Le 
Chatelier’s principle. They should be exposed to more exercises to practise such 
explanations.  

c.  When explaining whether a reaction is exothermic or endothermic, the following steps 
are important: 
Example: N2O4(g)  ⇌  2NO2(g)  ∆H < 0 
1. Identify the disturbance e.g. a decrease in temperature 
2. State the effect of the disturbance on the system      
   e.g. a decrease in temperature favours the exothermic reaction. 
3. State which reaction will be favoured when opposing the disturbance   
   e.g. the reverse reaction will be favoured. 
4. State, if required, the effect of the above on the number of moles of products or  
reactants e.g. the number of moles of N2O4 will increase. 

d.  Teachers should avoid the use of Kc = [/01234)5][7894)9()5]  in class. Use chemical equations to 

teach the writing of Kc expressions. 

e.  For learners to clearly understand the above calculations, it might be prudent to use 
excess and limiting reagents as a precursor to dynamic chemical equilibrium to help 
learners track and calculate the moles in excess and the limiting moles.  



 16 

Question 7 Acids and Bases 

Question 7: Extract from Diagnostic Report 

Common Errors and Misconceptions 

a.  Instead of the definition of an acid in terms of the Lowry-Brønsted theory in Q7.1.1, 
many gave the definition in terms of the Arrhenius theory. 

b.  In Q7.1.3, most candidates assumed that H2O acts as ampholyte in the ionisation of 
sulphuric acid without looking at its role in the given reactions. Some of those who 
knew that the ampholyte is HSO4-, omitted the charge on the ion. 

c.  Common errors when stating the definition of hydrolysis in Q7.2.1 were: 
* The salt dissolves in water instead of reacts with water 
* The salt ionises in water (a salt already consists of ions) 
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d.  In Q7.2.2, very few candidates wrote the equation of a hydrolysis reaction to show 
how CaCO3 neutralises the acid. Most of those who attempted the equation, did not 
write an equation in which one the ions of the salt (CO32- ) reacts with water, but 
CaCO3 itself was reacted with water instead. Other errors were: 
* Using dissolves instead of the keyword reaction in the definition 
* Stating that hydrolysis is the dissolution/ionisation/dissociation of a salt in water 
* Stating the definition of neutralisation instead 

e.  Many candidates could not use their calculators correctly to calculate [H3O+] from pH 
in Q7.3.1. Common errors were: 
* Using an incorrect pH formula e.g. pH = -log[OH-] 
* Using round brackets instead of square brackets in the pH formula 
* Omitting the + on H3O+ in the pH formula            
* Omitting the pH formula and just starting with 5 = -log[H3O+] 
* Omitting the unit (mol·dm-3) or using an incorrect unit (mol·dm3) 
* Obtaining 0,69 which is the log of 5 after substituting 5 for pH in a correct formula 

f.  Most candidates skipped one or more steps in the calculation in Q7.2.3. 
Common errors were: 
* Using an incorrect formula e.g. n = V ÷ Vm 
Skipping the subtraction step i.e. n(H3O+)reacted = n(H3O+)initial – n(H3O+)final 
* Swapping the initial and final moles of H3O+ when subtracting - a negative answer 
should have been obtained 
* Using the final number of moles of H3O+ given in the paper as the number of moles 
that have reacted 
* Calculating the mass of H3O+ and CaO and then applying mole ratios on the masses 
* Using the initial concentration of H3O+ to calculate the concentration of water 

Suggestions for Improvement 
a.  Teachers need support in the teaching of hydrolysis of salts. Very few candidates 

could answer the question on hydrolysis. 
b.  When teaching hydrolysis, learners should be taught to split the given salt into ions 

and then each ion should be reacted with water.  
c.  Ensure learners know how to use their calculators to calculate [H3O+] from the pH. 
d.  Learners should be taught to label formulae when doing multistep calculations e.g. 

when calculating the number of moles of H3O+, the formula should be as follows: 
n(H3O+) = cV. 
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Group Activity 

You will see that space has been created on one of the walls in the room for 
recommendations on each question to be collated. 
1. Place the cards you have been working on in your small groups under the headings, 

Enhance Recall and Develop Conceptual Understanding.  
2. When placing your cards, explain the strategies the group has discussed to the other 

participants working on the same question. Make sure different people are given the 
chance to explain. 

3. Group similar items from other small groups together.  
4. Take turns to look at the ideas suggested by the groups working on the other 

question. Look for similar strategies in different questions. Think critically about 
where Recall or Conceptual Understand is required. Let one or two members that 
were working on a question stay with the cards to answer questions from other 
participants. Make sure the people that stay also gets a chance to see what other 
groups have done.   

