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FOREWORD

The National Examinations Council of Tanzania (NECTA) is pleased to issue this
Candidates’ Item Response Analysis Report on the Physics subject for the Diploma
in Secondary Education Examination (DSEE), 2023. The purpose of this report is
to provide feedback to all education stakeholders and student teachers on the
achievement of the implementation of the Physics syllabus in the Diploma level
through the candidates’ performance. This is because, primarily, the candidates’
performance is an indicator of the effectiveness of classroom teaching and
learning.

The general performance of the candidates in the Physics subject was good. The
report displays factors which contributed to the candidates’ ability to answer the
examination questions correctly and score high marks. The factors include ability
to identify the tasks of the questions, good knowledge of the subject matter, good
mathematical skills and correct application of the principles in interpreting
scientific observations. However, some candidates scored low marks as they
lacked such qualities.

It is expected that the suggestion and recommendation provided in this report will
enable education administrators, college principals and tutors to take appropriate
teaching and learning interventions so as to enable the student teachers to master
the skills and knowledge. This will in turn improve candidates’ performance in the
future examinations administered by the Council.

Finally, the Council extends its gratitude to examination officers who participated

in preparing this report.

Dr. Said A. Mohamed
EXECUTIVE SECRETARY

v



1.0

INTRODUCTION

This report analyses candidates’ responses in the Physics subject for the
Diploma in Secondary Education Examination that was administered in
May 2023. It provides feedback to educational stakeholders about the
strength and weaknesses of the candidates’ performance.

The DSEE 2023 physics examination paper covered the 2009 academic and
pedagogy syllabus and was set based on the 2022 Examinations Format.
The examination consisted of two papers: Physics 1 (theory) and Physics 2
(practical).

The Physics 1 comprised sections A and B with a total of 14 questions
which assessed academic and pedagogy contents. The candidates were
required to attempt all questions. Section A consisted of 10 short answer
questions which carried 4 marks each while section B had four (4)
structured essay questions, each carrying 15 marks. On the other hand,
Physics 2 consisted of three (3) questions: questions 1 carried 20 marks
while questions 2 and 3 carried 15 marks each. The candidates were
required to attempt all questions.

The analysis highlights what the candidates were required to do in each
question and evaluates the strengths and weaknesses of the candidates’
responses. Furthermore, it provides a statistical analysis of the candidates’
performance and samples of extracts which illustrate the candidates’ good
and weak responses.

The candidates’ performance in each question has been classified into three
categories which are good, average and weak. Good performance ranges
from 70 to 100 per cent, average performance ranges from 40 to 69 per cent
and weak performance ranges from 0 to 39 per cent. In addition, green,
yellow and red colors are used in charts or graphs to represent these
categories respectively.

A total of 338 candidates sat for 731 Physics examination in 2023. Among
them, 316 (96.93%) passed the examination. This implies that the general
performance in this subject was good. The performance in 2023 has
increased by 0.75 per cent compared to the performance in 2022, where
96.18 per cent passed. The analysis of the candidates’ performance in 2023
compared to the year 2022 is summarized in Table 1.
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2.0

2.1

Table 1: Comparison of candidates’ performance in grades and

percentage for the years 2022 and 2023 in Physics

Number of Candidates and Percentage
Year | Sat Passed Grades
A B C D F
2023 | 338 316 0 9 166 141 10
96.93% | 0.0% | 2.76% | 50.92% | 43.25% | 3.07%
2022 | 1708 | 1612 0 17 519 1,076 64
96.18% | 0.0% | 1.00% | 30.39% | 63.00% | 3.75%

Table 1 indicates that many candidates scored grade C and D in the two
consecutively years. It further shows that, there was no candidate who
scored grade A in the two years.

Lastly, this report provides conclusion and recommendations that may help
to improve the candidates’ performance in future examinations. It also
presents appendices which indicate the performance in each topic.

ANALYSIS OF THE CANDIDATES’ PERFORMANCE IN EACH
QUESTION

This part analyses the candidates’ performance in each question in Physics
papers 1 and 2. The analysis begins by explaining the requirement of the
question as it appeared in the examination paper followed by data analysis
and detailed description of candidates’ responses and extracts.

PHYSICS 1 (THEORY)

This was a theory paper which consisted of section A and B with a total of
14 questions. The candidates were required to answer all the questions.
Questions in section A weighed 4 marks each while those in section B
weighed 15 marks each. The topics which were examined include
Measurements, Properties of Matter, Mechanics, Heat, Current Electricity,
Electronics, Planning for Teaching, Physics Laboratory Management,
Atomic Physics, Waves, Teaching and Fundamental of Teaching and
Learning Physics. The pass mark in section A was 2.0 marks while in
section B it was 6.0 marks.



2.1.1 Question 1: Measurements

The question was asked as follows: The Form One students were given a
task to measure a mass of a bob using beam balance. Explain two physical
quantities that would be expressed by the students in carrying out such
task.

The question was attempted by 338 (100%) candidates and a summary of
their performance is shown in Figure 1.
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Figure 1: Candidates’ Performance in Question 1

Figure 1 shows that the overall performance in question 1 was average as
42.6 per cent of candidates scored 2.0 to 4.0 marks.

The candidates who scored high marks (3.0 — 4.0) had sufficient knowledge
about physical quantities. They accurately identified mass and weight as the
primary physical quantities associated with a bob measurement using beam
balance. Specifically, they correctly indicated that mass is directly read
from a beam scale while weight is the force exerted due to gravity. They
demonstrated a clear understanding of the fact that a bob’s weight is a
derived physical quantity with its unit being derived from the dimensions of
mass and acceleration due to gravity. Moreover, they were aware that a
beam balance is an instrument that is used to measure mass of objects such
as a bob in unit of kilogram or gram. Extract 1.1 shows responses of a
candidate who scored high marks in this question.



MR T Yoo phuiop grankTRe
M Maus
Ty w fe quoddy 8F malle~ o an aljed
=k W & batic &Lw&umw qudzl) (

D) V\Jtﬁq\/&
T e ameund % Aerce &Qg)rawvl‘u.

{:’W') (ED’U‘_ OL&ECQ &= L&tﬁa '.

"'ll— u a-_cge:—‘ve@ th*b.t:, eﬁmm@rﬁmn
mag, Lo He Dot VN Le aple &
expras weighl |, bwk weiplk  vall wsk be
C{’ejqrn'\\‘v\n& B}I beam balante bud 2'7 mattoma-
‘l‘\‘co-Q Ca.QCmt’.ﬂ.lhnb ftnj: ‘

Meisht = Moy %ELach x fravitaiemop
Aoz .

Extract 1.1: A sample of a correct response to question 1

The candidates with average scores (2.0 — 2.5) marks exhibited insufficient
knowledge of the relevant physical quantities. These candidates accurately
identified only one physical quantity associated with a bob when measured
using a beam balance. However, they failed to recognize that both
fundamental and derived physical quantities can be expressed when using a
beam balance to measure an object’s mass.

On the other hand, some candidates who scored low (0.0 — 1.5) marks had
insufficient knowledge about the relevant physical quantities. Most of these
regarded physical quantities expressed when a bob measured by beam
balance as fundamental units. The responses included units such as
kilometer, seconds and hours which were not correct because those units
are not expressed from a beam balance which is used to measure a mass.
Some of them identified grams and kilograms as the physical quantities
while others associated kilograms with daily activities and grams with the
measurement instrument. Some candidates wrongly discussed scalar and
vector quantities as the physical quantities derived from a beam balance
rather than focusing on mass and weight. Additionally, the candidates
attempted to differentiate between derived and fundamental physical
quantities, stating that derived quantities depend on fundamental quantities
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2.1.2

while fundamental physical quantity does not depend on the other
quantities. These responses deviated from the requirements of the question.
Extract 1.2 is a sample of weak responses from one of the candidates.
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Extract 1.2: A sample of an incorrect response to question 1

In Extract 1.2, the candidate incorrectly explained two physical quantities
expressed from a beam balance as length and time instead of mass and
weight.

Question 2: Properties of Matter

The question was asked as follows: An experimenter complained to you
about a problem of obtaining different readings when using the new and
old spring balance. What would be a reason for this difference?

