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FOREWORD
This report presents Students’ Items Response Analysis (SIRA) on Form Two
Chemistry National Assessment which was conducted in November 2022. The
report aims to provide feedback to all educational stakeholders on the factors that
contributed to the students’ performance in Chemistry.

The Form Two National Assessment (FTNA) is a formative evaluation which
intends to monitor students’ learning in order to provide feedback that teachers,
students and other educational stakeholders can use to improve teaching and
learning respectively. This analysis shows justification for the students’
performance in the Chemistry subject. The students who attained high scores had
adequate knowledge of the concepts tested and managed to explain scientific facts.
Contrarily, those who scored low marks lacked adequate knowledge of concepts
and failed to respond according to the demands of the questions in justifying
scientific facts. Additionally, the students who scored low marks demonstrated
poor skills in mathematics.

This report will help students to identify strengths and weaknesses for them to
improve learning before sitting for their Certificate of Secondary Education
Examination (CSEE). It will help teachers to identify the challenging areas and
take appropriate measures during teaching and learning.

The National Examinations Council of Tanzania (NECTA) expects that the
feedback provided in this report will shed light on the challenges for which
education stakeholders should take proper measures to improve teaching and
learning the Chemistry subject. Consequently, students will acquire knowledge,
skills and competences indicated in the syllabus for better performance in future
assessments and examinations.

The Council appreciates the contribution of all those who prepared this report.

o

Dr. Said Ally Mohamed
EXECUTIVE SECRETARY



1.0

2.0

INTRODUCTION

This report analyses the performance of the students who sat for the Form
Two National Assessment (FTNA) 2022 in Chemistry subject. The 2022
Chemistry paper was set according to the FTNA format, which was
developed from the 2007 Chemistry syllabus for Ordinary Level Secondary
Education reprinted in 2017.

The paper comprised of sections A, B and C. Section A consisted of two
objective questions whereby question 1 consisted of ten multiple choice
items. Question 2 comprised five matching items. Section B consisted of
seven short answer questions, whereas section C comprised of one
essay/structured question. The students had to answer all the questions in
sections A, B and C.

A total of 632,840 students sat for the 2022 Chemistry assessment, out of
which 33.45 per cent passed the assessment. This indicates that the overall
performance was average. The students’ performance in each grade (A to F)
is shown in Table 1.

Table 1: The Performance of Students in each Grade in 2022

S/IN | Grade Number of Students Percentage of Students
1 A 11,354 1.79
2 B 13,582 2.15
3 C 61,813 9.77
4 D 124,953 19.74
5 F 421,138 66.55

Table 1 shows that the number of students who failed the assessment
amounts to 66.55 per cent, and only 1.79 per cent scored grade A.

In the year 2021, a total of 254,880 (42.37%) students out of 601,510
passed the assessment. Thus, students’ performance in the year 2022 has
decreased by 8.92 per cent compared to the performance in 2021.

ANALYSIS OF STUDENTS’ PERFORMANCE IN EACH QUESTION

Students’ performance in this analysis has been categorized into the score
intervals of 0 - 29, 30 - 64 and 65 — 100, which are classified as weak,
average, and good, respectively (see the Appendix).
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2.1

211

Section A weighed 15 marks, in which question 1 carried a total of ten
(10) marks, while question 2 carried five (05) marks. Each question in
section B carried ten (10) marks, and section C carried fifteen (15) marks.
All questions in sections A, B and C were compulsory.

SECTION A: OBJECTIVE QUESTIONS
This section consisted of two objective questions, namely multiple choice
and matching items.

Question 1: Multiple Choice Items

The question consisted of 10 items set from 9 topics, as follows:
Introduction to Chemistry; Oxygen; The scientific Procedures; Matter; Air
Combustion, Rusting and Fire Fighting; Heat Sources and Flames; Atomic
Structure; Periodic Classification and Formula, Bonding and
Nomenclature.

This question was attempted by 634,429 (100%) students. The analysis of
the students’ performance indicates that 19.30 per cent scored from 0 to 2
marks, 60.60 per cent scored from 3 to 6 marks, while 20.10 per cent scored
from 7 to 10 marks. Generally, the performance in this question was good
with 80.70 per cent of the students scoring 3 marks or above. Figure 1 gives
the summary of the performance.

Scores
m00 - 20

3.0 - 6.0
m7.0 -10.0

60.60%

Figure 1: Students’ Performance in Question 1

The students who scored high marks (20.10%) answered most items of the
question correctly. This implies that, the students had satisfactory
2



knowledge of different concepts across topics from which the items were
composed.

However, the students who scored low marks (19.30%) failed to attempt
most of the items. Generally, the students had inadequate knowledge of the
concepts. The general analysis of the student’s responses to each item, is as
follows:

In item (i), the students were asked to identify the set of products in
chemistry which are used for domestic cleanliness. The correct answer was
C, Detergents, soap, toothpaste and deodorant. Students who chose the
correct answer had adequate knowledge on the importance of Chemistry in
daily life. The students who opted for; A, Toothpaste, oils, detergents and
deodorant; B, Soap, deodorant, toothpaste and fuel; D, Drugs, toothpaste,
soap and oils failed to understand that oil is used as lubricant and fuel is
used as source of heat energy. Likewise, they did not understand the role of
drug which is to treat diseases rather than cleanliness.

In item (ii), the students were given the information that “During practical
work a measuring cylinder was used to prepare oxygen by decomposing
hydrogen peroxide. What is the function of the cylinder in this experiment?”
The correct answer was A, To measure volume. Students who opted for the
correct answer were knowledgeable on the uses of laboratory apparatuses.
Those who chose B, To measure weight confused the function of spring
balance with that of measuring cylinder. The students who opted for C, To
measure width or D, To measure volume length confused the dimensions
(length and width) which are used to calculate volume with volume itself.

In item (iii), the students were required to identify the scientific procedure
which follows after data interpretation. The correct answer was C,
Conclusion. Students who chose the correct answer had adequate knowledge
on the main steps of the scientific procedure. Students who chose either A,
Observation; B, Hypothesis or D, Experimentation did not understand that
those steps come before data interpretation, as such they, lacked adequate
knowledge on the steps to follow during scientific investigation.

In item (iv), the students were given information that “The teacher was
demonstrating an experiment by dissolving sodium chloride in water until
the solute was not dissolving anymore. What type of the solution formed at
the end of the experiment?” The correct answer was A, saturated. Students

3



who wrote the correct answer had adequate knowledge about the
classification of solutions based on the amount of solute dissolved in a
solvent at a given temperature and pressure. Students who opted for; B,
Unsaturated failed to understand that in unsaturated solution the solvent has
the capacity of dissolving more amount of solute at a particular temperature.
Those who chose C, Super saturated were not aware that if a solution holds
more solutes than saturated solution at a given temperature it is termed super
saturated. Similarly, those who opted for alternative D, Suspension lacked
the knowledge that, solution is a homogeneous mixture while suspension is
a heterogeneous mixture. Therefore, they failed to categorize mixtures into
solutions, suspensions and emulsions.

In item (v), the students were asked to identify the gas which is the major
component of air. The correct answer was A, Nitrogen. Students who got the
correct answer had adequate knowledge about the components of air and
their proportions. Those who opted for either B, Noble gases; C, Carbon
dioxide or D, Oxygen had the idea that air is a mixture but lacked sufficient
knowledge about the proportions of the constituents of air.