  



 19 

Session 2: Developing Conceptual thinking in Physics  

Introduction 

The phrase conceptual thinking is not well understood even though it has become a very 
popular “silver bullet” that will fix all our learners’ problems. To unpack this idea and make 
it practical, let’s reflect on how knowledge is constructed in the Sciences. 

In Physics and Chemistry our ideas about the world around us are developed from 
observations. Scientists ask questions about what they’ve observed and then try to identify 
the factors that are contributing towards the event or phenomenon they have observed. 
They then make predictions about what will happen if one of the factors is changed. Next, 
they design an experiment to test their prediction. In this way, they establish relationships 
between the different factors that affect the observed event or phenomenon. They can 
represent these relationships in words, a diagram, a graph or an equation. After lots of 
people have checked the evidence and confirmed that the data is correct and reliable, 
scientists record their findings as Laws and Principles. These are collected and over time 
Scientists try to explain how and why the laws and principles seem to work.  They develop 
models or theories to answer these questions. 

So at the heart of all Science there is a drive to answer questions that will help us make 
sense of the world around us. It is a process of knowledge creation. It is this process that  
links different concepts together that we call   conceptual thinking or concept development. 

However, School Science does not always allow young scientists to develop their thinking in 
this way. In many schools around the world the emphasis is for learners to learn the laws 
and principles by rote and then use the equations to solve routine questions by simple 
calculations. The focus here is on computational fluency and not on sense making through 
reasoning about relationships. 

To develop conceptual thinking in Science, we need to go back to the core nature of Science 
and ask learners and teachers questions that relate what they observe around them to laws 
and principles established by Scientists over the years. We need to ask leaders how different 
quantities are related to each other and ask them to make and test predictions of what will 
happen to a quantity e.g resistance when a quantity e.g.  temperature is increased or 
decreased. We need to ask learners to explain their thinking (meta-cognition) in words, 
diagrams, graphs or equations.   
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Activity 1    Identifying Conceptual Thinking in Physics 

The topics that need to be taught in Term 2 for Grades 10 – 12 are listed below            

Term 2  Topics 

Grade 12 Work-Energy 

  Doppler Effect 
Grade 11 Geometrical Optics 
  Ideal Gases & Thermal Properties 
Grade 10 Electrostatics, Magnetism, Electric Circuits 
 
Instructions for the activity  

1. Work in groups of no more than 6. Select one of the topics listed above. Refer back 
to the recommended activities that were highlighted for Physics questions in the 
previous session.  

2. Based on the ideas above, plan an example of one learner activity  that you could 
implement in a lesson to encourage the development of conceptual thinking, Record 
a description of your activity on a page of flip chart paper and include questions a 
teacher could ask to guide the learners’ thinking.. 

3. Also discuss how you also promote better recall of the key concepts required for this 
topic. 

4. You will be given a chance to share your ideas with the rest of the group. 
 
Note: The activities below are given as a reference 

Suggested activities to promote conceptual understand 

 

Work-Energy 

This example seeks to engage learners by asking them questions about two videos accessed 
from YouTube. The videos are closely linked to the topic of Vertical Projectile Motion but are 
used here to explore Energy conservation and Non-conservative work. Learners are able to 
link topics together and solve integrated questions when they are taught to think about the 
relationship between different factors based on their own observations.     
Show learners a video of a daredevil free falling without a parachute and landing in a net. 
Luke Aikins No Parachute 25,000 Feet Airplane Jump 
https://www.youtube.com/watch?v=GaANi96Z-Wg 
 
Compare this to a stuntman who freefalls  from the stratosphere and then opens a 
parachute. 
Felix Baumgartner's supersonic freefall 
https://www.youtube.com/watch?v=FHtvDA0W34I 
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Ask learners to discuss the following questions: 
1. What energy transfers took place while both men were in free fall?  
2. Was any work done on the stuntmen? 
3. Describe what was happening to their downward velocity? 
4. Sketch a graph to show what was happening to the men in freefall?   

Draw sketches of velocity vs time and work vs time graphs for each stuntman. 
 What is different about the sketch graphs of the two stuntmen? 
5. What force(s) do work on the stuntmen?  
6. What happened after the stuntman opened the parachute? 
7. What forces are acting on the stuntman with the parachute? 
8. Why is the net work down on the stuntman with a parachute equal to 0J? 
9. What non-conservative work was done on the stuntman with the parachute? 
10. What non-conservative work was done on the stuntman without the parachute?  