A total of 338 (100%) candidates attempted this question and the analysis
of their performance is presented in Figure 2.
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Figure 2: Candidates’ Performance in Question 2

The statistical data in Figure 2 reveals that the candidates’ performance in
this question was average because 63.9 per cent scored from 2.0 to 4.0
marks.

The candidates who scored from 2.0 to 2.5 marks provided one correct
response and consequently lost some marks. On the other hand, the
candidates who scored high marks (3.0 — 4.0) demonstrated an
understanding that using a spring balance repeatedly leads to its weakening.
They correctly explained that the spring balances which have been used for
a long time exhibit incorrect reading. Furthermore, they recognized that
environmental influences and effects of wear and tear can contribute to
incorrect reading in the older spring. Extract 2.1 is a sample of the correct
responses to the question.
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Extract 2.1: A sample of a correct response to question 2.

The candidates who scored low marks (0.0 — 1.5) gave incorrect responses

to the question. They failed to recognize that a spring balance which has

been used for a long time experiences a decrease in its restoring force and
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elasticity resulting in incorrect reading. Some of them confused the
concepts of errors analysis with elasticity of spring balance. For example,
one of the candidates incorrectly explained the reasons for wrong readings
of the old spring as precision is a situation whereby the new reading is
different from the actual reading. The old reading is different from the new
reading and accuracy is the situation such that the reading is the same with
the actual reading. Other candidates explained how to reduce random and
systematic errors during experimentation instead of explaining the reasons
for different readings when using the new and old spring balance.

Moreover, other candidates gave explanations based on the concepts of
density and pressure rather than addressing the elasticity of spring balance.
For instance, one of them explained that the new spring balance has correct
reading due to high density and pressure while the old spring balance is
affected by low density and pressure. The other candidates explained the
concepts of temperature and electricity instead of elasticity of a new and
old spring. For example, one of the candidates explained that old spring
does not require electricity, new spring is highly sensitive temperature
while old spring is not sensitive temperature. Extract 2.2 is a sample of the
incorrect responses from one of the candidates.
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Extract 2.1: A sample of a correct response to question 2

In Extract 2.1, the candidate listed the causes of improper laboratory
management and organization instead of giving reason for the difference in
reading when using old and new spring balance.



2.1.3

Question 3: Mechanics

This question was asked as follows: A passenger in the train noticed that
the brake was applied when it was moving with a velocity of 72 km/hr.

After passing over 200 m, its velocity reduces to 36 km/hr at the same rate

of retardation. How much distance will it go before brought to rest?

The question was attempted by 338 (100%) candidates. Figure 3
summarizes the candidates’ performance in this question.
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Figure 3: Candidates’ Performance in Question 3

The data in Figure 3 shows that the overall performance was weak as only
8.0 per cent of the candidates scored from 2.0 to 4.0 marks, and the
majority (92.0%) of the candidates scored 0.0 to 1.5 marks.

Further analysis indicates that the candidates who scored low marks (0.0 —
1.5) had insufficient knowledge of the tested concepts, leading to incorrect
responses to the question. Most of them failed to establish the relationship
between the concepts of velocity and the rate of retardation of a train which
is crucial for calculating the distance covered by a train before coming to a
stop. For example, one of the candidates wrote that distance covered is
equal to velocity multiplied by time taken (d =vxt). Similarly, others
wrongly calculated distance by manipulating initial velocity and final
velocity as distance covered by a train (d, :%). It was also noted that
2
some of the candidates employed inappropriate concepts and formulas to
8



determine the distance covered by a train. They introduced the concepts
like linear momentum (mu, +m,u, =myv,+m,v,) and projectile motion
. 2v_sinf _ . . . .
(R=u,sin@xt; T =—>——) instead of Newton’s third equation of linear
g

motion (V' —VO2 =2aS) which would lead them into the formula of

acceleration (a :TVO) Moreover, some of them omitted the steps
necessary to deduce either acceleration or distance of the train when the
break was applied. These candidates seemed to be unaware that the rate of
retardation is the same as deceleration of a moving object when brakes are
applied. This implies that these candidates lacked some skills of calculating
acceleration of a train in straight/linear motion. Extract 3.1 is a sample of

incorrect responses of the candidate who scored low marks in this question.
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Extract 3.1: A sample of an incorrect response to question 3

Extract 3.1 indicates that the candidate applied a wrong formula and
procedure to deduce distance covered by a train before it was brought to
rest.

Most of the candidates who scored average marks (2.0 — 2.5) correctly
wrote Newton’s third equation of linear motion and substituted the values
of wvelocities. However, in the step of deducing the rate of
retardation/acceleration they did not score any marks.



The candidates who scored high marks (3.0 — 4.0) had enough knowledge
of Newton’s equations of linear/straight line motion. Therefore, in step one,
they correctly applied Newton’s third equation of motion (v> —u* =2aS) to
calculate the rate of retardation/acceleration of a train. Moreover, in step
two, they were aware that when a brake was applied, the final velocity of
the train became zero (Om/s). Therefore, they correctly deduced the

distance moved by a train before it was brought to rest through the formula

2 2
vV —u

s = . Extract 3.2 is a sample of correct responses from one of the

2a
candidates who scored high marks.
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Extract 3.2: A sample of a correct response to question 3

2.1.4 Question 4: Heat

The question was asked as follows: The College Principal invited a clinical
officer to present to the second-year student teachers about qualities of a
good thermometric property. What are the four key points will the clinical
officer present to students?

The question was attempted by all 338 candidates, which corresponds to
100 per cent as summarized in Figure 4.
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Figure 4: Candidates’ Performance in Question 4

Figure 4 shows that the candidates’ performance in question 4 was average
since 47.6 per cent of the candidates scored from 2.0 to 4.0 marks.

The candidates who scored high marks (3.0 — 4.0) correctly explained the
four qualities of a good thermometric property. They were aware that the
qualities of a thermometric property include good stability, consistence,
good sensitivity, wide coverage range of temperature and low thermal
conductivity to heat. Extract 4.1 is a sample of the correct responses from
one of the candidates.
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Extract 4.1: A sample of a correct response to question 4
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2.1.5

The candidates who scored average marks (2.0 — 2.5) lost some marks
because they were not aware of volume expansion of a liquid and solid,
pressure change of gas are types of thermometry property. Some of them
mixed the qualities of thermometry property with properties of liquid
thermometer. Other candidates outlined the reasons for using mercury and
alcohol in thermometers instead of explaining the qualities of a good
thermometric property. For example, one of the candidates explained that
Mercury is used in thermometers because it has high coefficient of
expansion.

The candidates who scored low marks (0.0 — 1.5) wrote three to four
incorrect responses to this question, such as the expansion of thermometric
liquid should be uniform, the boiling point of thermometric liquid should be
very high, and the freezing point should be very low. One of the candidates
explained the qualities of thermometric property that it measures the boiling
point of water, it has a glass to show the rise and fall of temperature, it has
numbers that help to reading the temperature and inside containing liquid
for the specific temperature wanted to measure. Other responses included
should have expansivity power, transparent to be seen easily, adhesive
forces and potable. All these responses indicate the candidates’ partial
knowledge of the tested concepts. Extract 4.2 is a sample of the incorrect
responses from one of the candidates.
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Extract 4.2: A sample of an incorrect response to question 4

In Extract 4.2, the candidate incorrectly gave the qualities of a good
thermometric property due to lack of understanding of thermometric
features and types of thermometer.

Question 5: Mechanics

The question was asked as follows: “If the distance between two objects is
doubled, the gravitational force between them decreases to one fourth.”
Prove this statement by using Gravitation’s equations.

12



The question was answered by all 338 (100%) candidates. The overall
performance in this question was weak as revealed in Figure 5.

Scores
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Figure 5: Candidates’ Performance in Question 5

Figure 5 indicates that the performance of the candidates was weak as more
than half of the candidates (65.4%) scored marks ranging from 0.0 to 1.5.