In item (vi), the students were given information that “John and Asha were
debating about the processes that are involved during simple distillation.
What processes will you recommend to them?” The correct answer was D,
Evaporation and condensation. Students who chose the correct answer were
aware that simple distillation involves two processes, heating the solution
until evaporation of the liquid components followed by condensation of the
vapour. Students who opted for either alternative A, Filtration and
decantation; B, Condensation and decantation; or C, Evaporation and
filtration lacked adequate knowledge of the respective methods of
separating mixtures.

In item (vii), the students were given the statement that “Form two students
discovered that it is impossible to light fire in vacuum due to the absence of
a certain gas. What comment can you give to the students?” The correct
answer was B, Oxygen is missing. Students who chose the correct answer
had adequate knowledge of the conditions necessary to light fire (fire
triangle). Students who chose either alternative A, Nitrogen is missing or D,
Hydrogen is missing had no sufficient knowledge that nitrogen and
hydrogen are combustible materials rather than gases which support burning
or combustion. Students who opted for alternative C, Carbon dioxide is
missing did not understand that carbon dioxide being denser than air, settles
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on burning material as occluding (retaining) blanket which prevents more
oxygen from lighting fire. Also, they did not comprehend that carbon
dioxide does not support combustion.

In item (viii) students were provided with the statement that “Atomic
structures of all elements consist of electrons, protons and neutrons except
that of-” The correct answer was A, Hydrogen. Students who gave the
correct answer had good understanding of the number of electrons, number
of protons and relationship between mass number of an atom, atomic
number and neutrons. Those who chose either B, Nitrogen; C, Oxygen or D,
Carbon lacked mathematical skills in calculating neutrons number by using
formula Neutrons number (n) = Mass number(A) — Atomic number (2).
They also had inadequate knowledge about the relationship between number
of protons and electrons in an atom.

In item (ix), the students were given statement that “When referring to the
modern Periodic Table, the transition elements are found between:” The
correct answer was C, group Il and I11. Students who opted for the correct
answer had adequate knowledge on the electronic structure of elements and
electronic configuration to locate the position of elements in the modern
Periodic Table. Students who chose either of alternatives; A, group | and
I1; B, group | and Il or D, group Ill and 1V lacked adequate knowledge
about the arrangement of elements in the Periodic Table based on atomic
number and electronic configuration.

In item (X), the students were required to identify the chemical formula of a
compound formed by combining element M with electronic configuration
2:8:3 and element G with electronic configuration of 2:6. The correct
answer was B, M,Gs. Students who chose the correct answer had enough
skills on how to use electronic configuration to determine the valence of
elements. Thus, the students were able to write the chemical formula of the
compound. Those who opted for A, GsM, exchanged the position of the two
elements erroneously. Students who opted C, G,M regarded element G
being a metal and element M being a non-metal instead of the vice-versa.
They also assumed wrong valencies. Those who chose D, M3G; exchanged
the valencies of the two elements.



2.1.2 Question 2: Matching Items

In this question students were required to match the mixtures in List A with
the corresponding methods of separation in List B by writing the letter of
the correct answer below the item number in the table provided.

List A List B

(i) Chlorophyll from leaves A Simple distillation
(ii) Sulphur and iron fillings B Magnetization
) ) C Chromatography
(ii1) Sand and ammonium chloride

D Solvent extraction
iv) P ter dd t :
(iv) Pure water from muddy water E  Evaporation
(v) Salt from the sea water E  Sublimation

G Filtration

The question was attempted by 634,429 (100%) students. The percentage of
students who scored from 0 to 1 mark was 33.43, from 2 to 3 marks was
44,73 and from 4 to 5 marks was 21.83. Generally, the performance of
students in this question was good as 66.57 per cent scored 2 marks or
above. Summary of the students’ performance in this question is shown in
Figure 2.

Scores
m00-10

2.0-3.0
m40-50

44.73%

Figure 2: Students’ Performance in Question 2
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Students who scored high marks (21.83%) correctly matched the mixtures
stated with their corresponding methods of separation. This indicates that,
they had sufficient knowledge on the nature of components in the mixtures
and their relevant methods of separation/extraction. Extract 2.1 shows a
sample of correct responses given by one of the students in question 2.

2. Match the mixtures in List A with the corresponding methods of separation in List B by writing
the letter of the correct answer below the item number in the table provided.

List A List B

(1) Chlorophyll from leaves A Simple distillation
(i) Sulphur and iron fillings B Magnetizatioﬁ
(iii) ~ Sand and ammonium chloride C Chromatography
(iv)  Pure water from muddy water D Solvent extraction
) Salt from the sea water E Evaporation,

F Sublimation

G Filtration

Answers
List A (i) (i) (iii) (iv) (v)

List B c 3 | ¥ A €

Extract 2.1: A sample of correct responses to question 2

In Extract 2.1, the student matched correctly each mixture in List A with its
suitable method of separation in List B. This means that the student had
sufficient knowledge about the properties of the components of the
mixtures.

Conversely, students who scored low marks (33.43%) failed to attempt most
of the items in this question. Most of them related the mixtures with
inappropriate methods of separation. Some opted for B, Magnetization, as a
method of separating chlorophyll from leaves in (i). Others incorrectly
identified A, Simple distillation as the suitable method for separating a
mixture of sulphur and iron fillings in (ii). The method of simple distillation
cannot be used to separate a mixture of solids rather a mixture of liquids.
Others incorrectly matched item (iii) Sand and ammonium chloride with
response G, Filtration which is not correct because the two components
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2.2

cannot pass through the filter. Likewise, some of the students mistakenly
identified F, Sublimation, as the suitable method of separating pure water
from muddy water in (iv) which is not practical. Also, there were students
who incorrectly suggested F, Sublimation as a method to separate salt from
sea water. Another misconception involved choosing responses A, B, C, D
and E for items (i), (i), (iii), (iv) and (v), respectively, which implies that
the students guessed for the answers. Failure of the students to match the
items appropriately is an indication that they had inadequate knowledge on
both the properties of mixtures and their corresponding methods of
separation. Extract 2.2 indicates a sample of incorrect responses from one of
the students.

2. Match the mixtures in List A with the corresponding methods of separation in List B by writing
the letter of the correct answer below the item number in the table provided.

List A List B |
(i) Chlorophyll from leaves A Simple distillation 1
(ii) Sulphur and iron ﬁliings B Magnetization |
(iii)  Sand and ammonium chloride C Chromatography ‘
(iv)  Purc water from muddy water D Solvent extraction !
(v) Salt from the sea water E Evaporation

G Filtration

|
F Sublimation 1
\
|

Answers
List A (i) (ii) (i) (iv) (v)

| ListB I3 S c R 0

Extract 2.2: A sample of incorrect responses to question 2

In Extract 2.1, the student incorrectly matched the mixtures in List A with
methods of separation from List B. This indicates lack of adequate
knowledge on the properties of mixtures and relevant methods of separation.

SECTION B: SHORT ANSWER QUESTIONS

This section consisted of seven (7) short answer questions, weighing ten
(10) marks each. Students were required to answer all questions. The pass
score for each question was 3 marks.



2.2.1 Question 3: Matter

The question consisted of three parts, namely; (a), (b) and (c). In part (a),
students were given the information that: A chemist heated a mixture of
ammonium chloride and sand in a test tube. After five minutes, only sand
remained in the test tube. Explain the observation made by the chemist. In
part (b), students were given information that “A gardener became sick and
decided to rush to hospital. After checkup, a doctor prescribed medicines
and instructed the gardener to shake the medicine well before use. What
does the instruction imply basing on the types of the mixture? Give reason to
support your answer ”. In part (c) students were required to differentiate
mixture from compound by giving five points.

