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Activity 1: ITEM ANALYSIS

DISCUSS QUESTIONS AND ANSWERS

A Diagnostic Approach

(35min)

This item analysis is based on an imaginary mid-year examination. The reason this item
analysis is included as a tool for diagnostic assessment is fo show that valuable information
can be extracted from a careful analysis of a sample of learners’ marks. A whole class or
grade at a school would be ideal but the data may be overwhelming and not consistent. A
smaller random sample is used here to identify areas of weakness or good performance. It is
a useful exercise for learners to do themselves too (with no learners’ names provided of
course). This will help them identify areas where they need to get help in or spend more time
studying and correcting misconceptions. In this way learners can be taught to take more
responsibility for their own learning even at this early stage.

1 2 3 4 5 6 7 Total
g B>x =
s 2 | B | 927 | g |58 | &8
5| 5| gg| =iz | “E|3EE7| E%
2| @e® | sFa =178 2| %3
Marks 9 20 8 13 9 19 9 85 %
Name
A 7 8 7 12 8 5 0 47 55,29
B 6 4 8 10 6 6 0 40 47,06
C 7 12 6 12 9 4 1 51 60,00
D 9 10 8 8 7 5 2 49 57,65
E 9 8 5 9 6 6 3 46 54,12
F 5 2 6 8 4 4 2 31 36,47
G 8 7 7 5 5 1 41 48,24
H 9 12 8 8 7 2 0 46 54,12
| 9 16 8 13 6 4 0 56 65,88
J 7 8 7 9 6 6 2 45 52,94
Average 8 9 7 10 6 4 1
Average 84 44 88 74 71 25 12 53,18
(%)
1. What information can you draw about the learners’ performance from the
table above?
2. In which questions did the learners do well and why?
3. In which questions did the learners struggle the most and why?
4, Did all learners perform at the same level in this sample? Do any learners

stand out for either good performance or poor performance?
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Possible answers to the above questions to consider:

1. The large majority of this sample has performed very well. The mark sheet and
averages per questions helps you identify areas where most learners performed well
and where they performed poorly too. The mark sheet helps you see trends in learner
performance too e.g. From Question 2 onwards the level of performance decreases.

2. The learners answered the Periodic Table questions very well.

The learners performed very well in the Balancing Equations questions.
3. The learners performed poorly in the last two questions.
4, Achievement was varied.

Learner | performed really well on Question 1 — 5. However, s/he scored only 4 marks
out 28 marks for questions 6 & 7.
Learner F scored poorly in all questions

Activity 2: ANALYSIS OF COGNITIVE LEVELS (25min)

Question 1 — Graphing in Grade 8 (Included as a translation activity and for analysis
of cognitive levels)
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Figure: Graph depicting pH values of selected nutrients

What is the cognitive level of each question? Write your responses in the table
supplied below.

1.1 What is the range of the pH values? (1)

1.2 Calculate the mean (average) of the pH values of the nutrients. (2)
1.3 Present the data in the graph as a table. (4)
1.4 Give reasons why the pH values in most cases are below pH 7 (1)

Question Low Order Middle Order | High Order

1.1 1

1.2 2

1.3 4

1.4 1
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Question 1.1
This is a simple recall question

Question 1.2

This requires slightly more effort that recall. The learner needs to perform two small
calculations. First s/he must add the pH values correctly and then s/he must divide
the total by the number of items tested. This is not difficult with a calculator but the
procedure is logical and is not memorised without understanding.

Question 1.3

This question is certainly not a recall question. The learner should understand the
nature of data and how they are derived. The question is different from the usual list
to table to graph format. The learner must draw up a table correctly and then
franspose the data in the correct positions. It does not require analysis.

Question 1.4

In this case the learner must rely on previously constructed knowledge but must also
apply this knowledge and then analyse how the data link to everyday life. In most
cases, it is unlikely that the learners have encountered the identical questions
previously. Note that even though the task word is ‘give’, the question is not of the
low order type.

Activity 3: MODERATION OF A TEST (40min)

Moderate this question of a Grade 9 test. Look at the spread of cognitive levels and
the percentages supplied in a table below the question, is this in line with CAPS p87?