The candidates who scored low marks (0.0 — 1.5) demonstrated lack or
partial knowledge of the concept of gravitational motion, specifically the

. o . Gmm
Newton’s law of universal gravitation equation (F =——-—=). These
r

candidates either derived the equation of density of earth instead of
deducing Newton’s law of universal gravitation which relates masses and
distance between them or provided the Kepler’s laws instead of Newton’s
universal gravitational equation. For example, one of the candidates
explained that planets move around the Sun in ellipses, with the Sun at one
focus. Another candidate wrote: The square of the orbital period of a planet
is proportional to the cube of the semimajor axis of the ellipse. Moreover,
some candidates used incorrect gravitational equations to prove the given
statement. For instance, one of them presented the equation resembling

Kepler’s third law as T =Gr’ while others gave the equation that

resembles to Newton’s law of gravitation as ( g —%) G2A/12m .
r

The candidates also wrongly proved the given statement by equating either

the centripetal force equation or force of gravity with the Universal

mv’ _ GMm
ror

13
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candidates were not aware that comparison of centripetal force equation
and universal gravitational force are used to determine the velocity of a
satellite in its orbit and radius of an orbit. The equations of force of gravity
and universal gravitational force are compared in deducing the equation of
density of earth. However, these equations could not help them to prove the
given statement using gravitational equation. Extract 5.1 shows an incorrect
response to the question.
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Extract 5.1: A sample of an incorrect response to question 5

In Extract 5.1, the candidate used the equation which does not relate to
gravitational motion, specifically an expression of Newton’s law of
universal gravitation equation. He/she also demonstrated poor mastery of
mathematical skills.

The candidates who scored average marks (2.0 — 2.5) lost some marks
when manipulating the doubled distance between two objects and
computation of decreases in gravitational force to one fourth because they
gave incomplete procedures for proving the statement mathematically.

On the other hand, the candidates who scored high marks (3.0 — 4.0) had
sufficient knowledge about the Newton’s law of universal gravitational and

. . . GMm
its mathematical expression (F =

the effect of gravitational force of a planet of mass m exerted by another
planet (or star) of mass M and the distance between them. Therefore, they
knew that the product of two masses is proportional to the exerted force and
inversely proportional to the square distance between them. The procedure

14



continues by correctly analyzing two equations from the given statement.

Mi . .
When force, F = G 2m and when distance is doubled and force reduced to
r
GM :
one force, F becomes F = o )n; As result, these candidates correctly
r

manipulated the two equations to obtain the required proof. Extract 5.2 is a
sample of responses from a candidate who scored good marks in this
question.
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Extract 5.2: A sample of a correct response to question 5

2.1.6 Question 6: Current Electricity

The question was asked as follows: The radio technician was given a 5 Q

resistor and asked to connect it in series with a parallel combination of
other resistors each of 5Q. For the radio to work, it requires a total

resistance of 6. How many resistors are required to be in parallel

connection for the radio to work properly?

The candidates who attempted this question were 338 (100%), and 80.2 per
cent failed. Further analysis of the performance is illustrated in Figure 6.
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Figure 6: Candidates’ Performance in Question 6

Figure 6 shows that the performance in the question was weak as more
than three quarters of the candidates (80.5%) scored from 0.0 to 1.5 marks.

The analysis of the candidates' performance shows that the candidates who
scored low marks (0.0 — 1.5) had insufficient knowledge of the concept of
simple electric circuit. They failed to associate the equation for equivalent
resistance in situations where multiple resistors are connected either in
parallel or series configurations. Some of these candidates incorrectly
manipulated mathematical expressions of equivalent resistance for either
parallel or series connections. As a result, they were unable to obtain the
total number of resistors within the circuit. For example, one candidate
mistakenly formulated the equation for equivalent resistors in parallel as:

R,= SQ+L+L instead of L :l+l+l———n times = . The other

n, N, R, 555 5

candidates wrongly wrote as: equations of total resistance for series
5Q — 2.5n in series and 6Q) — xin parallel. In a separate instance, a

candidate incorrectly applied the concept of heat (thermometry) instead of

current electricity (simple electric circuit) as:R, :[£]x273.16K.

Tr
Consequently, they failed to determine the number of resistors in parallel
connection for a functional radio. Extract 6.1 represents a sample of weak
responses from one of the candidates.
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Extract 6.1: A sample of a weak response to question 6

In Extract 6, the candidate provided a circuit of a loop of 10 resistors in
parallel. However, he/she obtained a wrong equivalent resistance by
counting the number of resistors from the circuit.

On the other hand, the candidates who scored good marks (3.0 — 4.0) had a
good understanding of the concepts of simple electric circuit particularly
parallel and series arrangement of resistors. Moreover, they demonstrated a
clear understanding of the expressions which govern the equivalent
resistance in both parallel and series connection. Hence, they correctly
deduced the number of resistors required for the radio to work properly.
Extract 6.2 shows a sample of good responses to this question.

“ hj’ql_rq,i”ww M o (neacken
R, = & +R,.
Roxj = Rogimng in goriey ﬁpmdﬁ/
K- &n
Rp="
V = Vay = W
Q"'a LS R
Rp = R
n-
Ry = R + Rp
= 4+ R
(-5 =R,
n- & " Do Bsiswrs oy Paralle! (mbanghm
n-~ 6—;;, Wil bt Sy phor g
n- s

Extract 6.2: A sample of a correct response to question 6
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2.1.7

Question 7: Electronics

The question was asked as follows: Scientists have discovered two
hypothetical elements, A and B. If element A has energy gap of 3. 0 eV and
element B has energy gap of 1.2 eV; which element will be suitable in the
manufacturing of semiconductor devices? Justify your answer using energy
band diagram.

The data shows that all 338 (100%) candidates responded to the question.
The analysis of their performance is shown in Figure 7.

Scores
m0.0-1.5
02.0-2.5
m3.0-4.0

Figure 7: Candidates’ Performance in Question 7

Figure 7 indicates that 72.5 per cent of the candidates scored from 2.0 to
4.0 marks while 27.5 per cent scored from 0.0 to 1.5 marks.

The candidates who scored high marks (3.0 — 4.0) correctly identified the
suitable element for manufacturing semiconductor devices from the given
values of energy gap 1.2 eV and 3.0 eV. They knew that it is easier for
more electrons to leave the valence band and enter the conduction band
when the energy gap is 1.2 eV hence increase electric conductivity
behavior for semiconductor devices. Moreover, they correctly justified their
selection of the element suitable for manufacturing of semiconductor
device using a well labeled diagram of energy band. Extract 7.1 is a sample
of the correct responses from one of the candidates.
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Extract 7.2: A sample of a correct response to question 7

However, candidates who scored low marks (0.0 — 1.5) had insufficient
knowledge of the concept of semiconductors. These candidates failed to
identify the appropriate element for semiconductor devices and they drew a
wrong energy band diagram. For example, one of the candidates drew a
logic gate with its truth table while others gave the diagram related to
hydrogen lines spectrum rather than depicting energy band diagram. In
addition, some of the candidates justified the choice of suitable element for
semiconductor devices through incorrect description. For instance, one of
the candidates explained that “due to silicon semiconductor it is easy
electron to move from conduction to the valence band because are small
layer depletion while the germanium semiconductor it’s difficult to move
from conduction and valence band because of high space”. Another
candidate explained that “3.0 eV is suitable because not easy to allow
current to pass through it and this can be existing in both properties of
conductors and insulators.” Moreover, some of the candidates derived
expressions related to the concept of structure of atom instead of the
concept of semiconductor. For example, one of the candidates deduced the
relationship between energy in eV and the velocity of the electron as:

1 )
leV=K.E; eV = Emv2 and eV «cv*. These candidates were not aware

that the amount of energy in eV of semiconductor element is not associated
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2.1.8

with the speed of electron, it implies the amount of energy (work done) for
an electron to move from valence band to the conduction band. Extract 7.2
illustrates a sample of incorrect response from one of the candidates.
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Extract 7.1: A sample of an incorrect response to question 7

In Extract 7.1, the candidate drew the histogram showing values of 1.2 eV
and 3 eV instead of the energy band diagram which was the required by the
question.

Question 8: Planning for Teaching

The question was asked as follows: You have been employed at Uhai
Secondary School which has scarcity of laboratory apparatus and
equipment. Unfortunately, you wanted to conduct an experiment to
determine acceleration due to gravity to Form Two students. How would
you improvise the apparatuses so that you perform such an experiment
effectively? Give four points.

The data shows that all 338 (100%) candidates responded to the question.
The analysis of their performance is shown in Figure 8.
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Scores
m0.0-1.5
02.0-2.5
m3.0-4.0

Figure 8: Candidates’ Performance in Question 8§

Figure 8 indicates an average performance in question 8 since more than a
half (55.3%) of the candidates scored above the pass marks (2.0 — 4.0).