The question was attempted by 634,429 (100%) students out of which 84.24
per cent scored from 0 to 2 marks, 11.97 per cent scored from 3 to 6 marks
and 3.79 per cent scored from 7 to 10 marks. The general performance in
this question was weak as only 15.76 per cent of the students scored 3 marks
or above. The distribution of students’ scores in this question is shown in
Figure 3.

100 -
90 - 84.24
80 -
70 -
60 -
50 -
40
30 -
20 -
10 -

0 il

Percentage of Students

11.97

00-25 30-6.5 7.0 -10.0
Scores

Figure 3: Students’ Performance in Question 3

Figure 3 shows that 84.24 per cent of the students had weak performance in
this question. Students who scored low marks listed some few terms instead
of giving explanations or reasons. For example, some of the students wrote
“evaporation” in part (a) instead of giving explanation about sublimation of
ammonium chloride. This portrays that, these students lacked knowledge
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about changes of state of matter. Basically, when the mixture was heated,
ammonium chloride changed state directly from solid to gas (sublimation)
and sand was left in the test tube as a residue. Likewise, in part (b), some
students wrote “homogenous mixture” while few others wrote “homogenous
solution”. These students failed to understand that the medicine consisted of
fine particles which settle to the bottom of container (suspension) thus, the
upper part of the medicine contained less amount of solute compared to
lower part of the medicine. In part (c), some students gave properties of
mixture and compound interchangeably. For example, some of them wrote
“compounds can be separated by physical means while mixture can be
separated by chemical means”. Others gave incorrect examples of mixtures
and compound. For instance, one student cited ash as a mixture and tea
solution as a compound. This implies that, the students lacked adequate
knowledge on mixtures, compounds and the properties of matter. A sample
of incorrect responses in question 3 is shown in Extract 3.1.

3. (a) A chemist heated a mixture of ammonium chloride and sand in a test tube. After 5 minutes,
ong:and remained in the test tube. Explain the observation that made by a chemist.

. D0cquse. .. ammenium. .. CL}lCncle S .fﬁhdm ..c|.rn!r.r;h4hm e

(b) A gardener became sick and decided to rush to hospital. After checkup, the doctor
prescribed medicines and instructed the gardener to shake the medicines well before use.
What does the instruction imply basing on the type of the mixture? Give reason to support
yU/_l]I answer.

..... Umcw“ﬂﬁ Cobination . 1a kﬂL ]QUGL‘-‘

(c) Differentiate mixture from compound by giving five points.

S/N Mixture Compound
(i

Mo TH 1 opogl, et ooome Tt goas ! b doe o
(ii) .

11 % i rdlen Ty fa rehren
(iii)

-.'.L m’\f‘Oir\ Q“Ql"ﬂﬁﬂl j:i‘ ECI’T‘QM\; Qi’ﬂﬂ
(iv)

Ij [ ?Lﬂr&rco shale 'jl . ?lw-rsrec« @Lomiﬁgﬂe
(v) .

T+ s ™Moc than Yo I& te oo phen 0

Extract 3.1: A sample of incorrect responses to question 3
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In Extract 3.1, the student wrote filtration instead of sublimation in part (a).
Also, in part (b) the student wrote “To move the combination in high level”
instead of explaining the syrup medicine as a suspension/heterogenous
mixture. Moreover, he/she wrote incorrect differences of mixtures and
compounds in part (c).

On the other hand, students who scored high marks (3.79%) in this question
demonstrated adequate knowledge that when ammonium chloride is heated
it changes state directly from solid to gas and the sand is left in the test tube
unchanged in part (a). Therefore, they were able to identify the correct
method of separation (sublimation). In part (b), the students pointed out that
the medicine prescribed was a suspension in nature. They gave a reason that
the medicine contained fine particles which settle to the bottom of the
container, hence the need to shake the medicine in order to mix well. Extract
3.2 shows a sample of correct responses from one of the students.

11



2.2.2

3. (a) A chemist heated a mixture of ammonium chloride and sand in a test tube. After 5 minutes,
only sand remained in the test tube. Explain the observation that made by a chemist.

.any.change. bud for avooniam, chblide it will uhimate means charging

from_ <old to gas :.T"fﬁ"'.’.“.ylﬁ.'.‘?.‘.?.F.'f‘.‘?."‘.".’.".i.f,.'f‘.‘?ﬂ.?.'?.5.‘7! ved o procesc @llef

(b) A gardener became sick and decided to rush to hospital. After checkup, the doctor
prescribed medicines and instructed the gardener to shake the medicines well before use.
What does the instruction imply basing on the type of the mixture? Give reason to support
your answer, ~ /~

(¢) Differentiate mixture from compound by giving five points.

S/N Mixture Compound

0 |fron e separatect tead | annol e sepayated by
mMethe dy P oy oY Ph\/i\b.‘ w‘rhx\_[x)

() g properties are Trhole od vrdividual| 1+ properfios are difere OF from
elomeny Thok of (naividudt elovediy

(i) |l wmay vary widely in PO | ¥s e position 13 Al»l-f(’d and do nof
tion vary

(iv)  [14g cemporent way be Seen Fs rrponent carwof be leen
feparately sepavafely

(M Nonew subsn@ 1t foywmed wirgn a | IMuowes ngw (wbsang W T frmatoy
K0 1L oy med o8 a Cormpound

Extract 3.2: A sample of correct responses to question 3

In Extract 3.2, the student wrote correctly the method of separating the
mixture in part (a). Likewise, in part (b), he/she explained the concept of
suspension and in part (c) the student differentiated mixture and compound,

correctly.
Question 4: Air, Combustion, Rusting and Fire Fighting

This question comprised of two parts, namely (a) and (b). Part (a) had three
subparts (i), (ii) and (iii). The students were required to support each of the
following statements: In part (a) (i) “Helium is used in filling balloons
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instead of hydrogen gas despite the fact that hydrogen is a lighter gas than
helium. In part (a) (ii) “When air bubbles pass through lime water, lime
water turns milky”. In part (a) (iii) “The iron and steel of bridges, ships and
pipelines are protected from rusting by joining to a reactive metal such as
magnesium”. In part (b) students were required to briefly explain two
processes which add carbon dioxide to the air.

The question was attempted by 634,429 (100%) students of which 93.46 per
cent scored from 0 to 2 marks, 5.70 per cent scored from 3 to 6 marks and
0.84 per cent scored from 7 to 10 marks. Generally, the performance in this
question was weak because only 6.54 per cent of the students scored 3
marks or above. The distribution of students’ performance is summarized in
Figure 4.