Doppler Effect 

This example seeks to engage learners by asking them questions about graphs and seeks to 
link Mathematical knowledge to a Physics context.  
Give learners a table of values for the frequency of source (fs) and the apparent frequency of 
sound observed by a listener (fL), for the listener moving towards the source at a constant 
velocity of 5m.s-1. In the experiment the frequency of the source is changed for each trial. 
Ask learners to plot a graph of the frequency of the listener for different source frequencies. 

1. What does the gradient of the line represent? Recall a straight line graph is written 
in the form y = mx +c. 

2. Use the graph to determine the speed of sound 
3. Predict what would happen to the shape of the graph if: 
 3.1 the speed of the observer increased or decreased? 
 3.2 the observer moved away from the source? 

Geometrical Optics 

This example seeks to engage learners by stimulating their curiosity. This simple experiment 
produces a very unexpected result. Some learners may be amazed but be ready to write their 
observations off as a trick or something that cannot be explained. It is important to guide 
their thinking and help them apply their knowledge of light to this activity. 
Draw a small thick arrow, about 2cm long and 0,5 cm wide onto a piece of card. 
Look at the arrow from about 1 m away.  
Place an empty glass jar between the observer and the arrow. 
Next while the observer is watching the arrow, fill the glass jar with water. 
Ask learners to describe and explain what they observe. 
Question to guide learners’ thinking 

1. How do we usually see an object? 
2. When the arrow was behind the glass jar did light still travel from the arrow into 

place our eyes in a straight line? 
3. What effect does water have on light? 



 22 

Ideal Gases & Thermal Properties 

This example seeks to engage learners by asking them to think about relationships 
represented in graph. Here a mathematical tool helps us have a better description of a 
relationship. 
Ask learners to plot a graph of pV vs T for a sample of He that behaves like an ideal gas.  
What does the gradient of the line represent? 
Use the graph to determine the mass of gas present in the sample. 
Could you have used other gas instead of helium? 

Magnetism 

This example seeks to engage learners by creating cognitive conflict. Many people think that 
the geographic north is also a magnetic north pole when in fact it has the nature of a south 
pole. We know this because the North pole of a free moving magnet is attracted to the 
magnetic pole that occurs at the geographic north. The principle we apply here is that 
opposite poles attract each other. 
The Earth is a giant magnet. The magnetic field protects us from high energy solar radiation. 
Draw the magnetic field pattern around the Earth. 
Show the direction of the field lines. 
Label the magnetic poles.  
What will happen when you place a free moving magnet into your magnetic field? 

Electrostatics 

This example seeks to engage learners by asking them to explore relational thinking. Grade 
10 learners do not need to know Coulomb’s law but should have an idea that when the size 
of the charge increases the force of repulsion increases too. They should also recognise that 
the force depends on the distance between charges.  

What happens to the force exerted on two oppositely charged spheres if the charge on each 
sphere is doubled or halved but the distance between the charges remains constant? 
You could ask learners to explore this question by using the following simulation: 
https://phet.colorado.edu/en/simulation/coulombs-law 

Activity 2    Assessment of Conceptual Thinking 

In Physics, conceptual thinking can be assessed by focussing on three types of questions: 

1. A description in words when given in a table of data, a diagram or a graph. This is 
usually related to a law, principle or definition.   

2. A question that probes understanding of relationships based on a law or a graph or 
given equation.  This does not involve numbers but requires learners to think about 
how changing one variable by a certain factor will cause another variable to change. 

3. A mathematical analysis of a given graph. 
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Group Activity 

Work with the ideas you have developed on the sheet of flip chart paper. 
1. Design two different types of questions that assess conceptual thinking targeted in 

the activity designed for your topic. These questions should not take more than 15 
minutes for learners to complete and could be given to them for homework or a 
class test. 

   2. Check if your questions related to areas of weakness or used any of the 
recommendations given in the diagnostic report. 

Exemplar Question  

In an experiment at an accident research laboratory, a car driven by remote control was 
crashed into the back of an identical stationary car. The mass of the remote controlled cars 
is 20 kg. On impact the two cars joined together and moved in a straight line. The graph on 
the next page shows how the velocity of the remote controlled car changed during the 
experiment. 

1. Draw the velocity – time graph of the car that was stationary before collision, onto 
the same set of axes as the car that was moving. 

 

2. Use the graphs to calculate the magnitude of the net force acting on the cars when 
they are joined together. 

3. Draw a sketch graph of the net force acting on the car that was originally stationary. 

4. Use the net force – time graph to compare the impulse on the 2nd car during 
different time intervals. 

5. What is the relationship between net force and time? 
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Session 3: Developing Conceptual thinking in Chemistry 

Introduction 

Although there are similarities in Physics and Chemistry, there are core difference in the 
way Physicists and Chemists think. 