The candidates who scored high marks (3.0 — 4.0) understood the concept
of improvisation in the process of teaching and learning. Thus, they
correctly explained how to improvise the apparatuses during an experiment
to determine the acceleration due to gravity. Moreover, they were aware
that small stones, sticks of the trees, clocks, marked piece of wood and
sewing thread collected from school environment can be used instead of
sophisticated apparatuses like pendulum bob, retort stand, stopwatches,
metre rule and cotton thread respectively. Extract 8.1 is a sample of good
responses from one of the candidates.

C;J 1 w?” Coﬂlr_t _-G}a”_dafu_ in {II'MIOE, _AC','tE!}ﬂ af d..Peﬂ,,-f'mr,
bob - - '
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amltf?:] av_the rf—'FOr{ J‘h‘ﬂt{-u

(i ) _i ‘IB?" Use my p[‘mﬁ_ﬂ_ ‘f‘o Cofbtf L{Iafst. Gfm_) tb,
“M.. Jﬁfw&"cl‘l € rnnf Q\fﬂdi’ﬁ.l:l(_ i

QW l'w'-’ﬂ C_D";r,-‘ and  Goanac] glwe.: qc1l£‘,'¢Lq au The
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Extract 8.1: A sample of good response to question 8
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The candidates who scored average marks (2.0 — 2.5) correctly explained
only two out of four improvised apparatuses used in conducting an
experiment to determine acceleration due to gravity. They lost some of the
marks because they provided explanation for apparatuses that are not used
in conducting such experiment. For example, one of the candidates gave
apparatuses such as to use plastic bottles, foil paper. Other candidates
mentioned used dry cells and connecting wires as improvised apparatuses
to carry out experiment to determine acceleration due to gravity.

On the other hand, the candidates who scored low marks (0.0 — 1.5) either
gave incorrect responses or managed to score a single point. Some of them
incorrectly associated the experiment with heat related apparatuses
experiment rather than focusing on experiment related to acceleration due
to gravity. Example of such responses included mentioning of thermometer,
boiled water, and piece of black clothes. Furthermore, there was confusion
among candidates between the concepts of improvising in teaching and
learning aids with laboratory management. For instance, one candidate
suggested attributes like clean the apparatus and lab benches before
conducting an experiment, labeling the apparatus and group them
according to the nature of the experiment, record and know the number of
apparatus before conducting experiment. Other candidates wrote
expressions to determine acceleration due to gravity g, as:

/ / 4r*
T:27r\/:—>T2=47r2.——>g: ﬂz.l.
g g T

Moreover, some candidates listed criteria for conducting physics
experiments and steps for improvisation of teaching and learning aids. For
example, one of the candidates listed criteria such as number of apparatus,
number of students, time for conducting an experiment and size of the class.
The candidates were supposed to recognize that in order to improvise
apparatus for experiment to determine the acceleration due to gravity, they
had to consider the use small stones or any small mass collected from
school environment instead of pendulum bob, prepare or collect some
sticks of tree or timber pieces to make a retort stand, use clock or staff
phones instead of stopwatch, prepare and use marked local metre rule, and
prepare and use local thread or sowing thread. Extract 8.2 is a sample of
incorrect responses from one of the candidates.
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Extract 8.2: A sample of an incorrect response to question 8

In Extract 8.2, the candidate wrote some of the procedures for writing a
physics practical report instead of explaining how to improvise the
apparatuses to conduct experiment to determine acceleration due to gravity.
He/she listed apparatuses and drew a diagram which was not the
requirement of the question.

Question 9: Planning for Teaching

The question stated as follows: Some of the Physics teachers argued that
preparing a lesson plan is too demanding and time wastage activity.
Comment on teacher arguments giving four points.

The question was attempted by all 338 (100%) candidates. Figure 9
illustrates the candidates’ performance in this question.
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Figure 9: Candidates’ Performance in Question 9

Figure 9 shows that the candidates’ performance in Question 9 was good
because more than three quarters of them (85.2%) scored above average
marks (2.0 — 4.0).

The candidates who scored high marks (3.0 — 4.0) were aware that a lesson
plan helps a teacher to plan the strategies to be used in the lesson delivery,
and enable the preparation of teaching materials and series of learning
activities for the lesson. They correctly supported the given argument by
explaining the importance of a teacher to prepare a lesson plan as before
classroom session. They described the advantages of a lesson plan as fo
enable lesson objectives being achieved, it regulates teachers’ speed of
teaching and manage time, to help teachers to be consistent and confident.
Thus, they gave correct responses. Extract 9.1 is a sample of the correct
responses to the question.
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Extract 9.1: A sample of a correct response in question 9

The candidates who scored average marks (2.0 — 2.5) had insufficient
knowledge about the advantages of a lesson plan in teaching and learning
process as they supported the argument about a lesson plan and correctly
explained two out of four points regarding the preparation of a lesson plan
before teaching.

However, some candidates scored low marks (0 — 1.5). Those who scored
zero were not aware of the roles of the lesson plan for teachers. Those who
scored from 1 to 1.5 marks gave incorrect responses mixed with the correct
ones. For example, one of the candidates perceived the preparation of a
lesson plan as time consuming and stated that it uses much time to prepare,
it needs skilled teacher to prepare, it causes teacher to teach slowly and
costly it needs much books. Another candidate explained that it involves
much time in construction, it requires syllabus and scheme of work in
finding teaching and learning activities. This candidate failed to understand
that a lesson plan to teachers act as a guide during the deliverance of a
lesson in the classroom. Other candidates explained that is prepared at
beginning of the term and has the several columns. These candidates were
not aware that a lesson plan is prepared daily before classroom session and
covers the plan of a single lesson unlike a scheme of work which covers the
plan of the whole term.

Furthermore, other candidates regarded lesson plan as a log book which has
a record of taught topics and sub topics in a particular period of time. These
candidates explained that it helps an academic teacher to identify a number
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2.1.10

of topics covered by preparation of terminal examinations. They candidates
confused a lesson plan with a log book. Extract 9.2 is a sample of the
correct responses to the question.
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Extract 9.2: A sample of an incorrect response to question 9

In Extract 9.2, the candidate provided some advantages and disadvantages
of construction of multiple-choice items instead of the importance of a
lesson plan in teaching and learning process.

Question 10: Physics Laboratory Management

The question was asked as follows: Form Three students were given a task
of conducting an experiment to verify Ohm’s law. You have decided to use
observation schedule to record their participation during experiment. What
four key points would you record for students’ assessment?

The question was attempted by 338 (100%) candidates, and their
performance is summarized in Figure 10.

Scores
m0.0-1.5
O2.0-2.5
@3.0-4.0

Figure 10: Candidates’ Performance in Question 10

Figure 10 shows that 86.7 per cent of the candidates passed the question by
scoring from 2.0 to 4.0 marks. This indicates a good performance.
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The candidates who scored high marks (3.0 — 4.0) were equipped with the
knowledge about preparation and conduction of physics practical.
Therefore, they correctly stated the key points to be considered when
assessing students during an experiment to verify Ohm’s law. Extract 10.1
is a sample of the correct responses from one of the candidates.

:LI :womﬁu:

Extract 10.1: A sample of a correct response to question 10

The candidates who scored average marks (2.0 - 2.5) demonstrated partial
understanding of the uses of observational schedule to assess students’
participation when conducting an experiment. They gave two out of four
key points about students’ participation that could be recorded in the
observational schedule. Their key points included incorrect responses
which made them lose some marks. For example, one of the candidates
gave types of assessment as formative assessment and placement. The other
candidates wrote procedures of conducting experiments such as define the
purpose and scope of observation learning schedule and collecting data.

On the other hand, the candidates who scored low marks (0.0 - 1.5) had
insufficient knowledge about the preparation and conduction of physics
practical. Hence, they provided one out of four correct points that could be
recorded in the observational schedule and consequently lost some marks.