Scores
m00-25

3.0-6.5
m7.0-10.0
0.84

Figure 4: Students’ Performance in Question 4

Students who scored low marks (93.46%) failed to attempt most parts of the
question. For example, in part (a) (i), some of the students wrote the answer
“helium is inert gas” compared to hydrogen. Those students had no adequate
knowledge about the physical properties of both hydrogen and helium.
Likewise in part (a) (ii) some of the students incorrectly admitted presence
of nitrogen and hydrogen. Those candidates were not aware that lime water
cannot turn milky in presence of nitrogen or hydrogen gas. Furthermore,
some of the students provided incorrect reasons in part (a) (iii). For instance,
one student wrote “magnesium does not react with air and water”. Another
student interpreted the use of magnesium as the application of galvanization
instead of sacrificial protection. Those students were not conversant that
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highly reactive metals such as magnesium protect iron by first reacting with
water and oxygen, hence, no rust formation. In part (b), some students
mentioned incorrect processes such as evaporation, acidic rain and
afforestation which do not add carbon dioxide in air. The students did not
understand that burning of fuels such as kerosene or other combustible
materials cause production of carbon dioxide. Also, the students were
supposed to be aware that through breathing in animals, carbon dioxide is
added into air. Extract 4.1 shows a sample of incorrect responses from one
of the students.

4. (a) Give reasons to support each of the following statements.

(i) Helium is used in filling balloons instead of hydrogen gas despite the fact that

(i1) hen air bubbles pass through lime -water, lime water tyrns milky.
Petaus._air. bulblse. Consit oF " 1ShE. te)ous So dont

when Pt dhrough Wme- wakor, lime naker b

(iii) The iron and steel of bridges, ships and pipelines are protected from rusting by

joining to a reactive metal such as ma es@?

(b)  Briefly explain two processes which add carbon dioxide to the air.

Extract 4.1: A sample of incorrect responses to question 4

In Extract 4.1, the student referred to group VIII elements instead of
hydrogen gas being highly flammable or explosive in part (a) (i). In part (a)
(i) he/she termed air bubbles being whitish instead of citing formation of
calcium carbonate due to presence of carbon dioxide. Similarly, the student
gave incorrect answer in part (a)(iii) whereas in part (b) he/she gave
methods of mixture separation instead of processes which add carbon
dioxide to the air.

On the other hand, students who scored high marks (0.84%) managed to
write correct answers in most items in part (a). This shows that, the students
had adequate knowledge about the physical properties of hydrogen,
chemical test of carbon dioxide and methods of preventing rusting. In part

14



2.2.3

(b), the students explained correct processes which add carbon dioxide to
the air. This implies that the students had adequate knowledge on the
sources of carbon dioxide. Extract 4.2 shows a sample of correct responses
from one of the students.

4. (a) Give reasons to support each of the following statements.

(i) Helium is used in filling balloons instead of hydrogen gas despite the fact that
hydrogen is a lighter gas than helium.
..)chf.ro.gen...i;s..bgg.b.lg...JF(amma.bl.e.- ...............................................
(i1) When air bubbles pass through lime -water, lime water tyrns milky.
Becauce..air. bubbles. contaln. caroon dioxide gas. ................

(iii) The iron and steel of bridges, ships and piApelines are protected from rusting by
joining to a reactive metal such as nLa nesium.
d i

Magneum..dogs._nof.rust_but_ i Sacrigicially coroded:. ...

(b)  Briefly explain two processes which add carbon dioxide to the air.

fit)Resinery o ueks: Through. resinely. o uels...carbon. dioxide, vapou
.and. volatile. omatter.mag..be. produced:.. ..o

Extract 4.2: A sample of correct responses to question 4

In Extract 4.2, the student attempted part (a) by writing correctly the
physical property of hydrogen gas which hinders its uses in filling balloons.
Furthermore, he/she mentioned carbon dioxide which causes lime water to
turn milky and pointed out sacrificial protection as the role of magnesium in
preventing rusting of iron/steel. In part (b), the student stated correct
processes which add carbon dioxide to the air.

Question 5: Formula, Bonding and Nomenclature

The question comprised two parts, namely (a) and (b). In part (a) students
were required to differentiate empirical formula from molecular formula. In
part (b) students were given information that “A form two student found a
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bottle of chemical in the laboratory with a percentage composition by mass;
Na = 24.4%, C = 3.12 %, O = 25.49% and H,0 = 46.92%. Determine the
empirical formula of the compound”.

The question was attempted by 634,429 (100%) students out of which 64.25
per cent scored from 0 to 2 marks, 30.53 per cent scored from 3 to 6 marks
and 5.22 per cent scored from 7 to 10 marks. The general performance of the
students in this question was average since 35.75 per cent of the students
who attempted this question scored 3 marks or above. The distribution of
students’ scores in this question is summarized in Figure 5.
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Figure 5: Students’ Performance in Question 5

Students who scored high marks (5.22%) in this question, correctly
differentiated empirical formula from molecular formula in part (a). They
also followed the necessary steps together with good mathematical
manipulation in calculating empirical formula of the compound in part (b).
Extract 5.1 shows a sample of correct responses from one of the students.

5. (a) Differentiate empirical formula from molecular formula.

Empmcad.. fomula... (. 4k E’me o)A whi . yegpreients. Hne ..

Simplest. xahia.. o). adomu..in...0.. compound. .. INHILE, Molecular. ...
LYl HAR L er AL Whith. . ReRYRIeNtT. . Hhe. .. exack/acal
Q0] PYOPOYHON.. OF . k.. of .. an. eemnt.....in....4..compound.:..
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(b) A Form Two student found a bottle of chemical in the laboratory with the following
percentage composition by mass; Na = 24.47%, C = 3.12%, O = 25.49% and H.O =
46.92%. Determine the empirical formula of the compound.

Selohoh
2MM H,0= H +0
o Fa = (1A +16
=13
Elernent [cempand Na. C 0 H,0
Porcontade compouhOn | 24-43y. | 2-12%. | 26-497 .| 4..921.
Rolahve. atomc  mads 23 12 16 18
&[SE!D‘_CIE}Q OmMposihon 2447 3-i2 25-40Q He-A2
Relakve "alymc maid 23 E G T
=1-06 -0-26 |=1-59 =260
bivide by pwe smahes| 1-06 0-26 | 1-59 2:C
026 026 0.2% 0-26
_ el - Z10
=4
Empmtadd fovmula ZNa.(0,-10H,0

Extract 5.1: A sample of correct answers in question 5

In Extract 5.1, the student distinguished empirical formula from molecular
formula correctly. Also, he/she calculated the empirical formula of the
compound correctly.

Conversely, students who scored low marks (64.25%) failed to distinguish
empirical formula from molecular formula. Some of them used meaning of
the two concepts interchangeably. For example, one student who swapped
the meanings of the two concepts wrote that “empirical formula shows the
actual number of atoms, while molecular formula shows the ratio of atoms
present”. Some students had a misconception that molecular formula show
number of molecules in a compound such as water. Similarly, few students
associated empirical formula with actual number of atoms in a substance.
Also, some students used the term “ions” instead of “atoms” while trying to
give differences. In part (b), the students failed to calculate the empirical
formula due to lack of adequate knowledge on the concept and computation
skills. Similarly, there were students who added the percentage composition
of sodium, carbon, oxygen and water, thus, getting 100, the procedure which
was not appropriate. Also, some students subtracted the percentage of
oxygen (25.49%) from the percentage of water (46.92%), a step which was
wrong. Most students skipped part (b). However, few ended up writing data
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without further attempt to calculate the empirical formula. Extract 5.2 shows
a sample of incorrect responses from one of the students.

(a) Differentiate empirical formula from molecular formula.