Question Two - Symbols and Formulae in Grade ¢

2.1 State in words the products of the reaction between a metal carbonate and
an acid. (3]
2.2 Give the formula of calcium carbonate. 2]

2.3 Imagine that you want to conduct an investigation using calcium carbonate
and hydrochloric acid. What everyday substances could you use instead of

calcium carbonate and hydrochloric acid? 2]
2.4 Give a balanced chemical equation for the reaction between calcium
carbonate and hydrochloric acid. [3]
2.5 Calcium hydroxide is used to test for the presence of carbon dioxide. Give
the formula of calcium hydroxide. 2]
2.6 Write the word equation for the reaction between calcium hydroxide and
carbon dioxide. [3]
2.7 Write a balanced chemical equation for the reaction between calcium
hydroxide and carbon dioxide. (4]
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Example 2 of cognitine levels analysis (Included to show variation in decision-

making
Low Order | Middle Order | High Order
Question Total Marks per Question
2.1 3
2.2 2
2.3 2
2.4 3
2.5 2
2.6 3
2.7 4
Total 7/ 8 4
Total % 37% 42% 21%
Question 2.1

This is a simple recall question.

Question 2.2
Depending on whether the learner has seen the formula before, this could be a
level 1 question OR a level 2 question.

Question 2.3
This is a recall-type level 1 question because learners should remember what
substitute substances can be used in place of commercial chemicals.

Question 2.4
The learner needs to understand the concept of reactions and apply prior
knowledge.

Question 2.5
The learner must construct a formula which requires more than recall but only if the
learner has not seen the formula before.

Question 2.6

A word equation is less demanding than a chemical equation but the learner
cannot use pure recall in this case, because the description in most textbooks
mentions ‘white precipitate’ and ‘cloudy’ rather than the words calcium carbonate.

Question 2.7

The learner must synthesise the information built up in the previous questions in order
to construct the equation.
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Activity 4: IMPROPER PHRASING (20min)

Question One (Included to discuss phrasing of questions)
Learners found these questions difficult to answer.

1.1 Whatis the range of pH SCAIE? ....ovviiiiieeeeeeeeee e, 1]

1.2 What do you mean by universal indicator? .........cocoovviiiiiiiiinnn, [1]

1.3a Write down the word equation for nitric acid and zinc.................. [3]

1.3b Write down the chemical equation for nitric acid and zinc............ [3]

1.4 What is the value of pH when an indication changes the colour blue green in
PASIC SOIUTION? e e, M

1.5 Give an example of a pure substance .........cccooviiiiiiiiiiiiiiiii, [1]

1.6 Describe what will be observed when carbon is burnt in a gas jar in the
presence of oxygen. 1]

1.7 Explain the formula of common salt...........oooiiiiiiie M

On the whole the questions are poorly phrased.

The following suggestions may be clearer. Discuss other, alternative ways of phrasing the
questions.

1.1 Whatisthe pHrange inapHscale?.......ccoooiiiiiiiiiiiiiceen, [M

1.2 What is a universal indicatore ... [1]

1.3a Write down the word equation for the reaction when nitric acid
reaCtS WIth ZINC v [3]

1.3b Write down the chemical equation for the reaction when nitric acid

1.5 Give an example of a pure chemical substance ............ccoooeiinie [M

1.6 State what will be observed when carbon is burnt in a gas jar in the presence of

(o) Ao =] o N OO 1]
1.7 Give the formula of common salt ..., [1]
Activity 5: Unscientific answers (30min)

In the next section, we will examine some typically unscientific answers. We need to
know why learners made these mistakes.

Question Two- Atomic structure (Included to discuss learner ability to visualise
something which is described in words)

Use a diagram to describe your idea of an atom with 1 proton and 1 neutron and 1
electron. [4]
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SUGGESTED MEMO
5.1

e 2 fornucleus.v’ v' 1 for electron.v’ 1 for neatness

¢ Figure 1: No proton, no neutron and no electron.
Figure 2: No nucleus, 4 flying electrons.
Figure 3: No proton, no neutron and no electrons/4 electrons.
Figure 4: Wrong presentation of an atom.

5.2,
Why, do you think, the learners found it difficult to answer the
question?
e Lazylearners?
e Poor teaching?
e Did not finish syllabus?
e Inappropriate questions for age group?
e Poorly phrased questions?
Discuss these possibilities.
Activity 6: Chemical reactions (25min)

Question Three - Chemical reactions (Included to discuss use of representations and
rearrangement of atoms and conservation)

6.1. Discuss the possible incorrect answers supplied by learners below:

Hydrogen gas and chlorine gas react to produce hydrogen chloride.
3.1 Write down the reactants of this reaction. 1]
3.2 Write down a word equation for this reaction. 1]
3.3 Draw dots to show how the atoms are rearranged during this reaction.
[4]
[6]

Possible incorrect answer
3.1 Hydrogen and chloride

3.2 Hydrogen and chloride hydrochloric acid
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3.3

® (=60

SUGGESTED MEMO
Question Three- Chemical reactions

3.1 Hydrogen gas and chlorine gas.v’ [1]
3.2 Hydrogen (g) + chlorine (g) —— hydrogen chloride (g).v’ [1]
3.3 Draw sketches to show how the atoms are rearranged during this reaction.

v for each sketch but relative size of atoms is not important. [4]

% . H—e) , )

Why, do you think, the learners found it difficult to answer the question?