The most useful tool for understanding conceptual thinking in Chemistry is Johnstone’s 
triangle. 

 

This shows how Chemists continually relate observations and data collected in the real 
world (Macroview) to the unseen world of particles (Sub-Microview) and the special 
language of chemistry (Symbolic).   

Activity 1    Identifying Conceptual Thinking 

The topics that need to be taught in Term 2 for Grades 10 – 12 are listed below   

Term 2  Topics 

Grade 12 Rate & Extent of reactions 

  Chemical Equilibrium  
  Acids & Bases 

Grade 11 Quantitative aspects of chemical change. 
 
Grade 10 Physical & Chemical Change, Representing Chemical Change;  

Reactions in aqueous solution 
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Instructions 

1. Work in groups of no more than 6. Select one of the topics listed above for the 
Grade you have been given. Refer back to the recommended activities that were 
highlighted for Chemistry questions in the previous session. 

2. Based on the ideas above, plan an example of one learner activity  that you could 
implement in a lesson to encourage the development of conceptual thinking, Record 
a description of your activity on a page of flip chart paper and include questions a 
teacher could ask to guide the learners’ thinking.. 

3. Also discuss how you can also promote better recall of the key concepts required for 
this topic. 

4. You will be given a chance to share your ideas with the rest of the group. 
 

Suggested activities to promote conceptual understand 

 

Stoichiometry 

This topic needs to be integrated into all Chemistry topics, especially in Grade 12. Research 
of students studying Chemistry at University has shown that this is conceptually the most 
challenging aspect of Chemistry. You can help learners improve their understanding by 
asking them to draw molecule diagrams in the correct ratio of a sample of matter, a solution 
or reactants and products in chemical equilibrium. 

One of the barriers to solving problem in stoichiometry is not always a conceptual problem 
but rather fluency when working with ratios. It is recommended that you get learners to 
sort sweets or beads into different ratios.  

Acids and Bases  

The concept of the hydrolysis of a salt can be explained in terms of Le Chatelier’s Principle. 

1. Start by writing down the auto-ionisation reaction of water 

2. Ask learners to predict what will happen to the position of the equilibrium under the 
following conditions:     

 2.1 An increase in the [H+] 
 2.2 A decrease in the [OH-] 
 2.3 An increase in [Na+] 
 2.4 An increase in the [Cℓ-] 
 2.5 An increase in [Zn2+] 
 2.6 An increase in [CH3COO-] 
3. What will happen to the pH in each of the cases above (2.1 – 2.6) 

4. Ask learners to draw a sketch of a 50 ml solution of 0,5 mol.dm-3 ethanoic acid 
showing all the molecules and ions in the correct ratio   
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Activity 2    Assessment of Conceptual Thinking 

In Chemistry, conceptual thinking can be assessed by focussing on three types of questions: 

1. A description in words when given in a table of data, a diagram, a chemical equation 
or a graph. This is usually related to a law, principle or definition.  Learners may also 
be asked to draw a picture representing the microscopic view based on a symbolic 
representation or a description of a process in words.  

2. A question that probes understanding of relationships based on a law or a graph or 
given equation.  This does not involve numbers but requires learners to think about 
how changing one variable by a certain factor will cause another variable to change. 
The understanding of ratio is particularly important in stoichiometry. 

3. A mathematical analysis of a given graph. 
 

Group Activity 

Work with the ideas you have developed on the sheet of flip chart paper. 
1. Design two different types of questions that assess conceptual thinking targeted in 

the activity designed for your topic. These questions should not take more than 15 
minutes for learners to complete and could be given to them for homework or a 
class test. 

   2. Check if your questions related to areas of weakness or used any of the 
recommendations given in the diagnostic report. 

 

Exemplar Question 

The following chemical equilibrium is established in a closed 500mℓ container at 450K: 

 4 NH3 + 5 O2   4 NO  + 6 H2O  ΔH < 0 

The concentrations of the reactants and products were: 

[ NO ] = 2,5 mol.dm-3   [ H2O ] = 1,5 mol.dm-3   
[ NH3 ] = 1,5 mol.dm-3  [ O2 ] = 0,5 mol.dm-3 
There was a change in the conditions of the system and after a short time a new chemical 
equilibrium was established at a temperature of 450K. The concentration of nitrogen (II) 
oxide was found to be 3,5 mol.dm-3. 

1. Calculate the new concentration of: 

 1.1 ammonia   1.2 oxygen 

2. Identify the specific change that took place to disturb the first equilibrium. Justify 
your answer by doing calculations. 
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