(b) A Form Two student found a bottle of chemical in the laboratory with the following
percentage composition by mass; Na = 24.47%, C = 3.12%, O = 25.49% and H,O =
46.92%. Determine the empirical formula of the compound. 8 -

(QL&Q@« \\/mov L Cﬁfﬁx 6 3 (8 (Qsﬁﬂx ®, )

loted 100
Ckﬁ(fﬂ X 1O
o,
(e
WU L 1Ry 26227 + LeR0
T
™ Q61 ook
. - .
| WY tooceGetol
: + 0387 ap B - Qoooo
469170 . G100
18312 - 6ooe c .
Nere; " . G61.co04
| — D0 '
f {oelele)

_,_H_,_e"aa@‘? Q61 FEP
toesd (e Yoo

i : . :q6|r|

The Empincal %fmuh is Qe

Extract 5.2: A sample of incorrect responses to question 5

In Extract 5.2, the student incorrectly considered empirical and molecular
formulae as changes in part (a) while in part (b) he/she calculated product of
percentage composition and atomic number for each element per 100. Then,
the student added the values obtained to get 96101. Furthermore, the student
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carried a wrong procedure as he/she was first supposed to calculate mole
ratio from the given percentage composition and relative atomic masses.
Thus, he/she ended up getting 961.1 instead of the correct empirical formula
of the compound.

Question 6: Air, Combustion, Rusting and Fire Fighting

The question comprised two parts, namely (a) and (b). In part (a), students
were required to briefly explain each of the following phenomena: (i) A ship
in sea water rust very fast compared to the ship in fresh water. (ii) Rusting
will not occur when anhydrous copper(ll) sulphate is placed on the top of
dry cotton wool in the test tube containing nail and left for four days. (iii)
Carbon dioxide is used as fire extinguisher. In part (b) the students were
instructed that “4 Form Two student dipped a clean iron road into cold
distilled water in a test tube and left it for 2 days. (i) State what will happen
to the iron rod after two days. (ii) Explain the observation if the iron rod is
replaced by a painted nail in the same test tube and left there for two days.
(ii1) Explain the observation if cold distilled water will be replaced by a
mixture of hot water and oil.

The question was attempted by 634,429 (100%) students, out of which
79.20 per cent scored from 0 to 2 marks, 15.67 per cent scored from 3 to 6
marks, while 5.13 per cent scored from 7 to 10 marks. The general
performance of students in this question was weak in because only 20.8 per
cent of the students scored 3 marks or above. The students’ performance in
this question is summarized in Figure 6.

5.13%

15.67% Scores

m0.0-25
3.0-6.5
m7.0-10.0

Figure 6: Students’ Performance in Question 6
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Students who scored low marks (79.20%) failed to attempt most parts of the
question. For instance, in part (a) (i), some of them compared the density of
sea water with that of fresh water, a concept which is not relevant in the
rusting process. Others had a misconception that both salt and rust react with
iron or steel. The students were supposed to know that the presence of salts
(NaCl, MgCl,) in sea water catalyze the rusting process thereby enabling
iron to easily loose electrons. Other students in part (a) (ii) wrote that the
nail will rust instead of giving a reason that anhydrous copper(ll) sulphate
acts as a drying agent that prevents water from contact with nails. In item (a)
(iii) the students gave incorrect reasons as well. For instance, one student
wrote that carbon dioxide is used as a fire extinguisher because it react with
oxygen. The students had no adequate knowledge that carbon dioxide does
not support combustion. In item (b) (i), some of the students responded that
there will be no rust formation, instead of accepting that rust will be formed.
In part (b) (ii), the students could not predict that a painted nail do not rust
because painting prevents rusting. Likewise, in part (b) (iii), some of the
students wrote that rusting will take place, which implies that they did not
understand that hot water dissolves oxygen, thus, no rust formation.
Generally, students in this category lacked adequate knowledge about
conditions necessary for rusting. Extract 6.1 shows a sample of incorrect
responses from one of the students.

6. (a) Briefly explain cach of the following phenomena.

(i) A ship in sea water Just very fast compared to a ship i fre%yater.
Eemm ..... Ve L. (2 f1e .. . L0L. ML

lory. frk 14 77 o Lo OCL.L0OL. 701! 1
ff’bJ bor K roves! 1 seo tater- /

20



(b)

(i)

(iii)

Rusting will not occur when anhydrous copper(11) sulphate is placed on top of a dry

Carbon dioxide is used as fire extinguisher.

er. beare.. e fre.. axbungalher.. 8.
.//Il‘i...%/f.ﬁaw.@ém,...../.4./42.-.-ex ....... d,....omof.
AU WrbandCxirt. Lot ...

A Form Two student dipped a clean iron rod into a cold distilled water in a test tube and left
it for 2 days.

®

(i)

(iii)

State what will happen to the jron rod after 2 days.

TR N0 MO LM 0L Fate.. ./%../dfﬂié/%’./)c ,
Q.. Letonte... dita .. L08 Lul ok 4. o0 tal ot
W olewater. 2. aull. ol atback. 2oy sodrrals.

Explain the observation if the iron rod is replaced by a painted nail in the same test

tube and left therg for 2 days.

/ e/xm.zaa.ﬁﬂa’.ﬁ'fm@a/ﬁmz..‘.Zzgé’%/éc/../f?...f.?mz.’..
whe. Lo c@..?.m//ﬁ&é%ﬂ.Mﬁ,é&m..z%‘?
féfaﬁj..ﬂ/fe..,... ...... abbact: L. DV rrcn Ao rae o

Explain the observation if cold distilled water will be replaced by a mixture of hot
water and oil.

Y Hhe. ot it s 4t ho spotacad! b maic
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Extract 6.1: A sample of incorrect responses to question 6

In Extract 6.1, the student wrote incorrect responses in parts (a) and (b).
He/she failed to identify contents present in sea water and its effect in
rusting in part (a) (i). Additionally, in part (b), the student wrote incorrect
explanations about rusting.

On the contrary, students who scored high marks (5.13%) had adequate
knowledge on conditions necessary for rusting to occur. In part (a), they
responded to items (i), (ii) and (iii) with the aid of correct reasons. In part
(b) (i), they predicted formation of rust on the iron rod. In item (b) (ii) they
explained the technique of preventing rusting through painting, while in

item (b)(iii) they correctly explained that rusting would not occur in hot
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water which dissolves oxygen. Extract 6.2 shows a sample of correct
responses from one of the students.

6. (a) Briefly explain each of the following phenomena.

(i) A ship in sea water rust very fast com]Eareld to a ship in fresh water
bue.to. the..presencé. o4 alf.in.xea. wafer . which. catalyees. .
TUSTING. . RIOCASE oo

(i1) Rusting will not occur when anhydrous copper(11) sulphate is placed on top of a dry
cotton wool in the test tube containing nails fnd left for 4 days.

Because...anhudrous.. copper (i) culphate. 10,0, moicture... ...
ABCOBOT: oo

(i) Carbon dioxide is used as fire extinguisher.
Boause i do. nof upport BUmning.

(b) A Form Two student dipped a clean iron rod into a cold distilled water in a test tube and left

it for 2 days.
(1) State what will happen to the iron rod after 2 days.
JE LS

(ii) Explain the observation if the iron rod is replaced by a painted nail in the same test
tulie and left there for 2 days.
A0 WLA0T TS

(iii)  Explain the observation if cold distilled water will be replaced by a mixture of hot

water and oil. , )
.T;Q dron.. and.pacl . will oot ruct. bue. to. the. ahcence oL
.di&&o{uad..oxgg.en.- ......................................................................