On the other hand, some candidates scored zero because they confused
between the preparation and conduction of physics practical with the
concept of current electricity particularly Ohm’s law. Consequently, they
gave wrong answers like resistance of a conductor in ohms, current that
pass through a conductor, and voltage potential difference of a source.
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2.1.11

Another group of candidates listed factors affecting resistance of a
conductor such as cross-section area, length of the wire, and nature of the
wire. Some candidates gave the expression of Ohm’s law as
Vool 5>V =kI >V =IR and the list of apparatuses used to conduct
experiment such as; resistance box, switch, ammeter, voltmeter, dry cell.
Moreover, there were some candidates who listed assessment tools such as
test, portfolio, interview and questionnaire instead of key points such as
handling of apparatus/equipment, assembling apparatus, data collection and
data presentation. Extract 10.2 is a sample of incorrect responses from one
of the candidates.
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Extract 10.2: A sample of an incorrect response to question 10

In Extract 10.2 the candidate provided scales of educational measurement
instead of a list of students’ activities that could be recorded in observation
schedule.

Question 11: Atomic Physics

This question had two parts which were asked as follows:

(a) Scientists at Tanzania Atomic Energy Agency bombarded the stable
and naturally occurring nuclide of Cobalt-59 with neutrons. Explain
this process basing on neutron-activation.

(b) An employee in the nuclear plant project has identified a radioactive
element to have an initial count rate of 2400 counts per minute on a
scale meter. After 30 hours the count was observed to fall to 300
counts per minute;

(i) Determine the half-life of the element.

28



(ii) If the initial number of atoms in another sample is 6x10°°, how
many atoms will have decayed in 50 hours?

A total of 338 (100%) candidates attempted this question. The analysis of
the candidates’ performance in this question is shown in Figure 11.
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Figure 11: Candidates’ Performance in Question 11

Figure 11 illustrates that the performance in this question was average since
about a half of the candidates (45.9%) scored from 6.0 to 15.0 marks.
Further analysis shows that, there was no candidate who scored all 15
marks allocated to this question.

The candidates who scored high marks (10.5 — 15.0) were competent in
atomic physics concepts specifically in the area of radioactivity. Thus, in
part (a), these candidates correctly explained the process of bombardment
of nuclide of Colbat-59 with neutrons basing on neutron-activation.
Additionally, they formulated a balanced nuclear reaction equation which
helped them to explain the neutron activation process. Similarly, in part (b)
the candidates correctly applied the appropriate formula to determine half-
life of the element and number of atoms decayed in 50 hours. Extract 11.1
is an example of the correct responses.
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Extract 11.1: A sample of an incorrect response to question 11

The candidates who scored average marks (6.5 — 10.0) obtained most of the
marks in part (b) but not (a). They demonstrated partial knowledge of
Neutron activation process of nuclide of Cobalt-59. Therefore, they lost
most of the marks allocated in that part. For example, one candidate
wrongly explained neutron activation as the process of neutron activation it
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involves the nuclear fission and fusion. Another candidate explained that
process of neutron is the difference of mass number and atomic number.

The candidates who scored low marks (0.0 - 5.5) either skipped part (a) or
gave incorrect explanation of the Neutron activation process of nuclide of
Cobalt-59. Majority of the candidates scored no marks at all in part (a)
while in part (b) most of them scored some marks because they wrote
correct equation of half-life. However, many candidates struggled with the
necessary mathematical manipulation for either determining element’s half-
life or number of atoms decayed. The responses given by these candidates
lacked clarity which could attract full marks.

On the other hand, the candidates who scored zero (0) demonstrated lack of
knowledge about the radioactivity concept. For example, in part (a) some of
the candidates described the structure of an atom instead of neutron
activation process. Their responses included statements such as the
presence of neutrons and protons within the nucleus to counteract
repulsion forces, in contrast to outer most shell electrons. Moreover, these
was an instance of a candidates asserting that, the process included high
voltage power.

In part (b), majority of the candidates encountered challenges in applying
appropriate formula of half-life and radioactive decay equation. This led to
erroneous calculation of element’s half-life and number of atoms decayed
in 50 hours. For example, some candidates incorrectly wrote half-life as;

N, . o
t,= (—"'Jf while others wrote initial count rate over final count rate. In
02

addition, there were some candidates who derived irrelevant formulas to
half-life. For instance, one candidate wrote; 2400 — lmin,

| A _
30 count — 30 hours and N Etn instead of N; = % Extract 11.1
0

presentsa sample of incorrect responses from one of the candidates who
attempted the question.
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Extract 11.1: A sample of an incorrect response to question 11

In Extract 11.1, the candidate explained binding energy instead of Neutron
activation process in part (a), and in part (b) he/she wrote a sequence of
numbers, hence ended up with a wrong value of half-life of the element.

2.1.12 Question 12: Waves

This question was asked as follows: In determining the beat frequency of a
guitar string and turning fork, two student teachers were assigned to strike
a guitar string and sound a turning fork by hitting it on a rubber band. If
the tension of the string was 129.6 N and the beat frequency obtained when
the string and the turning fork sounded was 10 beats per second, calculate
the frequency of turning fork if the tension on the string is raised to 160 N.

The question was attempted by all 338 (100%) candidates, of whom 94.6

per cent failed. Further analysis of the candidates’ performance is shown in
Table 2.
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Table 2: Distribution of the Candidates' Scores in Question 12

Scores Description Per centage of Candidates

6.0-10.0

Table 2 shows that the candidates’ performance in question 12 was weak
since 94.6 per cent scored below the average marks (0.0 to 5.5). Further
analysis reveals that only 5.4 per cent of the candidates passed.

The candidates who scored low marks (0.0 — 5.5) demonstrated lack or
partial knowledge of the sound waves concepts. These candidates either
applied incorrect formula or lacked mathematical skills to calculate the
frequency of turning fork. For example, one of the candidates incorrectly
. T T
wrote: Tension =beats x frequency. Another candidate wrote: —-=-%

VS
instead of f :% \/I to calculate the frequency of turning fork. Most of the
w

candidates struggled to derive the relation between frequency f and tension
T of the string. This relationship would have enabled them to arrive at the

ultimate expression, f| = T—l xf, which could have facilitated them to
2

calculate the frequency of turning fork if the tension on the string is raised
to 160 N. Consequently, they determined the frequency of string using

L/f
T,

1

were not aware that frequency (f) in the string is direct proportional to
square root of the tension ( JT ).

. These candidates

improper relation focTand T,f,=T,f, > f, =

Moreover, some candidates confused the concept of beat frequency with
elasticity found in properties of matter and restoring force in simple
harmonic motion. For example, one of the candidates derived the
expression of relating frequency and tension of the string as;
Txe—>T=ke—>T=mwe—>T=2rfme. Extract 12.1 shows a sample of

incorrect responses from one of the candidates.
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Extract 12.1: A sample of an incorrect response to question 12

In Extract 12.1, the candidate applied the expression relating three terms to
describe the wave motion (frequency f, wavelength 4 and wave velocity v)
and periodic time T in simple pendulum experiment instead of

f, = f% xf, which could be used to calculate the frequency of turning
2

fork.

The candidates who scored average marks (6.5 — 10.0) lost some marks in
substitution of the given values of tensions and beat frequency. Some of
them gave incomplete procedures for deriving the formula to calculate
frequency of turning fork.

On the other hand, the candidates who scored high marks (10.5 — 15.0) had
sufficient knowledge about the sound waves, especially beat frequency of a
string and turning fork. In addition, they were aware of the appropriate
formula to calculate turning fork according to the given tension. Therefore,
they properly followed the procedures for deriving the expression which
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has clear relationship of frequency f of turning and tension T of the string.

Extract 12.2 is a sample of correct responses.
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Extract 12.2: A sample of a correct response to question 12
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2.1.13 Question 13: Teaching

The question asked as follows: During the block teaching practice, the
academic master appointed you to present a sample of a lesson notes on
“global warming and greenhouse” for the period of 80 minutes to your
fellow student teachers before actual teaching. Prepare a lesson notes for
the topic given using five points.

The question was attempted by all 338 (100%) candidates, of which 79.6
per cent passed, as shown in Figure 12.
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Figure 12: Candidates’ Performance in Question 13

Figure 13 shows that the performance in this question was good since 79.6
per cent of the candidates scored above an average mark (6.0 - 15.0).