3.1 has not yet learned to distinguish between chlorine and chloride (neutral atoms and ions)
no understanding of diatomic gases

3.2 use + instead of ‘and’, and chlorine gas instead of chloride and use an — instead
of voiviiiiiiiii

3.3 unable to balance equations

In general — insufficient practice in working with elements and compounds or did not study / do
homework exercises or?
However — beware of right answers — learners may have memorised equations.

¢ Use many concrete examples first with e.g. marbles and then with sticky dots.

6.2. What remediation steps could you put in place for learners who make these
mistakes?

Go back to science ‘words’. Is there room for rote learning?

Go back to particle model.

Review diatomic gases. Is there a language issue here?

Use many concrete examples first with e.g. marbles and then with sticky dots.
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Activity 7: TRANSLATING REPRESENTATIONS (20min)

Question Four — Molecules of compounds (Included to discuss translating
representations to words and digging for reasons for mistakes)

KEY

First, use the key to identify the atoms of elements represented below.

Then identify the representations of molecules of compounds below. Write the names and
formulae of the compounds in the spaces provided.

O

FIGURE A

FIGURE B

FIGURE C

FIGURE D

FIGURE E
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SUGGESTED MEMO

A = Water vH20 v'; B = Hydrogen chloride v HCl v'; C = Carbon dioxide v CO; v'; D = Carbon
monoxide v' CO v'; E = Ammoniav' NH3 v; [10]
Possible wrong answer

A = Oxygen O; B = Chlorine CL; C = Carbon C; D = Oxygen 0% E = Nitrogen N;

Why, do you think, the learners found it difficult to answer the question?
Misunderstood or misread question

Very confused about symbols and formulae

No clear idea about chemical substances involving set ratios

A Simply looking at a single element and not knowing /
forgetting that oxygen is diatomic

Single element AND disregarding (not knowing) convention
Single element again

Confusing convention AND ignoring an element

Focussing on largest atom and ‘forgetting’ the others

mogQOw

At first glance, it appears that the learner has not ‘learned’ his
work. He could be guessing. He is certainly not conserving
matter. There may also be a sight issue — can the learner see the
diagrams?

What remediation steps could you put in place for learners who make
these mistakes?

Examine frequency of wrong answers. Did they all get B wrong? Ask a
similar question about the other wrong answers. Check teaching.
Check completion of exercises. If necessary, drill exercises.

If only one learner, try to find out about sight or other problem. When
and if resolved, try to provide extra help with very concrete examples.
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Activity 8: PARTICLE MODEL (15min)

Question Five - Particle Model (Included because learners who use the model
correctly experience less difficulty with equations and chemical change than those
who use a confinuous model. It also raises language issues)

This can of cool drink was placed in a refrigerator. A few hours later, it was placed
on a table, unopened. Later we saw that it was covered with droplets of water.

COOL Zoor”
—
DRINK l(ihmg

8.1. Where did the water come from? [6]

SUGGESTED MEMO

It came from water vapour v' in the atmospherev’. When the water vapour came in contact with
the cold canv’, some of the molecules of water vapour lost energy and moved closer togetherv,
finally condensing into visible dropsv’ of water in the liquid phasev'.

Possible incorrect answers

e The water came from the can i.e. it leaked out of the can
e From condensation

e Condensation from the can

e Condensation of ice

e Evaporation and condensation

e |don’t know

e Condensation of ice

e Condensation of air

8.2. Why, do you think, the learners found it difficult to answer the question?
This is an old and well-used question so apologies to those who have seen it many times before.

By far the most frequent response is the single word ‘condensation’. This kind of answer illustrates
knowledge of a word without the knowledge of exactly what the word denotes. Condensation is
a process and not a physical entity as the use of the term might imply. | suggest that answers of
this nature result from excessive reliance on the use of definitions and rote learning. The learners
seem to know that condensation has something fo do with the appearance of the water droplets.
They seem very unsure of the mechanism. It is, of course, possible that some of the learners do
understand the process referred to. For example, ‘condensation of air’ may mean ‘condensation
of water vapour in the air or atmosphere’ but there is no clear reasoning evident. In any event,
teachers are expected to use language wisely in order not to create confusion.
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8.3. What remediation steps could you put in place for learners who
make these mistakes?
First of all, check that learners are aware that air is a mixture of gases,
because some learners disregard nitrogen; are unaware that carbon
dioxide occupies a small percentage of the total; think that air and
oxygen are the same thing.
Then examine the other answers and create a safe environment o
discuss the problems. Use probing questions

¢ What does condensation actually mean?

e  What sorts of matter can condense?
Later, as usual, concretise with real objects like beans or marbles.