Extract 6.2: A sample of correct responses to question 6

In Extract 6.2, the student correctly wrote the factors affecting rusting in
part (a) (i). In part (a) (ii); part (b) (i), (i) and (iii) he/she gave correct
explanations based on the necessary conditions for rusting to occur.
Moreover, in part (a) (iii) the student gave correct physical properties of
carbon dioxide which enable it to act as a fire extinguisher.
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2.2.5 Question 7: Hydrogen

In this question, students were given information that “The laboratory
technician planned to conduct an experiment for the preparation of gas Y.
The following set of apparatuses was used: Flat-bottomed flask, thistle
funnel, delivery tube, beehive and gas jar. Also, pieces of zinc metal and
dilute hydrochloric acid were used. (a) Identify gas Y (b) What apparatus is
missing in the set provided? (c) Draw a well labeled diagram for the
preparation of gas Y in the laboratory (d) Write a word equation for the
laboratory preparation of gas Y.

This question was attempted by 634,429 (100%) students. Statistics show
that 45.14 per cent of the students scored from 0 to 2 marks, 38.86 per cent
scored from 3 to 6 marks and 16.00 per cent scored from 7 to 10 marks.
Generally, students’ performance in this question was average as 54.86 per
cent of the students scored 3 marks or above. The students’ performance in
this question is summarized in Figure 7.
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Figure 7: Students’ Performance in Question 7

Students who scored high marks (16.00%) correctly identified gas Y as
hydrogen. They also gave appropriate apparatuses which were missing from
the set provided. Those apparatuses included retort stand, filter funnel, cork
water trough, spatula and beaker. Additionally, the students demonstrated
fairly good drawing skills in part (c) and gave the correct word equation in
part (d). This indicates that the students had adequate knowledge on the
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laboratory preparation of hydrogen gas. A sample of correct responses is
provided in Extract 7.1.

7. The laboratory technician planned to conduct an experiment for the preparation of gas Y. The
following set of apparatuses was used: Flat-bottomed flask, thistle funnel, delivery tube, beehive
shelf and gas jars. Also pieces of zinc metal and dilute hydrochloric acid were used.

(a) Identify gas Y.

HUAI0RA RS ..o

(b)  What apparatus is missing in the set provided?

Holed cork...and. trough. op. mwatel ..o

(¢c) Draw awell Iabelede'a ram for the preparation of gas Y in the laboratory.
A WELL CRRETLED NAGHAM 1R PREPARATION OF GACY:
Bilute htlj((iirochlcn'c -
@ v Thverted
-— Gag Jar
Thigtle 4u Jbehuery tube
| s
Z( Holed cork L
Round boﬁom&ﬂ:_ s )
P . flagk -
/ \ Water
Bilife, . fow v W RSTID oy
@drochlorT- ' B ® w g & Irough— . - - -
acid \\ o — = = ; g
B |
Linc granule Bechwe chely

(d)  Write the word equation for the laboratory preparation of gas Y.

Nilate. hudrochloric. acid 4 Zine > Hudrogen. gas. Jinc. chloride. ..

Extract 7.1: A sample of correct responses to question 7

In Extract 7.1, the student correctly identified gas Y in part (a). Also, he/she
listed apparatuses which were missing in the set provided in part (b).
Furthermore, he/she drew a well labeled diagram for the laboratory
preparation of gas Y (hydrogen). Finally, the student wrote a word equation
for the laboratory preparation of gas Y.

On the other hand, students who scored low marks (45.14%) failed to
attempt correctly most parts of the question. In part (a), most of the students
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wrote oxygen gas instead of hydrogen gas. Also, some of the students
responded by writing nitrogen gas. In part (b), several incorrect apparatuses
were mentioned including pipette, burette, wash bottle, retort stand and
tongs. In part (c) some students drew diagrams showing simple distillation
process instead of the preparation of hydrogen gas. However, most of the
students skipped the diagram part. In part (d), some students indicated
incorrect reactants in the equations while others showed incorrect products.
There were students who wrote word equation for the laboratory preparation
of oxygen gas instead of hydrogen gas. For instance, one student responded
by writing “Zinc metal 4+ water —— oxygen” implying that he/she was
referring to the preparation of oxygen gas. However, wrong reactants were
used. Generally, these students had inadequate knowledge on the
preparation of hydrogen gas in the laboratory. Extract 7.2 is a sample of
incorrect responses.
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7. The laboratory technician planned to conduct an experiment for the preparation of gas Y. The
following set of apparatuses was used: Flat-bottomed flask, thistle funnel, delivery tube, beehive
shelf and gas jars. Also pieces of zinc metal and dilute hydrochloric acid were used.

(a) Identify gas Y.

....’J..['Ae [an:hoa 0. evely. ewym./ahm numLﬂ J!'Mi‘j zlo QAL..iinen.

(b)  What apparatus is missing in the set provided?
b e .ymml xaoa..ox., éwumj 0r.. eyzxmm/....m e
la.boml"’g .............................................................................................

{c) Draw a well labeled diagram for the preparation of gas Y in the laboratory.

Pk
Hae-

Filde

mquanu;'um .

(d)  Write the word equation for the laboratory preparation of gas Y.

Extract 7.2: A sample of incorrect responses to question 7

In Extract 7.2, the student wrote incorrect responses in all parts of the
question. In parts (a) and (b), he/she wrote incorrect sentences instead of
giving name of gas Y and missing apparatus. In part (c), the student drew
incorrect diagram, while in part (d) he/she mentioned elements instead of
writing word equation showing the preparation of gas Y in the laboratory.
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2.2.6 Question 8: Fuels and Energy

In this question students were required to explain the classification of fuels
{based on efficiency} by using the following concepts: (a) Pyrometric effect
of burning (b) Heat value (c) Ignition point (d) Velocity of burning (e)
Affordability.

This question was attempted by 634,429 (100%) out of which 91.13 per cent
scored from O to 2 marks, 6.13 per cent scored from 3 to 6 marks and 2.74
per cent scored from 7 to 10 marks. Students who scored 3 marks or above
were 8.87 per cent, indicating an overall weak performance. The
performance of students in this question is summarized in Figure 8.
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Figure 8: Students’ Performance in Question 8

Students who scored low marks (91.13%) failed to attempts some or all the
parts of the question. For instance, in part (a), some of students explained
pyrometric effect of burning as the burning of materials in presence of air.
Others associated the concept of pyrometric effect of burning with harmful
effect on the environment as a result of burning fuels. In part (b) there were
students who considered heat value as the price or cost of the fuels. Part (c)
“Ignition point” was skipped by many students. However, those few who
attempted gave incorrect responses. For instance, one student responded that
“Ignition point is the place where fuels are kept in the laboratory”. Others
explained ignition point as the place where fuels are burnt. In part (d), some
students regarded velocity of burning as the point at which substance burn
completely, while others explained that velocity of burning is the speed of
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heat. Generally, students lacked sufficient knowledge about the concept of
fuel and the criteria used to classify fuels based on their efficiency. Extract
8.1 shows an example of incorrect responses from one of the students in
question 8.

8. Suppose that you have been appointed by the Chemistry teacher to prepare a morning speech titled
“Classification of fuels based on their efficiency.” Elaborate how you would prepare your
presentation basing on the following concepts:

(a) Pyrometric egfct of burning

O A o ooy ArtihrT) Bl

(b)

(c) Ignition Point

............ Nérﬁfﬁr(f[m?kﬂ

(d)  Velocity of burning

............ ch;\ﬁ\"hﬁffc&(%pﬁ

(e) Affordabili
_____________ Reshurad . Fbeb

Extract 8.1: A sample of incorrect responses to question 8

In Extract 8.1, the student responded by writing either artificial or natural
fuel to each of the concepts (a — e). This implies that the student did not
understand the concepts.