The candidates who scored high marks (10.5 — 15.0) correctly prepared the
lesson notes on the topic of global warming and greenhouse. They
demonstrated good mastery of the given topic because they gave correct
descriptions about sources of green house, definition of global warming and
greenhouse effect. In addition, they correctly highlighted the effects of
global warming and ways to control global warming. Extract 13.1 is a
sample of the correct responses from one of the candidates.
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Extract 13.1: A sample of a correct response to question 13

The candidates who scored average marks (6.0 — 10.0) either explained two
to three points or gave some unclear descriptions about global warming and
greenhouse effect. They lost some marks because they were not aware of
the sources of greenhouse gases and ways to control global warming.

On the other hand, the candidates who scored low marks (0.0 — 5.5) gave
incorrect responses in all five points about global warming and greenhouse

effect.

A number of these candidates inaccurately interpreted global

warming notes, mistakenly perceiving them as general steps for preparing

notes.

They outlined these steps as introduction of the lesson, main body,

summary and reference. Other candidates incorrectly listed the stages of a
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lesson plan including; introduction, knowledge, reinforcement, reflection
and consolidation. Moreover, some candidates confused the preparation of
lesson notes on global warming with the steps for conducting group
discussion in the classroom. One candidate outlined these steps as
preparing work or task, form a group of five students, distribute the task,
each group marking discussion, teacher to give correction. They were also
candidates who wrote curriculum material instead of notes on global
warming and greenhouse effect. For instance, one of the candidates listed
syllabus, scheme of work, lesson plan. Extract 13.2 is a sample of incorrect
responses from one of the candidates.
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Extract 13.2: A sample of an incorrect response to question 13

In Extract 13.2, the candidate explained the characteristics of good notes
instead of writing lesson notes on global warming and greenhouse effect as
per the requirements of the question.
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2.1.14 Question 14: Fundamentals of Teaching and Learning Physics

This question was asked as follows: Suppose you have been invited by the
District Education Officer to orient the newly employed teachers on the
application of principles of teaching and learning Physics, what would be
your explanations on the following principles?

(a) A learning environment should be supportive, productive and safe.
(b) Students learn better from simple to complex.

This question was attempted by 100 per cent of the candidates, and 86.4 per
cent passed. Further analysis of the candidates’ performance is shown in
Figure 13.
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Figure 13: Candidates’ Performance in Question 14

Figure 13 indicates the candidates’ good performance in question 14. It
shows that 86.4 per cent scored from 6.0 to 15.0 marks.

The analysis of the candidates' responses shows that the candidates who
scored high mark (10.5 — 15.0) were managed to explain precisely the
application of each of the given two principles of teaching and learning
physics. They were aware that students learn better various physics
concepts from simple ideas to complex ones, real to imaginary, whole to
parts and known to unknown. They knew that topics in physics syllabus
and text books are arranged basing on the principle of “simple subject
matter to complex.” The candidates’ responses imply that, they had
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understood the topic of Fundamentals of Teaching and Learning Physics.
Extract 14.1 shows a sample response from a candidate with good
performance.
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Extract 14.1: A sample of a correct response to question 14

In contrast, the candidates who scored low marks (0.0 — 5.5) lacked
knowledge on the principles of teaching and learning physics. They failed
to explain the principles of “learning environment should be supportive’
and “students learn better from simple to complex”. Most of them provided
irrelevant explanations which do not reflect principles of teaching and
learning physics. For example, one of the candidates wrote: ‘“teaching
theory and practically of physics in real life situation, teaching by using
question and answer” and another candidate wrote: “application of
principle of teaching and learning materials of physics should depend on
the teacher for arranging well according to the strategies and methods
needed for teaching and learning process.

Moreover, some candidates explained the concepts of laws and principles
of physics instead of principles of teaching and learning physics. One of the
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2.2

2.2.1

candidates explained that teaching creates in theoretically and practically
of the subject, teaching and learning principles and law of physics, during
teaching and learning process a teacher should teach the laws of Newton'’s
and Bernoulli’s principle practically. Extract 14.2 shows one of the
incorrect responses to the question.
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Extract 14.2: A sample of an incorrect response to question 14

In Extract 14.2; the candidate provided responses based on the topic of
teaching and the concept of conducting physics practical instead of
principles of teaching and learning Physics.

Physics 2 (Actual Practical)

The Physics actual practical paper consisted of three questions from three
topics of Mechanics, Heat and Current Electricity. Question 1 carried 20
marks, while questions 2 and 3 carried 15 marks each, making a total of 50
marks. The candidates were required to answer all questions. The pass
mark in question 1 was 8.0 marks while that of questions 2 and 3 was 6.0
marks. The analysis of the candidates’ performance in each question is as
follows:

Question 1: Mechanics

The question was as follows: Suppose you are given an assignment to
determine the gravitational pull strength of your school area so that you
can be able to determine the weight of objects and you are given the
following materials: metre rule, retort stand, stopwatch, inextensible string,
pendulum bob and two wooden pads. Conduct the experiment through the
following procedures and answer the questions that follow.

Procedures:
(a) Fix one end of an inextensible string on the retort stand. Tie a

pendulum bob to the other end as shown in Figure 1.
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(b) Measure the height, (h) = 10 cm from the ground to the centre of
mass of the bob.

(c) Slightly displace the bob and release to let it oscillate freely and
record the time for 20 complete oscillations.

(d) Repeat procedures in 1(b) to (d) for values of h = 20, 30, 40, 50, 60,
70 and 80 cm.

Questions
(i)  Tabulate the results including the corresponding values of periodic

time.

(ii)  Plot a graph of h (m) against T? (sec?).

(iii) Find the intercept of your graph.

(iv) Determine the slope S of your graph. What does it imply?

(v)  What is the value of gravitational pull at your center?

(vi) Suppose the amplitude of vibration diminishes due to increased air
resistance, will the periodic time for 20 complete oscillations be
different? Briefly explain.
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The question was attempted by all 338 (100%) candidates, out of whom
69.8 per cent passed. Figure 14 summarizes the candidates’ performance in
this question.
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Figure 14: Candidates’ Performance in Question 1

Figure 14 reveals that the candidates’ performance in question 1 was
average because 69.8 per cent of the candidates scored 8.0 to 20.0 marks.

Further analysis shows that the candidates who scored high marks (14 - 20)
had sufficient knowledge about determination of gravitational pull using
simple pendulum experiment. These candidates demonstrated adequate
competence in assembling apparatuses as well as recoding correct data of
height (h) from the ground and time (t) for 20 oscillations period. The

candidates correctly drew a graph of h (m) against T°(s°) using proper
TZ

g

47

scales. In addition, they deduced the formula h=- +H from

2

T=2n \/I . Also, they correctly identified h intercept, determined the slope
g

S from the graph and found the gravitational pull g in acceptable SI units.
Moreover, they correctly explained the effect of reducing amplitude to the
periodic time of oscillation. Extract 15.1 shows the correct responses from
one of the candidates.
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Extract 15.1: A sample of a correct response to question 1 of Paper 2A

The candidates with average scores (8.0 — 13.5) provided incorrect
responses in some parts of the question. Some of these candidates collected
appropriate data; tabulated the results; and plotted the graph correctly but
failed to draw the best line of a graph because of incorrect transfer of data
points from the table of values. Others chose an incorrect scale which was
rough to observe accurate points plotted on a graph. In addition, some of
the candidates calculated correctly the slope ‘S’ but wrote incorrect units.
Some of these candidates failed to provide the implication of the slope S of
the graph. For example, one of the candidates incorrectly wrote; the slope
(S) implies the original length of the thread used. Another candidate
explained that it implies that the height from the ground to the of a bob
changes per second square. Their responses indicate that they were not

aware that slope S mean rate of retardation (-0.288ms™).
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However, some of the candidates who scored low marks (0.0 - 7.5) did not
collect the data properly due to the failure of setting the apparatuses as
indicated in the diagram. In data collection, some of them failed to convert
centimeter (cm) into metres (m). They just used raw data in the table of
results and plotted a graph using cm in instead m. They drew the graphs
without indicating the title, axes, scales, best line and slope. Some of the
candidates lacked knowledge of how to determine the slope of the graph
and thus failed to provide the correct answers to other parts of the question.
For example, some candidates did not draw the graph which was a
necessary step to compute the slope, instead they just used the data
collected from the experiment to determine the slope, contrary to the
requirement of the question.