Activity 9 [55min]

Question Six —= Naming Compounds (Included because it is basic) (15min)
Some aspects of science and other areas require memorising. This is one of them.
Make a ‘snap’ card game with words and humbers to enhance memory.

monhoxide one OXygen

Supply the meanings of the following prefixes and where possible give one example of each:

mono: 1 example: carbon monoxide (CO)

di: 2 example: carbon dioxide (CO»)

tri: 3 example: sulfur trioxide (SOs)

tetra: 4 example: carbon tetrachloride (CCls)
pent: 5 example: vanadium pentoxide (V20s)

NOTE: Question six provides new ideas for Grade 8 and possible revision for Grade 9.
Questions 7 to 10 are selected because they involve balancing equations for the reactions
discussed in Grade 9.

Question Seven - Metals with Oxygen (Included to test for conservation of mass
(15min))

Iron reacts with oxygen to form iron oxide. Write a balanced chemical equation for
this reaction

SUGGESTED MEMO
4Fe + 302 ———>» 2Fe20s

Possible incorrect answers for reactants

Fe+ 0, Fe or Fe; or 20 or O or anything else unbalanced
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7.1. Why, do you think, the learners could have made these mistakes?

On the whole, this is a problem with conservation of atoms. The learners seem to
know the symbols for the elements (possibly from periodic table) but are just sticking
the atoms together. The learner who wrote Fe2O3 could have memorised the
formula but is working by rote and not reasoning what is taking place with the
substances.

7.2. What remediation steps could you put in place for learners who make
these mistakes?

Learners must practise counting atoms and ensuring that RHS = LHS. See
below. Start by providing part of the answer as shown: Later provide less and
less information

Reactants Products
1 Fe 4 Fe
20 60O

How to balance?¢ What to multiplye

Question Eight = Acids and Bases (Included because it highlights a misconception
possibly derived from the mediaq) (10min)
In a sentence, write down a fact about acids or what do you know about acids?

Possible unscientific answers
Most learners’ answers involve acids ‘eating things away’ or ‘can burn you’'.

SUGGESTED MEMO

At this level and before teaching, I would say that the following is enough.

Acids turn blue litmus paper red (and have a pH value of less than 7). They have a sour taste and
corrosive.

How, do you think, the learners could have developed these unscientific ideas?

People obtain much of their information from the media. In journalistic reports and in
advertisements we hear of acid indigestion; acid baths and acid rain. Thus we can
understand why adults and children believe that acids are bad and dangerous.
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Question Nine - Rusting (included because it highlights a misconception possibly
derived from direct observation in everyday life). (15min)

Phumlane wanted to use some nails to fix his go-cart. Unfortunately, \ { J @
he left the nails outside in the atmosphere for a few days. Now he is %?\ s &

angry that there is rust on the nails. (See figure alongside). s~ _ ¢ &
Figure: Rusty nails

What caused the rust to appear on the nails? Explain in as much
detail as possible. (5]

SUGGESTED MEMO
A chemical reaction v' has taken place. Iron reacts with oxygen v' to form iron oxidev’. The
equation for the reaction is:

4Fe +30; —» 2Fe203 vV

Possible unscientific answers https://www.google.co.za/?gws_rd=ssl#gq=misconceptions+about+rusting&*

a. Therustis caused by water and an impurity in the nail reacting
b. Asthe nail rusts away it will get smaller
c. Therustisthere all the time under the surface of the nail

9.1. How, do you think, the learners could have developed these unscientific ideas?
Learners have tried to make sense of what they have seen in everyday life. Learner
(a) seems to have learned the word "reaction”" and used it to describe incompletely
and inaccurately what is happening. Learner (b) seems notf to conserve mass or
matter but considers matter ‘disappearing’. Learner (c) does not seem to think of
change as involving chemical reactions. Some educationists call this way of thinking
"modification"; the rust existed before the event, but became visible when the nail
was left outside.

9.2. What remediation steps could you put in place for learners who express these
unscientific ideas?

The learners’ statements quoted remind us of the importance of practical activities
and investigations with help from teachers. Learners must observe chemical
reactions and phenomena and interact with what they see and possibly feel (not
tastel). Teachers can ask probing questions to elicit responses.
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