On the other hand, students who scored high marks (2.74%) in this question
classified fuels based on efficiency by using the concepts given. This means
that they had adequate skills about both the quality of good fuels and their
classification based on efficiency. Extract 8.2 is a sample of correct
responses from one of the students in question 8.
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2.2.7

8. Suppose that you have been appointed by the Chemistry teacher to prepare a morning speech titled
“Classification of fuels based on their efficiency.” Elaborate how you would prepare your
presentation basing on the following concepts:

(a)

(b)

(c)

(d)

(e)

Pyrometric effect of burning
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Extract 8.2: A sample of correct responses to question 8

In extract 8.2, the student correctly explained each aspect of fuel and
thereafter categorized fuels based on their efficiency, clearly.

Question 9: Atomic Structure

This question consisted two parts, namely (a) and (b). Part (a) had three sub-
parts (i), (ii) and (iii). In part (a) (i), students were required to use Dalton’s
atomic theory to explain the fact that calcium sulphate from Tanzania and
that found in Kenya has the same percentage by mass of calcium, sulphur

29



and oxygen. In item (a) (ii), they were required to explain the reason why
isotopes of the same elements have similar chemical properties. In (a) (iii),
students were required to give reasons to support or oppose the statement
that “matter is made up of tiny indivisible particles called atoms”. In part
(b), students were given statement that, An isotope of strontium (Sr) has
mass number 87 and atomic number 38. They were then required to answer
the following questions: (i) Write its nuclide notation (ii) How many
neutrons does it have? (iii) How many protons does it have? (iv) How
many electrons does it have?

The question was attempted by 634,429 (100%) students out of which 53.66
per cent scored a zero mark. Students who scored from 0 to 2 marks were
75.14 per cent, from 3 to 6 marks were 20.75 per cent and those who scored
from 7 to 10 marks were 4.11 per cent. These data show that the general
performance in this question was weak as only 24.86 per cent of all students
scored 3 marks or above. The students’ performance in this question is
summarized in Figure 9.
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Figure 9: Students’ Performance in Question 9

Students who scored low marks (75.14%) failed to attempt most parts of the
question. Some of them gave incorrect reasons and explanations in part (a).
For example, in item (a) (i) one student wrote “the percentage by mass is the
same because Kenya and Tanzania have similar rocks”. Another student
responded “the calcium sulphate is the same because Tanzania and Kenya
are neighbours”. Such reasons have no scientific support. In part (a) (ii),
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some of the students wrote that isotopes have the same number of neutrons
instead of proton number. Others indicated isotopes to having different
number of electrons which is not correct. Moreover, in part (a) (iii), most of
the students failed to argue against the statement given. For example, one
student wrote “the statement is true because atom is the smallest particle of
matter”. Other students responded to this part by writing that other
substances are made up of molecules. Some went far by citing examples of
molecules such as water, carbon dioxide and oxygen. The students were
supposed to explain that atoms are divisible rather than indivisible since
they consist of sub-atomic particles which are electrons, protons and
neutrons. The incorrect responses show that the students lacked adequate
knowledge of the modern concept of Dalton’satomic structure. In part (b),
the students failed to write nuclide notation and calculate number of
subatomic particles from the given mass number and atomic number. For
instance, one student wrote the nuclide notation as 87 Sr 38 instead of
writing 87, and 38 as superscript, and subscript, respectively. In calculating
the subatomic particles, some students considered the number of neutrons
being 87 instead of 49. Those students failed to subtract atomic number 38
from the mass number 87. Similarly, some students indicated protons to be
49 instead of 38. The students did not understand that proton number is the
same as the atomic number. In item (b) (iv) some students wrote either 87 or
49 as the number of electrons, instead of 38. Generally, the students lacked
adequate knowledge on the relationship between number of protons,
electrons and neutrons of a particular element. Extract 9.1 shows a sample of
incorrect responses to this question.
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(a)

(b)

(i) Using Dalton atomic theory, explain the fact that calcium sulphate from Tanzania

and that found in Kenya has the same percentage by mass of calcium, sulphur and
oxygen.

(i)  Why isotopes of the same element have similar chemical properties?
........ Indolell .. 26 el €0

(iii)  Matter is made up of tiny indivisible particle called atoms. With reason, support or
oppose this statement.

An isotope of strontium (Sr) has mass number 87 and atomic number 38.
(i) Write its nuclide notation.

Elerent. 1o made. g, g medl sodwesble padides. ol

(i1) How many neutrons does it have?

...... o b dasge

(iii)  How many protons does it have?

....{.’.y”.5’!0,!.....??gﬁf.‘.‘fﬁ‘:’.ﬂ....;za‘l.i}.‘.‘!.‘f ....................................................

.

(iv)  How many electrons does it have?

Extract 9.1: A sample of incorrect responses to question 9

In Extract 9.1, the student failed to state the reason isotopes have similar
chemical properties in part (a) (ii), and to write a nuclide notation in part (b)
(i). Furthermore, the student failed to calculate number of neutrons, protons
and electrons from the given mass number and atomic number in part (b) (ii)
(iii) and (iv).

On the other hand, students who scored high marks (4.11%) gave correct
explanation and reasons with respect to modern Dalton’s atomic theory in
part (a). In part (b) they wrote correctly the nuclide notation of strontium
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atom and gave correct number of the sub-atomic particles. A sample of
correct responses from one of the students in this question is shown in

Extract 9.2.
9. (@ ()
(ii)
(iii)
(b)

Using Dalton atomic theory, explain the fact that calcium sulphate from Tanzania
and that found in Kenya has the same percentage by mass of calcium, sulphur and
oxygen.

.. Dalton.atemc. theery explomni thel atamsor....

the come. elements.. hove the . seme. mass. and......
CMumben.: colemm.sulphate i the some. gu.00leiun....
...S.H.*Q??.k}."r..gmd.ﬂ.wﬂ.n.- ..............................................................

An isotope of strontium (Sr) has mass number 87 and atomic number 38.

()

(i)

(iii)

(iv)

Write its nuclide notation.

.‘ .................. 8 1 .............................................................................

O OO OO USROS PTOOSORRPRNY

How many neutrons does it have?
49 n eulrwo Ny

Extract 9.2: A sample of correct responses to question 9

In Extract 9.2, the student correctly gave a reason for percentage
composition by mass of each element in calcium sulphate in part (a) (i).
He/she also gave correct explanations in both items (a) (ii) and (a) (iii).
Similarly, in part (b), the student correctly wrote nuclide notation for
strontium and indicated the number of each sub-atomic particle.
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2.3

231

SECTION C: ESSAY/STRUCTURED QUESTION

This section consisted of one (1) structured question, weighing fifteen (15)
marks. This question was compulsory.

Question 10: Formula Bonding and Nomenclature

The question consisted of three parts: (a), (b) and (c). In part (a), the
students were required to construct diagram showing the arrangement of the
outer electrons in each of the following molecules: (i) Chlorine (ii)
Ammonia and (iii) Carbon dioxide. In part (b), students were required to
indicate the type of bond which exists in each molecule stated in part (a). In
part (c), they were required to identify four properties of the molecules
given in part ().