Other candidates provided incorrect explanation regarding the effect of
reducing amplitudes to periodic time of the bob. For instance, one
candidate wrote yes, it can differ because air resistance course amplitudes
reduce periodic time. Another candidate explained that the number of
periodic time for 20 complete oscillation will be different because the
acceleration will be maximum and the other added that, periodic time will
be different because the air resistance disturb the direction of bob. These
candidates were supposed to realise that the period of oscillation T will
remain constant because the periods depend on the length / of the pendulum
bob and not on the amplitude of oscillation. Extract 15.2 is a sample of
incorrect responses.
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Extract 15.2: A sample of an incorrect response to question 1 of Paper 2A

In Extract 15.2 the candidate gathered incorrect data and he/she did not draw
the graphs based on the collected data to obtain a slope S and intercept.
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2.2.2 Question 2: Heat

This question was as follows: In the heating experiment you observed that,
when substances made of the same material are exposed at the same initial
temperature and then allowed to cool, their rate of cooling differs
depending on various factors. Then, you decide to carry out an experiment
to investigate the rate of cooling.

If you are provided with the following apparatuses and materials: A
calorimeter with jacket and stirrer, thermometer, hot water (to be fetched
from heat source) and stop watch, perform the experiment through the
given procedures and answer the questions that follow.

Procedures:
(a) Weigh and determine the mass of an empty calorimeter (without its
outer jacket)

(b) Half fill (%) the calorimeter with hot water about 90 °C, and place

the calorimeter in its jacket. Place the lid with stirrer and finally
insert the thermometer. Wait for the temperature of the water to reach
85 °C.

(c) Observe and record the temperature of the contents for every 2
minutes as it cools from 85 °C to 50 °C. Remove the calorimeter from
the jacket and measure the mass of calorimeter with water but
without its outer jacket.

(d) Repeat the procedures in 2 (b) and (c) with the calorimeter about

three quarter (%j full of water.

Questions

(i)  Tabulate the results for both half and three quarter full including time
and temperature for each case.

(ii)  Plot the cooling curves for both half and three quarter full in the
same frame of axes.

(iii) Use the two curves to obtain the ratio %full:% full of the times

taken for both to cool from 85 °C to 60 °C.

(iv) What conclusion can you draw on the ratio obtained in 2 (iii)?

(v) Using your graph, comment how a quantity of a body/substance
affects its rate of cooling?
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The question was attempted by all 338 (100%) candidates, of which 32.9
per cent scored from 6.0 to 10.0 marks and 12.7 per cent scored from 10.5
to 15.0 marks. The candidates’ performance in this question is illustrated in
Figure 15.
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Figure 15: Candidates’ Performance on Question 2

Figure 15 shows that the candidates’ performance in question 2 was
average since about a half (45.6%) of the candidates scored average and
above (6.0 — 15.0) marks.

The candidates who scored high marks (10.5 — 15.0) in this question
demonstrated the necessary skills for conducting the experiment on heat
transfer by convection, particularly the concept of rate of cooling in liquids.
The analysis indicates that these candidates had sufficient knowledge of

Newton’s law of cooling. They correctly collected data for half fill (%)

3 : : :
and (Z] calorimeter, plotted curves in the same axis and correctly

determined the time taken to cool both liquids from 85 °C to 60 °C.
Furthermore, the candidates provided a clear conclusion regarding the ratio
of time to cool from 85 °C to 60 °C and recommended that the larger the
quantity of substance at a given temperature the less the rate of cooling.
Extract 15.1 is a sample of correct responses to this question from one of
the candidates.
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Extract 16.1: A sample of a correct response to question 2 of Paper 2A

However, the candidates who scored average marks (6.0 — 10.0) had
limited ability to effectively organize the given apparatuses and analyse the
rate of cooling under Newton’s law of cooling. Those candidates measured
inaccurately the mass of calorimeter when it is half full and when it is two
third full of water. Additionally, some of them had problems with reading a
stopwatch when recording temperature after every 2 minutes. However,
they got some marks on procedures of plotting curve and provided
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insightful comments in part (iv) of the question.

The candidates who scored low marks (0.0 — 5.5), including 12.1 per cent
who scored zero, demonstrated lack of knowledge about the concepts of
thermal convection particularly Newton’s law of cooling. Most of them
failed to collect the appropriate data and chose a wrong scale to plot the
cooling curve in part (ii) of the question. They also lacked mathematical
skills necessary to calculate the ratio of cooling time from 85 °C to 60 °C.

As an example, one candidate wrote: the ratio between % Sfull and % Sfull at

the time taken is almost the same because it has close range. Another

1
candidate wrote: the ratio of the two water = é =2. In addition, some
%
candidates failed to draw conclusion regarding the ratio of time taken to
cool liquids accordingly. For instance, one candidate concluded as the ratio
shows that the time taken to cool the water in the calorimeter has no
significant difference therefore the rate of cooling of temperature is always
the same. Another candidate stated that ratio is the rate of the cooling of
body is direct proportional to surrounding temperature.
collected wrong data values and attempted to plot a graph without

showing. They should have concluded that the 1/2 full filled calorimeter

would cool more easily than the 3/4 full filled calorimeter.

Furthermore, they did not comment on the effect of the quantity of a
substance to the rate of cooling. For example, one candidate commented
that when time increases the rate of cooling decreases. Another candidate
commented that quantity of a body will increase in the calorimeter leads to
lose the temperature in the surrounding slow. Their responses indicate they
were unaware that a larger quantity of substance at a particular temperature
results in a slower rate of cooling. Extract 16.2 presents a sample of the
incorrect responses.
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Extract 16.2: A sample of an incorrect response to question 3 Physics 2A

In Extract 16.2, the candidates provided a wrong table of values, and
consequently failed to draw the graphs on the same axis.

Question 3: Current Electricity

The question was as follows: You were assigned to install electricity to a
new secondary school building. The district electric department provided
you with two standard resistors labeled Ri and R> each having 1 €, four
standard resistors (2 Q, 3 Q, 4 Q and 5 Q), switch (K), voltmeter (V),
ammeter (A) and connecting wires. Design a circuit having two loads
labeled Ri and R:> connected in such a way that, the voltage drop across the
two loads is the same. Following the procedures provided, perform an
experiment and then answer the questions that follow.

Procedures:

(a) Complete a design by connecting a switch and two dry cells provided.

(b) Close the switch, K and quickly record the reading on the ammeter and
voltmeter.

(c) Replace R> with Ro = 0 Q and quickly record simultaneously the
reading on the ammeter and voltmeter.

(d) Repeat procedure 3 (c) for Ro =2 Q, 3 Q, 4Q and 5 Q.
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Questions
(i)  Tabulate your results as shown in the following table:

R, (Q) 0 1 2 3 4 5
P.d (V)
I1(A)

(i) Draw a well labeled diagram for the experimental set-up.

(iii) Evaluate the validity of the Ohm’s law in this experiment.

(iv) Deduce mathematical relation that can be used to evaluate the
equivalent resistance (Req) when Ro = 10 Q.

(v) Plot a graph of P.d (V) against I (A) and then comment on the
numerical values of slope and intercept.

The question was attempted by all 338 (100%) candidates, but 90.5 per cent
of them failed. Further analysis of the candidates’ performance is shown in

Table 3.

Table 3: Distribution of the Candidates' Scores in Question 2

Scores Description Per centage of Candidates

6.0-10.0

Table 3 indicates the candidates’ weak performance in question 3. It shows
that 90.5 per cent scored below the average marks (0.0 to 5.5) and only 9.5
per cent scored above the pass marks (6.0 to 15.0).

The candidates who scored low marks (0.0 — 5.5) were incompetent in
connecting simple electric circuit. These candidates failed to record data
from either ammeter or voltmeter which led them to tabulate the results
with incorrect data. For example, one of the candidates drew a table of
values with only one column of current (I) readings and ignored the column
of voltage (V). Moreover, the candidates failed to plot graph due to the
missed data. Other candidates collected and tabulated the wrong data, and
plotted inappropriate graph of P.d (V) against I (A). For example, one of
the candidates plotted an incorrect graph by using the following data; value
of V (1.6, 1.3, 1.0, 0.89, 0.8, and 0.65) and their corresponding value of 1
were (0.7.0.5,0.4, 0.32, 0.3, and 0.25) respectively. In these data, the value
of voltage is directly proportional to current I which gave a positive slope
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instead of negative slope according to the set-up of the experiment.