A total of 634,429 (100%) students attempted this question. Students who
scored from 0 to 5.5 marks were 94.13 per cent, from 6 to 10 marks were
5.00 per cent and from 10.5 to 15 marks were 0.87 per cent. The general
performance of students was weak as only 5.87 per cent of the students
scored 6 marks or above. The summary of performance of the students is
shown in Figure 10.

5.00%_, 0-87%

Scores
m00-55
6.0-10.0
m10.5-15.0

Figure 10: Students’ Performance in Question 10

On the contrary, students who scored low marks (94.13) failed to construct
diagrams of electronic structure of the molecules in part (a). Most of them
drew diagrams of atoms instead of molecules especially for chlorine, carbon
and nitrogen. Also, some students gave electronic configuration of chlorine
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instead of electronic structures of chlorine molecule. In constructing the
diagram of ammonia, many students failed to indicate the actual number of
electrons around the bonded nitrogen atom. For instance, some students
indicated five instead of eight electrons. In part (b), some of the students
wrote ionic bond instead of covalent bond. Similarly, few students
responded incorrectly by writing dative bond while others skipped the
question. In part (c), some of the students responded by writing properties of
group | elements. For example, one student wrote properties of metals such
as high melting and boiling points. Some other students wrote properties of
ionic compounds instead of those pertaining to covalent compounds. For
instance, one student wrote “They are charged molecules”. Another student
responded “They conduct electricity as well as heat”. However, most
students confused properties of covalent with ionic compounds. The
students were supposed to apply the concept of chemical bonding in order to
identify properties of the molecules. Extract 10.1 shows a sample of
incorrect responses from one of the students.
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10. (a) Construct a diagram to show the arrangement of the outer electrons in each of the following
molecules:

(i) Chlorine

2847

(iii)  Carbon dioxide

(b What type of bond exists in the molecules in part (a)?

(c) Identify four properties of the molecules in part (a).

0] tron - ’BUV"A

Extract 10.1: A sample of incorrect responses to question 10
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In Extract 10.1, the student constructed diagram of chlorine atom and
diagrams for two unknown elements instead of molecules of chlorine,
ammonia and carbon dioxide in part (a). He/she wrote electrovalent bond
instead of covalent bond in part (b), while in part (c), he/she wrote incorrect
bonds instead of properties of covalent compounds.

On the contrary, students who scored high marks (0.87%) constructed
correct diagrams showing the electrons in the molecules of chlorine,
ammonia and carbon dioxide in part (a). Likewise, in part (b), the students
gave correct type of bond (covalent) associated with the three molecules. In
part (c), the students responded correctly by giving four properties of the
molecules (covalent compounds) given in part (a) as well. The correct
responses given indicate that the students had adequate skills of combining
atoms (bonding) and writing electronic configuration. Extract 10.2 shows a
sample of correct responses to question 10 from one of the students.

10. (a) Construct a diagram to show the arrangement of the outer electrons in each of the following
molecules: :

(1) Chlorine
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(b)

{c)

(i)  Ammonia
(iii)  Carbon dioxide NH,

()

(iii)

(iv)

The.oolocalos oxisl in._a..gpseorcctate ........
examaplo. Carboneioxide. ...

The. meletules hasve.. kg low. baling. RO,
0ClHNG POINKE:
The.._onelecules...axg.... hod.conduckors. op. heat. ...
&I’d .. QJQd’ﬂt‘ll"B Eeernenieeensieninanos T et
The...molecutos.. dicgolve..in... #axganic... cubstances....
G, QS NOAANC oo,

Extract 10.2: A sample of correct responses to question 10

In Extract 10.2, the student drew correct structures in part (a), identified the
type of bond in part (b), and gave appropriate properties of covalent
compounds in part (c).
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3.0

4.0
4.1

ANALYSIS OF STUDENTS’ PERFORMANCE IN EACH TOPIC

In the 2022 Form Two National Assessment, a total of 10 topics were
assessed. Those topics were Introduction to Chemistry; Heat Sources and
Flames; Matter; Air, Combustion, Rusting and Fire Fighting; Oxygen;
Hydrogen; Fuels and Energy; Atomic Structure; Periodic Classification and
Formula, Bonding and Nomenclature.

The analysis shows that, question 1 which was comprised of 10 multiple
choice items from different topics had good performance of 80.70 per cent.
The question was set from the following topics: Introduction to Chemistry;
Oxygen; The scientific Procedures; Matter; Air Combustion, Rusting and
Fire Fighting; Heat Sources and Flames; Atomic Structure; Periodic
Classification and Formula, Bonding and Nomenclature. Question 2 which
consisted of 5 matching items from the topic of Matter had good
performance of 66.57 per cent.

There were 2 topics in which the students attained average performance.
Those topics were Hydrogen (54.86%) and Matter (41.17%). The average
performance of students in those topics implies that students had relatively
good understanding of the concepts tested from from those topics.

Conversely, students’ performance was weak in four topics. Those topics
were Fuels and Energy (8.87%), Air, Combustion, Rusting and Fire
Fighting (13.67%), Formulae, Bonding and Nomenclature (20.81%) and
Atomic structure (24.86%). The weak performance of students was caused
by a number of factors including inadequate knowledge of the subject
matter, failure to explain scientific facts, failure to interpret scientific results
and lack of basic numerical skills in chemistry. A summary of the
performance of students in different topics is presented in the Appendix.

CONCLUSION AND RECOMMENDATIONS
Conclusion

Generally, the performance of students who sat for Chemistry paper in Form
Two National Assessment 2022 was average. The percentage of students
who passed the assessment was 33.45. The performance of students in 2022
has decreased by 8.92 per cent compared to the performance in 2021. The
analysis of students’ performance in terms of topics showed that students
achieved average performance in Hydrogen (54.86%) and Matter (41.17%).
The performance of students was weak in Fuels and Energy (8.87%), Air,
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4.2

Combustion, Rusting and Fire Fighting (13.67%), Formulae, Bonding and
Nomenclature (20.81%) and Atomic structure (24.86%).

The weak performance of students in the topics Fuels and Energy; Air,
Combustion, Rusting and Fire Fighting; Formulae, Bonding and
Nomenclature; and Atomic structure was attributed to lack of adequate
knowledge in the subject matter, lack of adequate skills to explain scientific
facts, lack of basic numerical skills in chemistry and failure to interpret
scientific results or principles. Basically, the candidates had limited
knowledge of concepts, thus they failed to attempt the questions correctly.

Recommendations

The following recommendations are given in order to improve teaching and
learning processes:

(@) Teachers are insisted to guide students to determine the calorific
values of fuels experimentally. For instance, students may burn
kerosene, charcoal and firewood for the purpose of comparing the
calorific values of those fuels.

(b)  Teachers are advised to guide students through the use of manila
cards depicting atomic structures to discuss the modifications of
Dalton’s atomic theory.

(c)  Students are encouraged to practice solving various problems which
require interpreting scientific results or processes such as rusting and
experiment to prove the presence of carbon dioxide in air.

(d) Students are advised to practice solving questions which require

description and computation skills such as calculating empirical and
molecular formulas.
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APPENDIX: Analysis of Performance of Students in Each Topic

S/N

Topic

Question
Number

% of

Students who

Scored an
Average of
30% or
Above

Average

Remarks

2 | Hydrogen 7 54.86 54.86 | Average
3 | Matter 2 66.57
41.17 | Average
3 15.76
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