In addition, they incorrectly sketched a diagram for the experimental circuit
and they demonstrated lack of skills to manipulate the mathematical
relation that is used to evaluate the equivalent resistance. For instance, one

. . E-10/-1Ir .
candidate derived as; E=1 (R0+r+Re)—>Re=# instead of
_ 10R,
° 10+R,

Furthermore, they rewrote the procedures of the question instead of
answering the question items. The candidates also wrongly evaluated the
validity of Ohm’s law in part (i1) of the question. One of the candidates
stated that Validity of Ohm’s law can be applied at constant temperature
and other physical factors. Another candidate explained that the validity of
Ohm’s law is because the amount of current uses in a conductor was
determined by the change of resistance, and another one wrote; the validity
of Ohm’s law is the resistance is increased, the length of the wire the cross-
section areas decrease. The candidates were supposed to realize that
according to the data and graph, the experiment does not obey Ohm’s law.
They failed to give reasonable comment either on slope or intercept in part
(v) of the question. They failed to recognize that the voltage drop across the
two loads is the same if the connection is parallel. Extract 17.1 is a sample
of incorrect responses from one of the candidates.
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Extract 17.1: A sample of an incorrect response to question 3 of Physics 2A
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In extract 17.1, the candidate prepared an incorrect table of results and
drew wrong electric circuit. Moreover, R, and R, were supposed to be in

parallel with voltmeter. He/she also wrongly included R in the circuit.

The candidates with average scores (6.0 — 10.0) provided correct responses
to some parts of the question. Some of these candidates collected
appropriate data, tabulated the results, and plotted the graph correctly.
Most of these candidates failed in parts (ii), (iv) and (v) of the question.
They were not able to assess the validity of Ohm’s law on the bases of the
experiment. Others failed to deduce mathematical relation of equivalent
resistance (R,). Furthermore, they failed to comment on the numerical

slope value and intercept from the graph of P.d (V) against 1 (A). For
example, one of the candidates commented that the numerical value of the
slope and intercept shows the current passing is direct proportional to the
potential difference. Another candidate wrote; the slope imply the standard
resistor R, and R, =1 and the y— and x— intercepts imply the graph is

passing exactly across the original. The other candidate stated that

numerical slope will be equal to the value of R and for intercept will be
equal to the value of equivalent resistance R, . They were supposed to

comment that, slope represents internal resistance of the two cells and the
y- intercept represents the emf of the two dry cells.

The candidates who scored high marks (10.5 — 15.0) had sufficient
knowledge of the concepts of Current electricity, especially the simple
electrical circuit. They properly connected an electric circuit, which
enabled them to collect the exact data values of voltage (V) and current (I).
These candidates had good skills in drawing the graph of voltage (V)
against current (I) and on calculating the slope (S). The candidates also
correctly identified the physical meaning of a slope of as internal resistance
r of the two cells. Extract 17.2 displays an example of good responses from
one of the candidates.
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Extract 17.2: A sample of good response to question 3 of Physics 2A.
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3.0

ANALYSIS OF CANDIDATES’ PERFORMANCE IN EACH TOPIC

The Physics examination covered a total of 12 topics. These topics were
Measurements, Properties of Matter, Mechanics, Heat, Current Electricity,
Electronics, Planning for Teaching, Physics Laboratory Management,
Atomic Physics, Waves, Teaching and Fundamental of Teaching and
Learning Physics.

The analysis of the candidates’ responses in each topic in Physics 1
indicates good performance in the topics of Physics Laboratory
Management (86.7%), Fundamental of Teaching and Learning Physics
(86.4%), Teaching (79.6%), Electronics (72.5%) and Planning for
Teaching (70.3%). On the other hand, average performance was observed
in the topics of Properties of Matter (63.9%), Heat (47.6%), Atomic
Physics (45.9%) and Measurements (42.6%). Moreover, the topics of
Mechanics (21.3%), Current Electricity (24.5%) and Waves (5.4%) had
weak performance (See Appendix I).

Further analysis reveals that the topic of Fundamental of Teaching and
Learning Physics and Teaching have maintained good performance in 2022
and 2023. The performance in the topics of Physics Laboratory
Management and Electronics has improved from average and weak
performance in 2022 to good performance in 2023. Furthermore, the
performance in the topics of Heat and Measurements has improved from
weak in 2022 to average performance in 2023. However, the performance
in the topics of Mechanics, Current Electricity and Waves has continued to
be weak in 2022 and 2023 (See appendix III).

On the other hand, the analysis in Physics 2 (Actual Practical Paper)
revealed that, the topics of Mechanics and Heat have average performance

while the topic of Current Electricity was weakly performed (See appendix
10).
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4.0

5.0

CONCLUSION

In general, the candidates’ performance in Physics was good as 96.93 per
cent of the candidates passed the examination. The good performance was
due to the candidates’ ability to identify the task of the questions, skills on
the subject matter, good mathematical skills and correct application of the
theories and principles in interpreting scientific observation. They were
able to explain and elaborate the points using appropriate Physics
principles and theories.

On the other hand, the reasons for weak performance included lack of
knowledge of the concepts in the questions, inability to express and deduce
formulas and misinterpretation of some Physics principles and theories.

RECOMMENDATIONS

For future improvement of the candidates' performance in Physics

examination, tutors are advised to:

(a) wuse demonstration method in teaching the concepts of motion of
bodies sliding on horizontal plane, connection of simple electric
circuit and velocity of sound in air using turning fork. This will help
learners to determine the distance of moving bodies on horizontal
plane and to derive equivalent resistance for multiple resistors in
parallel or series in electrical circuit, and relationship between
frequency and tension of the string;

(b) emphasize learning by doing through conducting various experiments
in the topics of Current Electricity and Waves. The experiment should
base on the concepts of Ohm’s law and velocity of sound in air using
turning fork. This will help the candidates to acquire skills about
connections of multiple resistors and determination of beat frequency;

(c) apply deductive inquiry method in teaching and learning processes in
the topics of Mechanics, Current electricity and Waves, especially the
subtopic of Gravitation, Simple Electric Circuit and Sound Waves.
The method helps learners to develop competencies and skills of
derivation of formula of Newton’s law of universal gravitation,
equivalent resistance and beat frequency.
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(d)

(e)

use questions and answer, group discussion and presentation methods
when teaching the topic of Mechanics, Current Electricity and Waves
specifically the concepts of gravitation, simple electric circuit and
sound waves respectively as it will enhance learners to share
knowledge and skills.

develop student teachers’ attitude of reading different textbooks and

reference books in order to promote their knowledge of different
concepts, theories and laws of Physics.
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Appendix 1

Summary of the Candidates’ Performance in each Topic in 731/1
Physics 1

Performance | Average

. Question | in each performan
No. | Topic Number | question (%) | ce per Remarks
topic (%)

S | sty of 63.9 63.9 | Average
Matter
7. | Heat 4 47.6 47.6 Average
8. | Atomic
Physics 11 45.9 45.9 Average
9. | Measurement 1 42.6 42.6 Average
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Appendix 11
Summary of the Candidates’ Performance in each Topic in 731/2A

Physics 2A (Actual Practical)

Questi Performance Average
No. Topic Nuirsll:z;l in each performance | Remarks
u question (%) | per topic (%)
Mechanics 1 69.8 69.8 Average
2. | Heat 2 45.6 45.6 Average
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Appendix 11T
Comparison of the Candidates’ Performance in each Topic in 731
Physics DSEE between 2022 and 2023

2022
ge g&
No. Topic = 53 » = g5 »
g8 €5 £ Ss| HEF
2 859 = 2| 852 <
SEl sy E | 2E %y &
oz <23 & Oz| <« a3
1. | Physi Laborat:
el aboTaioy | ¢ &9 Average
Management
2. | Fundamentals of
Teaching and Learning
Physics
3. | Teaching
4. | Electronics
5. | Planning for Teaching -
6. | Properties of Matter Average Average
7. | Heat Average
8. | Atomic Physi
Qe SAySIes Average Average
9. | Measurement Average
10. | Mechanics
11.| Current Electricity
12. | Waves
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